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Science fictioq~is about diqersity, the unusual, and 

not suited to simple lists of equipment that limit play.. 
for slightly dikerent approach 
weaponry. YOU need rules to design whatever equipment you need, and as man 

to transportation, communication, and e v e L  

diferent variations of it as your players find uses for. More than that, you 
need jargon and double-talk; you need to understand enough of the 
behind the equipment that you can see how it works, understand i ts limitation 
and make the game come alive. 
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Fire, Fusion, bT el has all of that and more. Starships, aircraft, and vehicles, i 
almost infinite variation, are at your command, from fusion-power grav tanks to advance 

to matter-antimatter annihilation, with side excursions to solar power, batterie 

Tired of just playing with' jump drives? Tailor your campaign arouyd a wid 
selection of FTL, options, from natural wormholes to stargates, stutterwarp, o 

technology lighter-thgn-air ships, from gigantic armoreQtar cruisers to delicate ornithopters. 

explosive power generation, or even cold fusion. 

I hyperspace drives. Or if FTL is too advanced for you, conquer space the hard wa 
with Bbssard hydrogen ram jets or Daedalus thermonuclear pulse drives. 

The cybernetics chapter'alone has ens of entries and provides a rich basis for addin 
cybernetic enhancement to any science 

Weaponry isn't slighted either. Rules and supporting data enable you to design small arm 
conventional cannons, gauss weapons, plasma and fusion weapons, lasers, particle accelerato 

I with reactive armor, electrostatic armor, meso 

Pick your power plants frQm a selection that ranges from primitive steam 

c meson guns, missks, and more. Or counter tl 
__I/ screens, or nucleat ciaTpers. I 

1 
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Fire Fusion, & Steel gives you unprecedented control over your campaign environment by not on1 

providing a variety of?design rules (and explaining the physics behind then in layman's terms), but also b 
covering a wide variety of technologies not part of the core TravellerTM game universe. It is  a sourcebook on univers 

building for any science fiction referee, and an indispensable reference work on future technology. 

Other people give you cataloguesbf future equipment. 
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FJRE, FUSION, & STEEL 
Fire, Fuslon, & Steel ( F F M )  is the technical architecture 

i manual for Traverler. It enables re fems and players to design 
' mapr items of equipment to meet t k  specific needs of 'their 

A games. I t  b also meant to expEain the ynuinescientifiic basisof the 
equipment in thegame, where such basisexists, and p d d e  the 

, fictionallmtionaleforathertechnicalitems. WE do this becauwwe 
beliwe that, to the extent posible, a ~ i e m e  k t b n  game ought 

; to k grounded in real science. Of coum, the game isnJt just 
xience, R ir xience fiction, and so the technolqy used in the 
game departs from wality in a numlxr  of significant areas, But it 

, only d w s  ro whew required by the necessiticsof high adventure. 
We k l i c ve  firmly thata grounding in d i d  science formuchof the 
garnets technology adds t o  the renw of realism, the 'willing 

nsion of disbelief," so important to enjoyable roleplaying. 
those goals, this manual also enables referees 20 tailor 

eller ruler tof i t  a varicty of other possible science fiaion 
niverseswith different departures from scientific realty- While 
this gives unpmedentcd control of the game envtronment 

1 7  to the refcrez and players> it p s e s  some problems for the 
organization of this bolt. 

F a  purpows of clarity, the pnvi ranmnt  in which 
Traveller: The New Era is played is called Imperiol Space 

out this book. It represents not a specific astrographic 
area, but rathe.r the spx i f ic  future history detailed in  the game, 
along with the technological reality of that future history. The 
assumption of this bok 1s that the vast maiority of users will, at 
least initially, be using it to design Imperial Space technical 
equipment, bs a result, eachchapterof the manuat i s  organized 
wtth all Imperial Space technolqies first, and incorvmted 
directly in to  the various design sequences. Then a section 
covering alternate tcchln~logies is provided a t  the end of m o s t  
chapters which details alternative technological approaches to 
the issue addresxd by the chapter. 

The manual itself is  dividd into t h m  broad areas, or "books": 
Major Systems, Subwems, and Weaponry. By m a p r y t e r n m e  
m a n  vehicles and craft of various sorts which incorporate a large 
number of subsystems in their design. The design sequences for 
these majar systems include tabks and subsystems unique tothe 
mior  system (such as tracked suspensions in the Ground Vehicle 
chapter), but will refer you to subsystem chapters [such as Life 
Support or Eleclmnics) for material common to a numkr of 
different mapr systems. Weaponry could be included in sub- 
systems but constitutes .such a large body of material as to justify 
its own section of the book. 

We hop  that this organization proves to be the most useful in 
the long run. 

Specla1 Note: It was our original aim to  make this manual 
complete under one cover. In the course d preparing the book, 
hawvet, it k a m e  clear that that simply was not possible. A 
xience-fiction game should always k open toadditional techno- 
logica I treatments, and no one h k  should ever impose absolute 
limits on what the gam can cover. We've cowrcd the most 
important subjects in this manual, but [wk for treatments of 
additional subjects ("wet" ships, robots, disintqrators, neural 
weapans, prim~tiw transport, genetic engineering, jump proiec- 
tom, etc.) in ~ U ~ U T E  p d u d s .  Whena~Uffiilcnt numberof thesehwe 
k e n  published, thcy will be gatbed intoa single f o l h a  w l u m .  



Interpolation 
The design rules will often allow you to design a component which falls somewhere between two entries on 

a tableand direct you tointerpolate the correct value. Interpolation isa method of determining avaluewhich falls 
between two known values. As an example, look at the CPR Gun table on page 1 09, and assume we want to know 
the weight of a 7.62 cm gun. We know the weights fora 7cm gun ( 5 4  tonnes) and for an 8 m  gun 1-66 tonnes). 

To interpolate, first find out how far between the the two reference points your intermediate data point falls. 
This is done in three steps. 

Siep I :  Subtract the lower reference point from the higher reference point 8crn-7cn?=1 crn. 
Step2:Subtract the lower reference point from the intermediate reference point. 7.62em-7cm0.62cm. 
Step 3: Divide the result of step 2 by the result of step 1. The result will be a decimal value. 0.62+1 d.62. 

In the case of our example, the result will be 0.62. 
Second, find out the the differences in values between the two reference pointr, by subtracting the lowervalue 

from the higher. In our example, the difference in weight is 0.12 tonnes. 
Third, multiply the decimal value of the difference in data points times the difference in values and add the result 

to the lower of the two reference point values. In our example, we multiply 0.62 times 0.1 2 (product of .O744) 
and add it €0 the lowest data point value (-54) f o ra  result of 0.61 44. The 7.62cm gun weighs 0.61 44 tonnes(614.4 
kilograms). 

The Metric System of Measure Distance 
The Traveller game exclusively uses the metric system rnill~rneter about ' /zs  of an inch 

of measure. Those players from countries (such as our centimeter about =/s of an inch 
own) which still cling to the archaic English system o f  meter about 1 yard (and 3 inches) 
measure have our sympathy. For you we present the kilometer about 3/5 of a statute mile, s/9 of a nautical 
following summary of the major  metric units commonly mile 
used in thegame, an explanation of what they mean, and 
an approximate conversion system. Volume 

The conversion system is  by no means precise, but is Iiter (1 000 cubic centimeters) about 1 quart 
instead intended to providea rough feel for equivalencies, k~loliter (1 cubic meter) about 1 ton of water 

The metric system is a decimal system. Each area of 
measurement (distance, volume, power, energy, etc.) Weight 
has a base unit of measure (meter, liter, watt, joule) and gram (weight of 1 cubic centimeter of water) 
all other units are either decimal multiples or fractions of about '/so of an ounce. 
[hat base measurement Whether it is a Fraction or kilogrorn 2.2 pounds 
multiple, and by how much, is  indicated by a prefix 1 onne (1000 kilograms, also called a metric tan) 
attached to the base unit of measure. These prefixes are: about 2200 pounds 

micro- ' 1 1  ,UOU,OOO Energy 
milli- '/1000 joule work done by a current of 1 amp flowing at 
cerXi- ' 1 1 0 0  a potential of 2 volt 
deu- l/lo megojoule power produced by the explosion of be- 
dcka- x10 tween 6 and 7 ounces of TNT 
kilo- xl000 
mego- ~1,000,000 Power 

watt 1 joule per second 
kilowoil: about 1 ' 1 3  horsepower 

Imporfont Nore: Throughoul [his book, the word "tonne" alwoys means a metric ton, A "ton " in its meaning d 
14 cubic meten of volume will alwoys be specified in the text us "displacement ton. " 

I 



TECHNVLVGY ASSWMPTlVNS 
Traveller: The New Era is intended to not be limited to a 

single campaign background or to a single set of future science 
assumptions. Its rules are intended as a framework that will 
allow the play of a wide variety of science-fiction visions. Such 
different visions have distinctive technologies that separate 
them from speculative universes without such technologies. 
Matter teleportation, stardrives, and antigravity are all forms of 
technology whose presence in or absence from a setting have 
a major influence on the overall feel of that science fiction 
setting, and are all directions that can be explored in Fire, 
Fusion & Steel: Traveller Technical Architecture. 

However, like any roleplaying game, Traveller must have a 
basic set of assumptions which drive a basic campaign setting. 
Not all referees wish to design their own unique universes. 
Manywould ratherstart playing in a standard campaign setting 
that they knowwill be supported by future productsand source 
material. For Traveller, this standard campaign is the Imperial 
campaign that was started with the first Traveller edition. This 
campaign will continue to be supported as the standard default 
campaign of Traveller: The New Era. 

The purpose of this chapter is to explain to referees and 
players how the technological assumptions of this standard 
Imperial campaign fit into the variable technology schemes 
presented in Technical Architecture. Players and referees who 
have no desire to use a campaign other than the Imperial 
campaign may sti l l  find this information interesting. 

Different Universes 
The approach taken by Traveller: The New Era is that each 

of these different technological visions are actually different 
universes. The different technologiesseen in these universesare 
the result of differing physical laws. These physical laws will 
make certain technological breakthroughs more or less diffi- 
cult, perhaps even impossible. The more a universe's physics 
resist a certain development, the longer it will take to make the 
initial breakthrough, and the more time will pass between 
successive improvements. Likewise, the physics of a universe 
will allow one form of stardrive to be developed, but not 
another-say the use of naturallyoccurring warp points instead 
of Traveller's standard jump drive. 

Traveller divides the technology of the future into two types: 
baseline technology and projected technology. 

Baseline Technology: Baseline technology is technology 
based on physical laws that we understand and can effectively 
manipulate in the 20th century. This includes such things as 
firearms, internal combustion engines, nuclear fission, ballistic 
computers, etc. Baseline technology also includes one impor- 
tantset of extrapolated technologies: advanced power genera- 
tion. The ability to create power of a certain quantity using a 
certain amount of fuel is the most important consideration for 
the use of any other technology, and hence is included in 
Traveller's baseline technology. This particularly refers to the 
harnessing of fusion technology a t  ever increasing levels of 
efficiency. It is this baseline technology that defines the Trav- 
eller technology, or tech, level. 

Tech LeveLTech level is a shorthand scale to show the level of 
baseline technology available. See the table for examples. 

In different universes, different projected technologies may 
be added a t  different tech levels, indicating the point on the 
baseline scale a t  which they initially become possible. But not 
all projected technologies will be possible in a given universe, 
nor will they become possible a t  the same time as in other 
universes. 

Note that baseline technology levels have fuzzy borders. 
Certain technologies become available as experimental sys- 
tems before they are routinely useful and economically practi- 
cal. Furthermore, the model of Earth history can be misleading 
when applied to an interstellar community, because worlds do 
not need to individually discover basic scientific principles. The 
best example i s  the discovery in Earth's history of microbes and 
the medical revolution that this brought about. A low-tech 
world would not have to develop its own microscopes to learn 
about these facts. Such a world would only have to be told 
about certain principles of infection and sanitation in order to 
realize the great health benefits that come from boiling water, 
maintaining standards of cleanliness, etc. 

Also note that baseline technology allows unusual technical 
breakthroughs under specific local conditions. For example, on 
a world with a dense atmosphere and low gravity (an unlikely 
combination to be sure), practical aircraftwill become available 
before they were on Earth, as it would be easier to generate 

Available Baseline Technology 

Tech Level Earth's History Technology 
fire, stone tools 

sufficient power to keep an aircraft in the air. 
Projected Technology: Projected technology 

refers to breakthroughs using physical laws not 
currently known (for example, stardrives and 
antigravity), or physical laws that we do know 
and understand to some extent, but which we 
do not yet understand how to completely ma- 
nipulate (the cloning of higher animals is an 
example of this). Because projected technology 
deals with the ability to do certain things in a 
universe because the physical laws there allow 
it, projected technology also refers to things 
not normally thought of as technology, like 
psionics. Psionics is not a technologyperse, but 
rather a natural phenomenon which can be 

I I exploited. 
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The Imperial Campaign as Example 
In order to clearly explain these concepts, we will examine 

the technological underpinnings of the standard Imperial 
campaign. This campaign is a variant universe like any other 
described above. It has its own set of technological assump- 
tions which reveal the background physics of the universe. 

A universe can be thought of as having “settings” which 
dictate the sort of things that can and cannot be done in that 
universe, and how difficult these things are. The harder a 
certain technology is to perfect, the later it will be introduced 
on the baseline technology scale. 

Looking a t  the technology chart above for the Imperial 
campaign, we see that, like any Traveller universe, it begins 
with the baseline tech level scale. To this baseline are added the 
projected technology fields. 

Projected technology is divided into several different fields. 
Each field represents a solution to a problem or goal. For 
example, the stardrive field answers the problem of how people 
get from star to star. Some of these fields present alternative 
approaches tq those goals. In the case of the stardrive field, a 
universe’s projected technology can be jump drive, stutterwarp, 
natural warp points, star gates, hyperspace, or psionic shifting 
(as a rule of thumb, only one type of stardrive should be 
included in a universe). Other fields have just one approach and 
effect (matter teleportation, for example). 

When a field is selected to use in a universe, it must be given 
an initial availability point in relation to  the baseline tech level 
scale. For example, in the Imperial campaign, the stardrive type 

chosen, jump drive, becomes available at tech level 9. 
After setting the tech level of initial availability, the field’s 

“slope” must be set. Most fields will have scales of improve- 
ment within them (for example, jump drive availability starts 
out with jump 1, then advances to jump 2, jump 3, and so on). 
The slope determines how rapidly these improvements are 
made with respect to  the baseline tech level. The standard 1 :1 
slope allows one of these improvements per baseline tech level. 
Ashallow slope reflects the fact that each incremental improve- 
ment takes longer. A shallow slope could be designated by the 
referee as requiring two (a 1 :2 slope) oreven three (a 1 :3 slope) 
tech levels per improvement. For example, if jump drive 
technology were placed on a 1 :2 slope, jump 1 would become 
available at tech level (TL) 9, jump 2 at TL 1 1, jump 3 a t  TL 13, 
and so on. A universe might also have a steep slope, showing 
that once a certain breakthrough was made, further develop- 
ment proceeded rapidly. At a 2:l slope, jump 1 and 2 would 
appearatTL 9, jump 3 and 4 atTL 10, and so on. In the Imperial 
campaign, there is an initial flat spot immediately following 
introduction at TL 9 and 10, but once TL 1 1 is reached, jump 
performance increases at the 1 :1 rate. 

Note the other fields used in the Imperial campaign. There is 
contra-gravity technology appearing at TL 9. This is one of the 
subset approaches to  the gravitics field. Contra-gravity means 
the negation of gravitational attraction. Another gravitic ap- 
proach is thruster plate technology, in which gravitic force is 
transformed into directional thrust. Both these also allow the 
generation of artificial gravity fields aboard spaceships. 

7 



Laser focusing technology i s  another field included in the 
Imperial campaign, also appearing at TL 9. This allows laser 
beams to hit targets beyond a mere few thousand kilometers. 

Psionics is given at the standard strength level. Some uni- 
verses may not allow psionics at all, while some might use 
weaker or stronger variations. Note that psionics has no intro- 
duction TL, as it is not limited by technology, but only by 
human awareness of its existence. Because psionics is not a 
technology as such, and this book i s  specifically about technical 
issues, FFQS does not include alternative psionics rules. 

Some fields are not included here, as they do not appear by 
TL 16, which is the current limit of the Traveller: The New Era 
Imperial campaign. Whether such fields as FTL (faster-than- 
light) communications or matter teleportation become avail- 
able after TL 16 or are altogether impossible in this universe 
cannot be known to characters in the universe, aseverything is 
impossible until the first time it is done. 

The Representative Fields and Effects table shows certain 
representative fields and their general effects. All universes 
should have at least a stardrive and a defined TL for the 
beginning of genetic manipulation techniques. All of the other 
fielhs are-optional, although most cam- 
paigns will have a gravitics approach and 
some form of psionics. 

Some of these fields are linked to each 
other. For exampte, if using the psionic 
shifting approach to stardrive technol- 
ogy, not only would the psionic shifting 
capability have to be assigned to  the tech 
level at which it becomes available, the 
universe would also require psionic abili- 

ties to use with the drives. 

grounds should see Appendix I1 for more details. 
Referees who plan to  create their own technological back- 

Note on Use 
The following sections are organized into three books: Major 

Systems, Subsystems, and Weaponry. Each of these books is 
further subdivided into specific chapters. 

Major systems include spacecraft and vehicles, and sub- 
systems are things like power plants, electronics, controls, etc., 
that are installed in the major systems. Weaponry includes 
those weapons installed aboard major subsystems, as well as 
those used on their own. 

Both Book 1 and Book 3 will require the use of the subsystems 
book to complete their design. For this reason, FF&S is thumb- 
indexed to allow easy access to the chapters of Book 2. When 
a reference to  a “section” of Book 2 appears in Books 1 and 3, 
place yourthumb on the corresponding number in the column 
on the page’s outer margin. By flipping through the book until 
the number appears reversed white out of a black band, you 
can move directly to  the required section. 

Levels of approach (weak, standard, powerful, etc.) I . .  . .  
Laser focusing 
Matter teleportation 
FTL communications 

Yes or no, plus initial TL and slope 
Yes or no, plus initial TL and slope 
Yes or no, with styles of approach, TL, and slope 





CHAPTER 1 
1 Designing Spacecraft 

Traveller, as the name indicates, is a game about travel 
between the stars. This focus makes starships central to the 
game, and so players and referees will want to take a hand at 2 designing ships of their own. It is  natural, then, to begin this 
book with the spacecraft design sequence. 

Designing ships serves two functions. First, even if the 
players never own or use any of the shipsdesigned, the designs 3 can add diversity to the sorts of ships they will encounter. 
Second, working a design through from hull structure to final 
additions to the command bridge will give players a much 

4 deeper understanding of what starships are like and how they 
work in the Traveller universe. 

Before starting the design, there are several items which 
need to be determined. What is the tech level of the ship? What 

Once these decisions are made, take a sheet of paper and 
divide the right two-thirds of it into five columns, and label 
them Volume, Mass, Power, Surface Area, and Price. This will 6 beyourworksheet as you do your design (pre-madeworksheets 
of this type are available in Traveller Players' Forms). When- 
ever a component uses volume, mass, power, or hull surface 
area, write the amount in the correct column. Whenever a 7 component contributes volume, surface area, or power (hulls 
contribute volume and surface area, power plants contribute 
power) write the amount in the correct column but indicate it 8 with a plus sign or by enclosing it in brackets. This worksheet 
will make designing your vessel much easier. 

5 is its mission? Are there any limits on its price? 

9 

10 

11 

12 

13 

1. HULLS 
The first step in designing a space craft is to determine the 

size, shape, and special configuration of the hull. All other 
components will then be placed inside the hull or on its 
surface. 

Firstselecta basic hullsize from the Hull Size table(page 11). 
All hulls have a rate (or "tonnage") which is the displacement 
of the hull in tonnes of liquid hydrogen (the most common 
starship fuel). Therefore, a ship with a rate of 7 could hold 7 
tonnes of liquid hydrogen (provided nothing else was put in 
the hull). Thus, Traveller uses the term "ton" as a unit of 
volume where 1 ton equals 14 cubic meters (m3) of internal 
volume (also measured as 14 kiloliters). The Hull Size table 
indicates the volume (in cubic meters), the material volume of 
the shell (assuming a uniform thickness of 1 centimeter) in 
cubic meters of hull material, and the length of the hull 
(actually its diameter, as all hull ratings are based on the 
characteristics of a sphere) in meters. 

Next, decide'on the hull's form and confiauration. Hull 
form is the basic geometric shape of the hulc As indicated 

14 above, the basevaluesfor hullsassume a spherical shape. As 
all hulls of the same rate have the same interiorvolume, hulls 
in less space-efficient shapes than spheres will have more 
surface area, greater length, and require more hull material 

to achieve an equivalent volume. The Hull Form and Con- 
figuration table (page 12) indicates the various hull forms 
available and the effects on length and material volume. 

Once the basic shape is determined, the designer specifies 
whether the hull has an unstreamlined, streamlined, or an 
airframe configuration. This decision will affect the cost of the 
hull (streamlined and airframe configurations are more expen- 
sive). In general, airframe hulls may enter any planetary 
atmosphere to land on the surface or skim fuel; streamlined 
hulls may skim gas giants but may not land on planetary 
surfaces with atmospheres of greater than Thin; and 
unstreamlined hulls may do neither. These capabilities maybe 
modified if the vessel is equipped with some form of weight 
compensating drive, such as contra-grav-see the Sublight 
(Maneuver) Drives chapter (Section 9). 

Once the basic size and shape is determined, the hull itself is 
constructed. Hulls consist of hull plating and internal structure. 

Hull plating may be thinner or thicker than 1 cm, but all hulls 
must have an armor value of a t  least 1. Interplanetary and 
interstellar vessels must have a minimum hull armor value of 
10 per C rating of the maneuver drive (to protect against 
micro-meteors). To determine the armorvalue of the hull plating, 
decide on a thickness (in centimeters) and multiply the thickness 
by the toughness of the material used to construct the hull (round 
to the nearest whole number). 

The Vehicle and Craft Construction Materials table (page 
38) lists a variety of materials available at different tech levels, 
along with their toughness, mass per cubic meter, and their 
price per cubic meter. Once the designer has decided on a 
thickness, multiply the hull's material volume value by the hull 
thickness (in centimeters) to determine how many cubic 
meters of material is used for hull plating. Multiply this by the 
correct values on the Vehicle and Craft Construction Materials 
table (as modified by hull form and configuration) to deter- 
mine mass and price. 

Interior structure is also a function of the craft's acceleration 
and its hull material value. Multiply the hull material value from 
the Hull Sue table (as modified by hull form, but not by configu- 
ration) by the craft's maximum acceleration in Cs, and divide the 
result by the hull material toughnessvalue. The result is thevolume 
of internal structure material used; use the Vehicle and Craft 
Construction Materials table to determine price and mass. The 
following equations recapitulate these procedures: 

Hull Plating 
Minimum Hull Thickness = (Cmaxxl 0) +Toughness of hull 

material from Vehicle and Craft Construction Materials table 
Hull Plating Volume (Unstreamlined or Streamlined configu- 

ration): HW = MVxMVMxHt 
Hull Plating Volume (Airframe configuration): HPV= 

MVxMVMxl.3xHt 
Hull Plating Mass (in tonnes) = HPVxMass value of hull 

material from Vehicle and Craft Construction Materials table 
Hull Plating Cost (in MCr) = HPVxSmxPrice of hull material 

from Vehicle and Craft Construction Materials table 

7 0  



Interior Structure 

ness from Vehicle and Craft Construction Materials table 

Vehicle and Craft Construction Materials table 

Vehicle and Craft Construction Materials table 

lntemal Structure Volume: ISV = (MWMVMxCmax) + Tough- 

Internal Structure Mass: ISVxMassvalueof hull material from 

Internal Structure Price: ISVxPrice of hull material from 

Cmax: Maximum rated performance in Cs 
HPV Hull plating volume, in cubic meters 
Ht: Hull thickness in centimeters, chosen by designer, but a t  

ISV Internal structure volume, in cubic meters 
M V  Material volume from Hull Size table, in cubic meters 
MVM: Material volume multiplier from Hull Form and 

Sm: Streamlining price modifier according toselected stream- 

least equal to minimum hull thickness 

Configuration table 

lining configuration 

Note also that the hull form will affect thesurface area of the 
hull. Note at  this time how much surface area is available. 
Surface area is used for the attachment of weapons, sensors, 
communicators, launch ports, etc. Keep a running record of 
how much surface area is used as the ship is designed. 

HULL SIZE 
Rate Vol MV L 

6 84 1.3 5.8 

8 112 1.6 6.6 
9 126 1.8 6.8 

%" 

i n  140 1.9 7 . . -  .. . -  
15 21 0 2.1 7.5 
20 280 2.3 8.0 

30 420 2.7 9.2 _. ~ 

35 490 2.9 9.8 
40 560 3.1 10.4 

50 700 3.8 11.2 _. 

55 770 4 11.4 
60 840 4.2 11.6 

70 980 4.6 12.5 
75 1050 4.8 12.9 
80 1120 5.1 13.2 

100 1400 6 14 
200 2800 9 17 

300 4200 12 20 

7000 17 24 

700 9800 22 27 

900 12.600 26 29 

2000 28.000 43 36 _. ~ 

3000 42,000 57 42 
4000 56,000 70 47 
5000 70,000 80 51 -- 
6000 84 000 90 53 

10,000 140,000 130 64 

50.000 700.000 3 70 112 

1,000,000 14,000,000 2740 300 

1 

2 

3 

4 

5 

6 

7 

8 

9 
Rate: The hull rating is a standard measure of the volume of 

the hull expressed in tonnes of liquid hydrogen. Each tonne of 
liquid hydrogen displaces 14 cubic meters of volume (and is 
referred to as a "displacement ton"). 

Vol: The enclosed volume of the hull in cubic meters (m3). 
Each cubic meter contains 1000 liters of volume, and so the 
term kiloliter is sometimes used interchangeably with cubic 
meter. 

MV Material volume, the volume (in cubic meters) of material 
required to enclose the hull in a shell 1 centimeter thick. 
L: The length of the hull in meters. For spherical hulls, this is 

also the diameter. 
Surface Area: Surface area in square meters is the hull 

material volume multiplied by 100. 
Price: The price of a hull in credits is its material volume 

multiplied by the price shown on the Vehicle and Craft 
Construction Materials table. 

The values on the Hull Size table are for a spherical hull. With 
a different configuration, modify the hull material and price as 
shown on the Hull Form and Configuration table. 

10 

11 

12 

13 

Configuration: Hulls may be in any of several configurations. 1 4 



HULL FORM AND CONFIGURATION 
Streamlining Price Modifier 

Box 1.2 0.4 0.6 . N/A 1.25 
SDhere 1 0.8 1 N / A  1 

I 

2 DO~TW/D~SC 1.2 1.4 1.6 1.2** 1.5 
2 close Structure 1.4 0.3 N/A  N/A 1.75 

, .  
Slab 1.5 0.5 0.7 IS** 2.75’ 

4 * Modifies hull material volume only. Surface area remains 
unchanged. 

** Airframe configuration increases hull shell material vol- 
ume (and surface area), but not internal structure. Modify hull 

MVM: Material volume multiplier. Multiply the material volume 
(MV) from the Hull Siie table to get the volume of 1 cmthick hull 
plating for a hull of the corresponding mass and configuration. 

Perform the same calculation to get the volume of that hull’s 
internal structure stressed to 1 C. 

LM: Length Multiplier. Multiply the length L obtained from 
the Hull Size table by LM to get the length of the hull for a 

N/A Not available; that configuration of hull may not be 

5 shell material volume xl.3 for airframe configuration hulls. 

6 

7 particular hull form. 

built with that streamlining option. 

Tarqet Size 
Once the hullsize has beenselected, determineitstargetsize 

based on the following table. 

Tons Size 
9 

1+ Micro (Mc) 

1 oo+ Small (SI 
10 

1 ooo+ Medium (M) 
1 0, ooo+ m e  (L) 11 . - 1 oo,oooi very Large (vt) 
1,000,000+ Gigantic (C) 

STEP 2. FASTER-THAN-UGW DRNE ’ If a vessel is intended to serve as a stanhip (i.e., travel 
between stars), it will need an FTL drive. In the Imperial Space 
setting of Traveller, this will be a jump drive, but other types 13 of drives are available in different science-fiction settings. 
Faster-than-light drives are covered in detail in the chapter of 
that name (Section 3). 

14 STEP 3. CONTROL SYSTEMS 
Control systems fall into three categories: the actual space- 

craft controls, computers, and navigational aids. These are 
covered in detail in the Control Systems chapter (Section 4). 

STEP 4 ELECTRONICS 
Electronicsfall into four categories: communicators, sensors, 

electronic countermeasures (ECM), and electronic counter- 
countermeasures (ECCM). 

Players should be familiar with the Traveller space combat 
rules for how communicators, sensors, ECM, and ECCM 
systems work in order to decide which of these systems to 
install. All of these systems are covered in the Electronics 
chapter (Section 5). 

STEP 5. WEAPONRY 
Ships may be equipped with beam weapons, missiles, 

defensive screens, and the fire control systems that enable 
them to function effectively. All of these are covered in the 
Weaponry book(page 91) except for defensive screens, which 
are covered in the Defenses chapter (Section 6). 

Sockets 
If desired, a designer may install turret and/or barbette 

hardpoint sockets while the ship is being built. This allows easy 
installation of a standard turret or barbette weapon. Turret 
hardpoint sockets consume 3 displacement tons (42 cubic 
meters) while barbette hardpoint sockets consume 6 displace- 
ment tons (84 cubic meters). Both cost MCr.005 if installed 
during construction and, as they are empty, have negligible 
mass. 

See Appendix 1 (page 153) for a selection of standard 
modular 3-ton (42 kiloliter) turrets, 6-ton (84 kiloliter) 
barbettes, and larger bays which can be installed on star- 
ships. Each turret and barbette is designed to fit into a 
standard turret hardpoint socket or barbette hardpoint 
socket. The turret or barbette does not add to the displace- 
ment of the ship (as the socket itself takes up the full 
displacement of the mount), but does add weight as shown 
on the chart. Sockets may be included in a design even if no 
weapons are installed until later. 

Turret Hardpoint Socket 
Displacement: 3 tons 
Price: MCr0.005 

Barbette Hardpoint Socket 
Displacement: 6 tons 
Price: MCr0.005 

Type Displacement Volume Diameter Height Surface Area 

Barbette 6 tons 84 m3 4.5 m 5.25 m 16m2 

Bays are built in 50-ton and 1 00-ton versions. There are no 
standard sockets for bays, and they are instead custom- 
installed when the ship is built. 



OPTlONAL FEATURES 
A variety of optional features are possible, such as fuel 

scoops, laboratories, machine shops, vehicle launch facilities, 
etc. Consult the Optional Features chapter (Section 7) for a 
complete discussion. 

STEP 7. POWER SUPPLY 
The ship needs a power plant to provide electric energy to 

various subsystems as well as to power the maneuver drive 
(assuming one is installed). Avariety of power plants are available 
and are detailed in the Power Production chapter (Section 8). 

STEP 5. SUBUGHT DRNE 
The ship's power plant as installed provides electrical power 

to run the ship's basic systems. The power plant can be (and 
almost always is) also modified to provide thrust by the 
addition of a combustion chamber, or to power a more exotic 
maneuver drive. The variety of maneuver drives available are 
detailed in the Sublight (Maneuver) Drives chapter (Section 9). 

Also included under this heading is the addition of Mer technol- 
ogy as required for movement on or near a planet. This is 
particularly the case for spacecraft in the Imperial Space campaign, 
which use contra-grav lifters. See the Lifters chapter (Section 10). 

STEP 9. CREW AND UFE SUPPORT 
Determine the crew requirementsof the ship and then fit life 

support to accommodate them. A variety of options for life 
support are covered in the Life Support chapter (Section 1 1 ). 

Crew Requirements 
Engineering: Ce=(PxCp)+30 

Ce = Engineering crew 
P = Power plant peak output in megawatts 
Cp = Computer control multiplier 

Electronics: CI = (C+S)xCp 
CI = Electronics crew 
C = Number of installed communicators 
S = Number of installed sensors 
Cp = Computer control multiplier 

Cm = Maneuvering crew 
D = Number of installed drives (maneuver drive= 1, jump 

Maneuvering: Cm=D 

drive = 1, maneuver and jump drive = 2) 
Gunnery: Cg = FD+Wm 

Cg = Gunnery crew 
FD = Number of master fire directors 
W m  = Sum of the installed weapon mounts which are to 

be manned in action, times the number of crew each 

Maintenance Crew: Cr = Mp+SO 
Ct  = Maintenance crew 
Mp = Maintenance points 1 
= (jm+Em+Wm+Pm+Mm+Sm)x(O.l xCp) 

Jm = Mass of installed jump drive, in tonnes 
Em = Mass of all installed electronics, in tonnes 
Wm = Mass of all installed weapons systems, in tonnes 2 
Pm = Mass of all installed power plants, in tonnes 
M m  = Mass of heat exchangerbgnition chamber, in tonnes 
Sm = Mass of all carried spacecraft, in tonnes 
Cp = Computer control multiplier 

Ships Troops: Ct as desired. 
Ct  = Ship's troops 

fight Crew: Cf = QxR 
Cf = Flight crew 
Q = Total number of carried craft 
R = Crew required of each craft 

Cc = Command crew 
Z = Ce+Cl+Cm+Cg+Cr+Ct+Cf 

Cs = Stewards 
Cc = Command crew 
Ph = High Passengers 
Z = Ce+CI+Cm+Cg+Cr+Ct+Cf 
Pm = Middle Passengers 
Cp = Computer control multiplier 

Cd = Medical crew 
Z = Ce+CI+Cm+Cg+Cr+Ct+Cf 
Cc = Command crew 
Ph = High Passengers 
Pm = Middle Passengers 
PI = Low Passengers 

3 

4 

5 Command: CC = Z+6 

6 
Stewards: Cs = [(Cc+Ph)+8] + {[(Z+Pm)+SO]xCp} 

7 

8 

9 

Medical: Cd = [(Z+Cc+Cs+Ph+Pm)+l20] + (Plt20) 

Note: Retain fractions during multiple-step calculations; 
round all fractions in the final result down. 10 

11 

12 

13 

14 
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STEP 10. 
WVRKsT/ITlONS AND BRllXE 

Workstations 
Certain crewmembers require the installation of workstations at 

which they perform their duties of controlling or monitoring 
2 certain equipment. One standard workstation (7 m3, see the 

Controls chapter, Section 4) must be installed for each engi- 
neering, electronics, manewering, master fire director, and 
command crewmember as calculated in the Life Support step 3 above. Workstationsfor weapons are included in the weapons 
themselves, and need not be allocated again. 

If a ship requires a bridge (see section immediately below), 
4 the workstations for the electronics, maneuvering, master fire 

director, and command crewmembers are installed according 
to those guidelines, and do not need additional normal 
workstations. Each engineering crewmember requires one 

5 normal workstation, regardless of whether the ship requires a 
bridge or not. 

Even if a ship does not require the specific fitting of bridge 
workstations as discussed below, the workstations for elec- 6 tronics, maneuvering, master fire director, and command 
crewmembers arestill considered to be grouped together into 
an area called the "flight deck." This flight deck is treated as a 
bridge, and its crew as bridge crew for purposes of hits and 

1 

7 damage in combat. 

Bridge 
The ship's bridge is a compartment in the vessel containing 

crew workstations for command, manewering, sensor, com- 
munications, and fire direction personnel. It is the ship's nerve 
center, particularly during combat The basic parameters of 9 the bridge are laid down at this time, but itsdimensionsare not 
finalized until all electronics and fire control equipment is 
installed. 

The bridge consists of a number of 1 -dispacement-ton (1 4 
1 0 cubic meters) workstations. The larger size of the workstations 

is to allow room for easy movement and communication by 
command and replacement personnel as well as to allow 
inspections and conferences on the bridge itself without 

One Workstation is required per electronics, maneuvering, 
and command crewmember, as determined in the Life Sup- 

1 2 port step, as well as one workstation per master fire director. 
Each bridge workstation uses 14 cubic meters of volume, 
masses 0.2 tonnes total, and costs an amount as shown on the 
Workstations table found in the Controls chapter (Section 4) 

Not all ships are large or complex enough to require a 
bridge. A ship requires a bridge if, during the Crew Require- 
ments step (page 13), it is discovered that two or more 
command crew are required. If a ship is of sufficient size/ 

1 4 complexity to require a bridge and does not have one installed 
(Le., has only a flight deck installed instead), the following 
penalties apply: 

8 

1 1 interfering with the crew's duties. 

13 

Q All sensor tasks are one level more difficult 
No sensor hand-offs are allowed 
Jamming tasks are one level more difficult 
Fire tasksfor turrets under local control are one level harder 

0 MFD-directed fire tasks are one level harder on each turn 

0 Jump tasks are one level more difficult 
that the battery composition is  changed 

Auxiliary Bridge: A designer may wish to install one or 
more auxiliary bridges with as many or fewer bridge work- 
stations as are installed on the operating bridge (auxiliary 
flight decks may be installed as well, using normal worksta- 
tions). Fewer workstations will limit the number of fire 
directors, sensors, or communicators which can be oper- 
ated from the site, calculated using the normal crew formu- 
lae. If an auxiliary bridge is constructed, additional crew- 
members must be carried to man it. 

Flag Bridge: If the vessel is to serve as the flagship of a group 
of ships, it should have a flag bridge. The flag bridge is the 
facility from which the flag officer commanding (admiral) 
exercises command and control. The bridge should have 
bridge workstations for the same number of sensor and 
communication crew as does theship's command bridge, plus 
bridge workstations for additional command crew, depend- 
ing upon the size of the force being commanded 
(3+0.25x[Number of ships in the fleet]). Ships which carry 
large numbers of small craft may have a fighter control bridge 
containing 3+0.06x(Number of fighters carried) bridge work- 
stations. These bridges allow the application of Fleet Tactics 
skill to multi-vessel operations. Volume, weight, and price are 
calculated in the same way as for the ship's bridge. 

Fire Control Bridge: On particularly large ships, the de- 
signer may wish to designate a number of MFDs that are not 
located on the main bridge, but are grouped together sepa- 
rately as their own bridge. This decreases the chance of fire 
control capabilities being lost from hits on the operating 
bridge. 

DESlGN E V ~ A T I O N  

determine its game ratings. 
Once the design is complete, you will need to evaluate it to 

1. Check Step 
Go back and add up the volume, price, surface area, and 

mass of all the components. This is your chance to check to 
makesure that itsinternal occupiedvolumeand areaof surface 
fixtures are within what is allowed by the size of its hull. This 
step also provides you with a total price and mass. 

Calculate two masses, loaded and empty. Loaded includes 
a full load of fuel, full load of cargo (assume 1 tonne per m3), 
and all carried craft and vehicles on board. Empty is emptied 
of all jump fuel and reaction mass, all cargo, and all carried craft 
and vehicles. 



2. Record Design Features 
Most of the evaluation of your design will consist of record- 

ing the features already determined by the design, such as hull 
form, configuration, armor value, acceleration, jump n um be r, 
computer type, installed electronics, etc. 

If the ship is equipped with drop tanks, it is necessary to 
record its displacement and determine its Grating and jump 
range both with and without the tanks (this can be compli- 
cated bythefact thatsometimesthe higher jump performance 
possible with the lower displacement cannot be achieved with 
the fuel remaining). By the same token, a ship which carries 
other vessels by means of external grapples may need to 
calculate its jump and maneuver performance separately for 
when the vehicle@) are attached and detached. In most cases 
these figures will be the same, as the vessel is equipped with 
drives large enough to operate with the small craft attached, 
and the craft is a small enough percentage of the mother ship 
that jump and maneuver do not increase appreciably when 
the craft is detached. 

3. Allocate Damage Areas 
Divide the volume (cubic meters) of the ship’s components 

into the following categories: 
Electronics: All sensors, communicators, ECM, ECCM, con- 

trol systems, workstations, flight deck/bridge spaces, fire 
directors, and internal screens (i.e., those not mounted in bays, 
barbettes, or turrets). 

Hold: All fuel, cargo space, hangars, labs, and shops. 
Quarters: All life support systems (including the installed 

artificial gravity/C-compensators), hull material volume, ac- 
commodations, sick bays, and low berths. 

Engineering: All power plant, FTL drives, sublight (maneu- 
ver) drives (including CC lifters), and fuel-processing equip- 
ment. 

Weapons Mounts: Each individual weapons mount, in- 
cluding bay-, barbette-, or turret-mounted defensive screens. 

Now take the total displacement of the ship and divide by 
20. The result is the number of cubic meters of volume 
availablein each of the 20 hit location areas. Allocate the above 
damage areas to distinct hit locations in proportion to how 
much of the volume of the ship they consume. Use the ships 
already rated as a guide. 

In general, the bridge (i.e., the largest concentration of 
electronics) should be in the nose of the vessel to minimize the 
amount of circuitry between the bridge and the sensor arrays, 
which are usually mounted forward as well. If the ship has a 
maneuver thruster, the majority of the engineering space 
should be aft, but any ship with CC lifterscan have engineering 
space forward on its ventral side as well. If you have a visual 
image of what the ship looks like, try to make the hit locations 
correspond with that as much as possible. When allocating the 
volume of a spinal mount to hit locations, divide it evenly 
among all 20 hit locations. 

4. Place Surface Fixtures 
Surface fixtures include all antennae, radiators, external 

grapples, and hatches. Surface areadevoted toslower-than-light 
maneuver drive (aft), jump drive (aft), and lifters (ventral surfaces) 
should also be allocated. These systems do not have surface hit 
locations listed on, the ship’s damage table (these have their 
damage handled by internal damage in the same hit locations), but 
are allocated in this step to ensure that other systems are not 
improperly placed where these engineering systems should be. 
Divide the total hullsurfacearea by20 todetemine thesurface area 
of each hit location and allocate surface fixtures accordingly. 

5. Evaluate System Damage 
Record the tonnage of each major system in thevessel (each 

entry on the Damage Type chart, plus each separate weapons 
mount, plus each antenna on the hull surface) and determine 
its damage capacity. Systems can take 1 minor hit per 5 metric 
tonnesof mass (to a maximum of 4), or 1 major hit per 100 metric 
tonnesof mass(21 or more metric tonnes rounds up to 1 major hit; 
above multiplesof 100 tonnes, 20 tonnesor less round down, 21 + 
round up). Note that small components (such as laser communi- 
catoaoractiveEMS antennae)alwaystake 1 minor hit, even ifthey 
have no listed mass or a total mass much smaller than 5 tonnes. 

The following specific systems should always be evaluated: 
Electronics 
Each sensor and its antenna, based on mass. 
Each communicator and its antenna, based on mass. 
Each master fire director and its antenna, based on its mass. 
Each ECM system and its antenna, based on its mass. EMM 

is a special case. The EMM controller has its hits based on its 
total mass, using normal procedures. For the radiators, allow 
1 minor hit for each MW of power allocated to the EMM 
system. Note that this is an exception to the rule that systems 
may only have a maximum of 4 minor hits. 

Hold 
HangarThe total massof the hangarspacesdvided by20 equals 

the number of major hits (round to the nearest whole number). 
Labs: Based on the total mass of each lab. 
Shops: Based on the total mass of each shop. 
Cargo Space (CS): The total mass of the cargo carried is a 

measure of how much damage is  absorbed when the cargo is 
hit by a weapon. This varies with cargo type. If cargo space is 
empty, cargo space hits are re-rolled as excess damage. 

Quarters 
Stateroom (SR): Each large stateroom takes 1 major hit. Each 

small stateroom takes 2 minor hits. 
Life Support: This value is based on the mass of all life support 

machinery (not including C-compensators) plus the total hull 
material mass (hull shell and internal structure). Two-thirds of 
the total mass is used to determine the damage level of the 
main life support system (LS), and the remaining third deter- 
mines the damage of the emergency life support (ELS) system. 

Artificial Gravity (AG): Based on the total volume of the 
vessel’s C-compensators. 

Low Berth (LBth): The low berths take 1 minor hit per low berth. 
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Engineering 
When using alternate technology fields for FTL and/or sublight 

1 drives, the names and number of these systems will change. For 
example, a ship with stutterwarp uses this for F l l  and sublight 
drive, while a ship with thruster plates uses these for sublight drive 
and liiers. The systems listed below are for the Imperial Space 2 campaign, which uses three systems OD, MD, CC). Designers 
using other systems must make adjustments accordingly. 

lump Drive (ID): Based on the mass of the jump drive itself. 
Power Plant (PP): Based on the mass of the power plant. 
Maneuver Drive (MD): Based on the mass of the heat 

exchangedignition chamber for the maneuver drive. 
Contra-Crav Lifters (CC): The mass of the CC lifters. 
FueLProcesSing Plant (FPP): Based on the total mass of the plant 
Weapons Mounts 
Each individual weapons mount: These may be laser turrets 

(LT), barbettes (LB), or bays (LBy); missile turrets (MT), bar- 
5 bettes (MB), or bays (MBy); particle accelerators (PA); meson 

guns(MC); etc. Allweapons take hits based on theirtotal mass. 

3 

6. Determine Arcs of Fire 
The arc of fire of each weapon is determined by the hull 

location of the weapon and the hull form of the vessel. The 
following table shows which hull location weapon stations can 
fire into which arcs on each type of hull form available. 

7 After determining which arcs a weapon can fire into, note 
the information on the ship's control panel data sheet. 

6 

ARCS OF FIRE BY HULL FORM 

Hull Form Bow On Bow Qlnorter Broadside After Quarter Stem On 
( 1 )  (2) (3) (4) (5) 8 

close structure 1-9 1-1 5 2-1 9 6-20 12-20 ~~ 

Slab 1-5, 10-11 1-15 2-19 6-20 io-it, 1620 
11 I 1  

7. Determine Maintenance Points 
Take the loaded mass of the vessel, but subtract the weight 

of any carried craft and vehicles (their maintenance points are 
1 2 calculated separately), then subtract the mass of its hull shell. 

Divide the result by the TL modifiers here. 

TL Maint Modifier 

6-7 3 
13 

8-9 4 
10-1 2 5 

14 13-15 6 
16-1 8 8 

10 - -  . 19-21 
^^ 

If the craft has two or more computers installed (three or 
more computers for jump-capable ships, S t  or Fb only, not 
flight computers), one of these isconsidered to be a dedicated 
maintenance troubleshooting computer, which allows the 
current figure to be divided by4. If there is only one computer 
(or two or less for astarship), the figure remains unreduced. 
Thisis the number of maintenance points required by the craft. 
(The loaded figure is used because itemssuch as cargo and fuel 
do require regular attention to see that they have not shifted, 
leaked, etc.) 

8. Atmospheric Speed 
Any spacecraft which is streamlined can hurtle through the 

atmosphere at  hypersonic speeds (and will have to in order to 
reach orbit), but it cannot necessarily maneuver a t  those 
speeds. The maximum atmospheric maneuver speed of a 
streamlined spacecraft, regardless of its C rating, is 1 100 kph. 
The maximum atmospheric maneuver speed of an airframe 
spacecraft is determined by the C rating, as shown below 

2 4700 
3 5300 
4 5600 
5 5800 
6 5900 

Maximum atmospheric maneuver speed is used to deter- 
mine the difficulty modifier for hitting a flying spacecraft in an 
atmosphere (Traveller, page 294). The maximum atmo- 
spheric maneuver speed multiplied by 0.75 is the spacecraft's 
atmospheric cruising speed, which is used to determine travel 
times in the atmosphere when the spacecraft is used as an 
aircraft. 

Spacecraft with lifters (contra-gravity, thruster plates, etc.) 
may fly NOE (nap-of-the-earth). Spacecraft have a safe NOE 
speed equal to their maximum atmospheric speed multiplied 
by0.25, but never more than allowed bytheir installed terrain- 
following avionics (or 40 kph if no avionics are installed). 

Combat Move: The high mode combat movement (in 10- 
metergrid squarespercombattum)isequal tothespacecraft's 
maximum atmospheric flight speed (in kilometers per hour) 
multiplied by 0.1 39. The safe NOE combat movement (in 10- 
meter grid squares per combat tum)isequal tothespacecraft's 
maximum NOE speed (in kilometers per hour) multiplied by 
0.1 39, rounded to the nearest whole number. 

Travel Move: The high mode travel movement rate (in 
kilometers per 4-hour period) is equal to the cruising speed 
(in kilometers per hour) multiplied by 4. The NOE mode 
travel movement rate (in kilometers per 4-hour period) is  
equal to the safe NOE speed (in kilometers per hour) 
multiplied by 6.  

LL+ IL 
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CHAPTER 2 
Ground Vehicle Design 

A ground vehicle, for purposes of these rules, is defined as any 
conveyance which operates in physical contactwith the ground. 
This includes wheeled vehicles, tracked vehicles, and legged 
vehicles. Ground vehicles are produced by adding components to a 
basic stnrcture. The vehicle's volume is determined first and specific 
components are then added until the volume is filled. Components 
have a weight and price; the vehicle'sweightand price are determined 
by adding together the weights and prices of its components. 

Before starting the design, there are several items which need 
to be determined. What is the tech level of the vehicle? What is 
its mission? Are there any limits on its price? 

Once these decisionsare made, takea sheetof paperand divide 
the right two-thirds of it into five columns, and label them 
Volume, Mass, Power, Surface Area, and Price. This will be your 
worksheet as you do your design. Whenever a component uses 
volume, mass, power, orchassissurfacearea, write theamount in the 
correct column. Whenever a component contributes volume, 

Once the chassis size is determined, determine its configura- 
tion. There are three general vehicle configurations: standard, 
turret, and small turret. Most vehicles, such as cars, trucks, air 1 
rafts, etc., are standard configuration. Turret vehicles, like tanks, 
have a turret which holds a large gun and one or more 
crewmembers. Small turret vehicles have a single small turret 
which holds a light weapon and sometimes a gunner (although 2 
it is often remotely controlled). 

A turret vehicle has considerable waste volume representing 
the free area around the turret to enable it to traverse and fire in 
all directions. At highertech levels, advances in engineering allow 3 
larger and larger turrets on chassis of a given size, reducing this 
inefficiency. To represent this feature in the design, all compo- 
nents mounted in the turret consume more than their actual 
volume. To determine the exact increase in volume, consult the 4 
Turret Efficiency table, below. 

5 
TURRET EFFICIENCY 

TL Volume 

surface area, or power (hulls contribute volume and surface area, 5 x5 

6 power plants contribute power) write the amount in the correct 
column but distinguish it with brackets or a "+" sign. This 
worksheet will make designing your vehicle much easier. 

STEP 1. CEIASSlS 
The first step is to determine the size and general configuration of 

the chassis. Selecta chassis size from the Chassis Size table below. All 
chassis have a rate which is the displacement of the hull in tonnes of 
liquid hydrogen (a common measure as it is the most common fuel). 
Therefore, a vehicle with a rate of 1 could hold 1 tonne of liquid 
hydrogen (provided nothing else was put in the chassis). Each "ton" 
of displacement consists of 14 cubic meters (m3) of internal space (or 
14 kl). The Chassis Size table indicates the volume (in m3), and the 
material volume of the shell (assuming a uniform thickness of 1 cm) 
in cubic meters of material. 

Note that this table is identical to that found in the stanhip 
design section of the rules, with two exceptions. First, the vehicle 
chassis listed are all assumed to be laid out as elongated six-sided 
blocks, and so have already had their material volumes modified 
accordingly. Second, the "hull length" column is omitted as 
being irrelevant to vehicle design. 

Vehicles may be designed using chassis which fall between two 
listed values on the table by means of interpolation. Larger vehicle 
chassis may be used by using the spacecraft Hull Si table (page 1 1). 
Use 1.4forthe materialvolume multipliir(MVM)foravehicle chassis. 

CHASSIS SIZE 
RatP Vnl MV 

The volume of turret components after multiplying them by 
these turreteficiencyvalues is referred to as their effectivevolume. 7 

All componentsin a small turret(see below, in Weaponry) have 
an effective volume equal to 10 times their actual volume. 

Next, the chassis itself is constructed by enclosing the chassis 
space with hull material, called hull plating. 

The VehicleandCmftConstrudion Materialstable(Sedion 1,page 
38) lists a variety of materials available a t  different tech levels, along 
with their toughness, mass per cubic meter, and their priie per cubic 
meter. Once the designer has decided on a thickness, multiply the 
hull's material volume value by the hull thickness (in centimeters) to 
deternine how many cubic meters of material is used for hull plating. 
Multiplythis by the comctvalwson thevehicleand CraftConstruc- 
tion Materials table (as modified by hull form and configuration) to 
determine mass and price. 

Hull plating maybethinnerorthickerthan 1 cm, butallchassismust 
have an armorvalue of at least 1. To determine the armor value of the 
hull plating, decide on a thickness (in centimeters) and multiply the 
thickness by the toughness of the material used to construct the hull. 

Once the base armor value (that enjoyed by all surfaces) is 
determined, the designer may decide to put additional armor on one 
ormore surfacesofthevehicle.Thisisdone byadding materialwight 
and cost to the vehicle, but it adds additional thickness (and thus 
t>rotedion) to that face. Each additional centimeter of material adds 

8 

9 

10 

11 

12 

_ _ _  . _  ... . 
0.6 

2 28 0.7 
io the material volume as shown on the following table. 13 

3 42 1 .o 
4 56 1.3 
5 70 ' 1.5 
6 84 1.8 
7 98 2.0 
8 112 2.2 
9 126 2.5 
10 140 2.7 

r*Q.rvilC.- - 
. >  .I* -11 ,*." r,. 

W i t '  I?-"- 'E 

'W't 6 ,7-*.L 

Face Increase Der cm 

Sides (both) 15% 

For example, a vehicle built around a %ton hull (42 kiloliters) has a 
materialvolumeof 1 (meaningeach centimeterofhullthicknessallthe 
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wayaround the hull requires 1 cubicmeterofadual hull material).The 
designer decided to increase the thickness of the front armor of the 1 vehicle. For each extm centimeter of front armor, add 0.1 (1 0% ofl) 
cubic meters to the total hull material. 

Once all armor is installed, the designer may further increase its 
effediveness by sloping it The top and bottom may not be sloped, 2 but the front, rear, and sides may be. Amwr may be installed at a 
moderate slope (about 30") ora radical slope (about60"). Amoderate 
slope increases the effeaive armor value of a face by 50%. A radical 
slope increases the effective armor MIW of a face by 1 W o .  

Sloping armor does not add to either the weight or price of the 
vehicle, but does subtract from its volume. The volume cost of 
sloping an armored face is expressed as a multiple of the entire 
enclosed volume of the chassis and is noted on the table below. 

ARMOR SLOPE 

3 

4 
Face Moderate Radical 

5 Sides (both) 20% 40% 

For example, a vehicle with a size 6 hull (84 kiloliters) has a 
radical slope to itsfrontal armor. This uses up 20% of the original 

Vehicles may be designed as open vehicles, meaning they are 
open-topped and partially open-sided. These vehicles sometimes 
havea glass or plastic transparentwindscreen or roof added later. 7 Open vehicles multiply their hull material volume by 0.7. They 
haw noarmoragainstoverhead attacks, and attacks from the side and 
rear are rolled for to determine if they strike armor or glass (using the 

6 volume, or 16.8 cubic meters. 

8 open vehicle rule). 

STEP 2. SUSPENSlON 
The suspension is the mechanism in contact with the ground. 

There are five specific suspension types: restricted wheel, wheel, 9 cross-country wheel, track, and walker. Different suspension 
types are available at different tech levels. Each suspension takes 
up a fixed percentage of the chassis volume. The Suspension 1 0 Table lists those values as well as the weight and price per cubic 
meter of installed suspension. 

SUSPENSION 
TL Vol Mass SA Price 

Restricted Wheel 5 1.4 0.28 70 .00035 

12 
Walker 8 2.8 2.8 80 .0028 

1 3 TL: Tech level available. 
KI: Volume in kiloliters (cubic meters) per displacement ton (1 4 

Mass: Mass in tonnes per displacement ton (14 kl) of hull. 
S A  Useful surface area in square meters is equal to the chassis 

material volume (from the Chassis Sie table) times this number. 
Thiscomputation shows thesurfacearea leftafterallowingforthe 
surface area of the suspension itself plus such standard featuresas 

kl) of hull. 

1 4 

hatches, vision devices, etc. Useful surface area is used for the 
installation of sensor and communications antennae, and other 
surface area consuming items. 

MCr: Price in millions of credits per displacement ton (14 kl) of hull. 

STEP 3. CONTROL SYSTEMS 
Vehicles require only basic mechanical controls to drive, but 

may have more sophisticated controls if a computer is installed. 
These are covered in detail in the Control Systems chapter 
(Section 4). 

STEP UFE SUPPORT 
The type of life support required by a vehicle depends largely 

on its intended mission. A variety of options for life support are 
covered in the Life Support chapter (Section 11). If any extended 
accommodations are to be fitted (such as staterooms or bunks), 
they are installed at this time. Onlyvehicles intended for very long 
trips, daysorweeks,arefittedwith bunksorstaterooms,andeven then 
they are usually intended for use by several crewpersons in rotation. 

STEP 5. ELECTRONJCS 
Electronics fall into four categories: communicators, sensors, 

electronic countermeasures (ECM), and electronic counter-coun- 
termeasures (ECCM). 

Players should be familiar with the Traveller combat rules for 
how communicators, sensors, ECM, and ECCM systems work in 
order to decide which of these systems to install. All of these 
systems are covered in the Electronics chapter (section 5). 

STEP 6. WEAPONRY 
Vehicles may be equipped with weapons, missiles, defensive 

systems,andthefirecontrolsystemsthatenablethem tofunction 
effectively. All of these are covered in the Weaponry book 
(beginning on page 91) except for defensive systems, which are 
covered in the Defenses chapter (Section 6), and fire control, 
which is in Section 14. A number of special considerations apply 
to vehicle-mounted weapons, however. 

Weapon Mounts: Vehicle-mounted guns do not require 
carriages, tripods, or other such mounts, as the vehicle itself 
serves as the mount. However, the type of vehicle mountand its 
location must be specified. There are five main types of vehicle 
mounts: chassis, turret, small turret, pintel, and open. As a sixth 
option, tac missiles may be mounted on the outside of the vehicle 
on launch rails. 

Weapons in chassis mounts emerge from one of the six faces 
of the chassis. Although fine adjustments to their bearing and 
elevation is possible, gross weapon pointing is achieved by 
repositioning the vehicle itself. 

A turret is a fully rotating armored compartment set onto the 
top of the chassis. The advantage of a turret is that it allows fire 
in any direction without without requiring the vehicle to be 
pointing or travelling in that direction. A turret (as opposed to a 
small turret) is one whose effective volume is more than 10% of 
the total chassis volume. Indirect fire weapons must be in either 
turrets oropen mounts (see below). Atthough referred tosimplyas 
"turrets" in the basicrules, these willsometimes be referred toas"main 
turrets" in the rules below to distinguish them from small turrets. 



A small turret i s  usually on top of a turret, or in the case of a 
turretlea vehicle, on top of the chassis itself, but it could be 
mounted on any face of the vehicle. Small turrets may have an 
effectivevolume of nomore than 1 O%of the totalvehiclevolume. 
If a small turret is to be manned, it must allocate volume for the 
aewmember equal to one-half the volume of the member's crew- 
station. Manned smallturretsarealsocalledcupolas, unmannedsmall 
turretsare referred toasremotemounts. Remote mountsarecontrolled 
from crewstations within the hull. The equipment necessary to 
remotely control the mount (periicopes, repeaters, etc.) is subsumed 
within the mass and price of the remote turret and crewstation (but 
see Step 8, Crew, below for fire control requirements). 

Both types of turret have front, side, top (or in the case of a belly 
turret, bottom), and rear armor equal to those values calculated 
for the entire vehicle. 

A pintel mount is a simple post or curved rail on which is 
mounted a light weapon, such as a machinegun or autocannon. 
It is usually mounted on top of the chassis or turret 

An open weapon is a large weapon mounted in the chassis of 
an open-topped vehicle. Many early self-propelled artillery pieces 
were of this configuration. Indirect fire weapons must either be 
in open mounts or turrets. 

Weapon Stabilization: Stabilization gear enables a vehicle to 
fire i ts weapons while moving; the Stabilization table (see the Fire 
Control chapter, Section 14) lists the characteristics of stabiliza- 
tion gear at various tech levels. 

Mechanical Loading Assistance: A gun may reduce its re- 
quirement for loaders by having mechanical loading assistance 
forthegun. Mechanical loading assistance iscovered in theactual 
weapon design sequences. Loading assisters have a volume of 1 
cubic meter per ton and must be located with the weapons 
mountand the ammunition. (Note thatwith mechanical loading 
assistance, the ammunition must be stored in the same part of the 
vehicle as the gun mount; i.e., in the turret for a turret-mounted 
weapon, or in the hull for a chassis or open-mount weapon.) 

Autoloader: CPR guns require one or more crew as loaders in 
addition to the gunner. All of the weapon's loaders may be 
replaced by an autoloader; weapons in remote mounts must have 
autoloaders. Autoloader characteristics are calculated during the 
weapon design sequence. Half of the autoloader's volume is in 
the part of the vehicle with the weapon mount and the rest is in 
the part of the vehicle where the ammunition is stored. 

STEP 7. POWER PLANT 
The vehicle needs a power plant to provide electric energy to 

various subsystems as well as to power the suspension. A variety 
of power plants are available and are detailed in the Power 
Production chapter (section 8). 

Fuel: Fuel tankage for the power plant is also ca kubted at this time. 
Auxiliary Water Propulsion: Amphibious tracked vehicles do 

not require auxiliary water propulsion, as their tracks act as 
paddlesand can drive them forward slowly. Wheeledamphibious 
vehicles (and tracked amphibious vehicles looking for more 
speed than their tracks will give them) may have auxiliary water 
propulsion. Auxiliary water propulsion occupies volume equal to 
0.05 of the power plant volume. It masses 1 tonne per cubic 
meter and costs MCrO.OO1 per cubic meter. 

STEP 8. TRANSMlSSlON 
Ground vehicles must have a transmission. The size of the 

transmission depends on the tech level of the vehicle and the 
output of the power plant. 

WHEEL AND TRACKED TRANSMISSIONS 
TL V o l n  Vol/W Price ~ 

3 -  

6 2 1 1250 

WALKER TRANSMISSIONS 
TL VOl/L Price 

TL Tech level of availability 
Vol/T Volume (in cubic meters) of a tracked vehicle suspen- 

sion per MW of power output. 
Vol/W Volume (in cubic meters) of a wheeled vehicle suspen- 

sion per MW of power output. 
Vol/L Volume (in cubic meters) of a legged (walker) vehicle 

suspension per MW of power output. 
Price: Price (in MCr) per cubic meter of installed transmission. 
Mass: The mass (in tonnes) of the transmission is equal to its 

volume (in cubic meters) 

STEP 9. CREW 
Each vehicle crewmember requires a crewstation, and each 

passenger requires a seat. 
Crewstations:Two typesof crewstationsare possible: cramped 

and open. Open vehicles may have cramped crewstations while 
enclosed vehicles must have open crewstations. Both types are 
listed in the Controls chapter (Section 4). The crewstations must 
be from the same tech level as the controls installed in Step 3. 

Seats: Passenger seats are found in the Optional Features 
chapter (Section 7). 

Eachvehicle quiresa driver. Avehidecommanderisoptional but 
recommended on enclosed armored fighting vehicles. If the vehicle 
has a main tumc the commander's station must be in the turret 

If one or more weapons are installed, a gunner is required, and 
a loader may be necessary as well. A gunner may fire more than 
one weapon, but he may only fire weapons controlled from his 
station (called a weapon station). One station may control all 
weapons mounted on the same side of the chassis or in any part 
of a turret. One station is required for each small turret unless it 
is remotely controlled. One station may control any number of 
remote turrets, but a gunner may never operate more than one 
weapon in a single turn. A weapon station must be in the same 
partof thevehicleasthe weaponscontrolled, exceptthata turret- 
mounted weapon may be controlled from the chassis and 
remote-mounted weapons may be controlled from anywhere. 

Fire Control: During the weapon design sequence, fire control 
systemsare specified for various weapons. However, the designer 
should note that for vehicle-mounted weapons, fire control 
systems must be provided for each weapon station, not just for 
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each weapon. For a vehicle with only one weapon and only one 
gunner, this distinction is immaterial, but if that same vehicle were 
designed to allow the gun to be fired from two separate weapon 
stations, each would require a separate fire control system. 

If the weapon station controlling a weapon is in a different part 
of the vehicle from the weapon itself, the volume of the fire 
control equipment is dwided evenly between the two locations. 

Weapon stations that only control small arms ortac missiles do 
not require fire control systems. However, tac missile weapon 
stations are equipped with tac missile control units (see page 149). 

STEP 11. CARGO 
All remaining volume may be allocated to ammunition stow- 

age, cargo space, or declared waste volume. Waste volume has 
no effect on the design. 

Ammunition stowage has no cost but adds the weight of the 
ammunition to the loaded weight of the vehicle. 

Cargo volume has no cost but adds to the loaded weight of the 
vehicle. Multiply the cargo volume, in cubic meters, by 0.25 to 
determine the addition, in metric tonnes, to the vehicle’s loaded 
weight. 

DESlGN EV’ATlON 

determine its game ratings. 
Once the design is complete, you will need to evaluate it to 

1. Check Step 
Go back and add up the volume, price, surface area, and mass 

of all the components. This is your chance to check to make sure 
that its internal occupied volume and area of surface fixtures are 
withinwhatisallowed bythesizeof its hulLThisstepalso provides 
you with a total price and mass. 

2. Record Design Features 
Most of the evaluation of your design will consist of recording 

the features already determined by the design, such as armor 
values, weapon statistics, installed electronics, crew, passengers, 
etc. Note the volume of the original chassisas its transportvolume 
(thespace ittakes up in the holdofastarship ortransportvehicle). 

At the same time, total the price of the vehicle and its empty 
and loaded weights. Empty weight is the vehicle without any 
ammunition, fuel, cargo, crew, or passengers. Thisisessentiallythe 
weghtofthevehicleasitcomesofftheassemblyline,and isalsowhat 
it weighs when being tmnsported by another vehicle or starship. 

Loaded weight includes a full load of ammunition, full cargo 
(0.25 tonnes per cubic meter), and a weight allowance of 100 
kilograms per passengerand crew. This is its typical weightwhen 
in operation. 

Flotation: Determine enclosed volume. To do so, first add up 
actual turret volume, then add up the effective turret volume. 
Subtract the effective turret volume from the vehicle‘s transport 
volume (thevolume of its nominal chassissize)andadd theactual 
turret volume. The result is the vehicle’s enclosed volume. Divide 
the enclosed volume by the vehicle’s loaded weight in metric 
tonnes. If the result is greater than 1, the vehicle floats; if it is 1 or 
less, the vehicle will not float. 

Suspension Damage Resistance: Compute suspension dam- 

age resistance (SDR): for tracked vehicles, this is the suspension‘s 
armor value; for wheeled and walker vehicles, its critical damage 
level (seeTNE page 300). Theseare based on the vehicle’s chassis 
size in displacement tons as chosen in Step 1. 

Tracked SDR = 2 x chassis size, Wheeled SDR = 1 + chassis size, 
Walker SDR = chassis size. 

3. Determine Movement 
Movement of ground vehicles is based on top road speeds and 

cross-country speeds, both of which are determined by the 
vehicle’s loaded power-to-weight ratio as well as its suspension. 
For purposes of the power-to-weight calculations, the vehicle’s 
motive power is the total output of its power plant minus energy 
used to run other systems (such as life support, electronics, 
weapons, etc.). 

Road Speed: 
Base road speed in kilometers per hour = 5 + ([MWt LWIx2500) 

MW Vehicle motive power in megawatts 
L W  Loaded weight of the vehicle in tonnes 

Tracked and wheeled vehicle modifiers 
Each tech level above 5 +1 kph 
If wheeled +10 kph 
If light wheeled* +15 kph 
If legged x0.25 kph 

*To qualify for the lightwheeled bonus, vehicle must be equal 
to or less than the listed weight (in tonnes)for its tech level on the 
following table: 

LGHT WHEELED VEHICLES 
TL Weight 

6 10- 
7 15- 
8 20- 
9 2 5- 
10 30- . .  

35- 
* <  

11 
12 40- 

TL: Tech level a t  which vehicle appears. 
Weight: Maximum weight of a light vehicle a t  that tech level. 

Cross-Country Speed: 

have on a road. 

suspension used. 

Legged vehicles have the same speed cross-country as they 

Wheeled vehicle cross-country speed depends on the type of 

m e  cross-country 

Wheel 0.2 - 
9 - ,  % * 

Cross-country Wheel 0.4 

Type: Suspension type installed on vehicle. 
Cross-Country: Cross-country speed in kph equals road speed 

times th is  multiplier. 
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Tracked vehicle cross-country mobility depends on the power- 
to-weight ratio of the vehicle. 

P/W T 

.004-.0079 0.5 

P/W: Power-to-weight ratio. Divide vehicle’s motive power in 
megawatts by i ts  loaded weight in tonnes. Use the line that 
corresponds to the result. 

T: Tracked multiplier. Cross-country speed in kph equals road 
speed times this multiplier. 

Water Speed: Tracked vehicles without auxiliarywater propul- 
sion and wheeled vehicles with auxiliary water propulsion have a 
water speed equal to their road speed multiplied byO.l. Tracked 
vehicles with auxiliarywater propulsion have a waterspeed equal 
to their road speed multiplied by 0.2. 

Combat Move: The safe combat movement (in meters per 
turn) is the vehicle’s maximum speed, in kilometers per hour, 
multiplied by0.463, rounding the resultto the nearest increment 
of 5. This calculation is made separately for road, off-road, and 
water movement based on the maximum road, off-road, and 
water speeds. 

Travel Move: The vehicle’s travel movement rate (in kilome- 
ters per4-hour period) is equal to its safe combat move (in meters 
per turn) multiplied by 4.32, rounded to the nearest increment 
of 5. 

4. Firing Characteristics 

well as the effects of installed stabilization and fire control. 
Records the firing characteristics of each mounted weapon as 

5. Determine Maintenance Points 

modifier appropriate to tech level as shown below. 
Divide the loaded mass of the vehicle by the maintenance 

TL Maintenance Modifier 

6-7 3 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

’** 12 . I 
_ .  

8-9 4 
10-1 2 5 

16+ 8 
13 - 

Any ground vehicle which has two full-size computers (model 
S t  or Fb) installed should divide this result by 4 to get final 
maintenance points. 
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CHAPTER 3 
1 Lift Vehicle Design 

A lift vehicle is a transition between ground vehicles and 
aircraft, and has some of the characteristics of each. Lift vehicles 
are those which are, literally, lifted or levitated off the ground by 2 some means other than wings. In the basic design rules there are 
two means of lifting a vehicle: contra-gravity and air cushion. 

Lift vehicles are produced by adding components to a basic 
structure. The vehicle's volume is determined first, and specific 3 components are then added until the volume is filled. Compo- 
nents have a mass and price; the vehicle's mass and price are 
determined by adding together the masses and prices of its 

Before starting the design, there are several items which need 
to be determined. What is the tech level of the gravvehicle? What 
is its mission? Are there any limits on its price? 

Once these decisionsare made, takea sheetof paperand divide 
the right two-thirds of it into five columns, and label them 
Volume, Mass, Power, Surface Area, and Price. This will be your 
worksheet as you do your design. Whenever a component uses 6 volume, mass, power, or chassis surface area, write the amount 
in the correct column. Whenever a component contributes 
volume, surface area, or power (chassis contribute volume and 
surface area, power plants contribute power) write the amount 7 in the correct column, but distinguish it with brackets or a "+" 
sign. This worksheet will make designing your vehicle much 
easier. 

4 components. 

5 

8STEP 1. CHASSIS 
The first step is to determine the size and general configuration 

of the chassis. Select a chassis size from the Chassis Size table 9 below. All chassis have a rate which is the displacement of the hull 
in tonnes of liquid hydrogen (a common measure as it is the most 
common fuel). Therefore, a vehicle with a rate of 1 could hold 1 
tonne of liquid hydrogen (provided nothing else was put in the 1 0 chassis). Each "ton" of displacement consists of 14 cubic meters 
(m3) of internal space (or 14 kiloliters). The Chassis Size table 
indicates the volume (in cubic meters), and the material volume 
of the shell (assuming a uniform thickness of 1 centimeter) in 

Note that this table is identical to that found in the starship 
design section of the rules, with two exceptions. First, the vehicle 1 2 chassis listed are all assumed to be laid out as elongated six-sided 
blocks, and so have already had their material volumes modified 
accordingly. Second, the "hull length" column is omitted as 
being irrelevant to vehicle design. 

Lift vehicles may be designed using chassis which fall between 
two listed values on the table by means of interpolation. Larger 
vehicle chassis maybe used by using the spacecraft Hull Size table 
on page 11. Use 1.4 forthe material volume multiplier(MVM)for 

1 1 cubic meters of material. 

1 3 

14 a vehicle chassis. 

CHASSIS SIZE 
Rate Vol MV 

9 90 n 7  
L L O  U. I 

w 
3 " . '  - 42 1 .o 
4 56 1.3 

h 1 8  - . .- .* 
7 98 2.0 

2.2 8 112 
9 ' 126 2.5 
10 140 2.7 

* , -  

Once the chassis size is determined, determine its configura- 
tion. There are five general chassis configurations: Simple, Fast 
Subsonic, Transonic, Supersonic, and Hypersonic. Each of these 
represents progressively more streamlined chassis which can 
reach higherand higher speeds. Aircushion vehicles mayonlyuse 
simple chassis; grav vehicles may use any chassis shown. 

Each chassis size has a volume cost, which is the waste volume 
consumed by streamlining, as well as a variety of other values 
used in later calculations. 

IJFT VEHICLE CHASSIS CONFIGURATIONS 
Vol SA Price Max Eff 

Su Derson ic 0.20 60 1.04 2800 1.00 
Hypersonic ' 0.30 . 55 1.1 + . 5000 1.00 

Vol: Waste volume consumed by streamlining is equal to the 
total volume of the chassis multiplied by this value. 

SA: Useful sutface area in square meters is equal to the chassis 
material volume (from the Chassis Size table) times this number. 
This computation shows the surface area left after allowing for 
standard features such as hatches, vision devices, intakes, ex- 
hausts, lifterplates, landingskids,etc. Usefulsurfaceis usedforthe 
installation of sensor and communications antennae, and other 
surface area consuming items. 

Price: The price of the hull plating is its normal materiil cost 
times the value shown on the chart. 

Max: The maximum atmospheric speed of the chassis in 
kilometers per hour. 

E f f  The efficiency of the chassis, used to calculate maximum 
speed. 

Once the chassis configuration is chosen, the chassis itself is 
constructed by enclosing the chassis space with hull material, 
called hull plating. 

The Vehicle and Craft Construction Materials table (Section 1, 
page 38) lists a variety of materials available at different tech 
levels, along with their toughness, mass per cubic meter, and 
their price per cubic meter. Once the designer has decided on a 
thickness, multiply the hull's material volume value by the hull 

22 



thickness (in centimeters) to  determine how many cubic meters 
of material is used for hull plating. Multiply this by the correct 
mass value on thevehicle and Craft Construction Materials table 
to determine mass. Price in millions of credits is determined by 
multiplying material volume by hull thickness in centimeters, the 
correct price multiplier from the Vehicle and Craft Construction 
Materials table, and the price modifier from the Lift Vehicle 
Chassis Configuration table. 

Hull plating may be thinner or thicker than 1 centimeter, but 
all chassis must have an armor value of at least 1. To determine 
the armor value of the hull plating, decide on a thickness (in 
centimeters) and multiply the thickness by the toughness of the 
material used to construct the hull. 

Once the base armor value (that enjoyed by all surfaces) is 
determined, the designer may decide to put additional armor on 
one or more surfaces of the vehicle. This is done by adding 
material weight and cost to the vehicle, but it adds additional 
thickness (and thus protection) to that face. Each additional 
centimeter of material adds to the material volume as shown on 
the following table. 

Face Increase Der cm 
'"'''''''''''''''''. Front at- 1W 

For example, a vehicle built around a 3-ton hull (42 kiloliters) 
has a material volume of 1 (meaning each centimeter of hull 
thickness all the way around the hull requires 1 cubic meter of 
actual hull material). The designer decided to increase the 
thickness of the front armor of the vehicle. For each extra 
centimeter of frontarmor, add 0.1 (1 OYoof 1) cubic meters to the 
total hull material. 

Once all armor is installed, the designer may further increase its 
effectiveness by sloping it The top and bottom may not be 
sloped, but the front, rear, and sides may be. Armor may be 
installed ata moderateslope (about 30") ora radicalslope (about 
60"). A moderate slope increases the effective armor value of a 
face by 50%. A radical slope increases the effective armor value 
of a face by 100%. 

Sloping armor does not add to either the weight or price of the 
vehicle, but does subtract from its volume. The volume cost of 
sloping an armored face is expressed as a multiple of the entire 
enclosed volume of the chassis and is noted on the table below: 

ARMOR SLOPE 
Face Moderate Radical 

Sides (both) 20Yo 4oYo 

For example, a vehicle with a size 6 hull (84 kiloliters) has a 
radical slope to its frontal armor. This uses up 20% of the original 
volume, or 16.8 cubic meters. 

Simple chassis must have at leasta moderate frontal slope. Fast 
subsonic chassis must have a radical frontal slope. 

Vehicles may be designed as open vehicles, meaning that they 
are open-topped and partially open-sided. These vehicles some- 
times have a glass or plastictransparentwindscreen or roof added 
later. Open vehicles multiply their hull material volume by 0.7. 
They have no armor against overhead attacks and attacks from 
the side and rear are diced for to determine if they strike armor or 
glass (using the open vehicle rule). 

Turrets: Any vehicle may be built as a turreted vehicle. A 
turreted vehicle has a large main turret mounting a powerful 
weapon. There is considerable waste volume representing the 
free area around the turret to enable it to  traverse and fire in all 
directions. All components mounted in a large main turret 
consume more than their actualvolume. To determine the exact 
increase in volume, consult the Turret Efficiency table, below. 

TURRET EFFICIENCY 
TL Volume 

The volume of turret components after multiplying them by 
these turretefficiencyvalues is referred to as their effectivevolume. 

All components in a small turret (see below, in Weaponry) have 
an effective volume equal to 10 times their actual volume. 

In addition, turreted vehicles are less aerodynamic than non- 
turreted vehicles. For each 1 % of the total chassis volume (after 
reductionsfor hull slope) that is devoted to effectiveturretvolume, 
the maximum speed of the chassis will be reduced by 1% (see 
page 26, "Determine Movement"). 

Main turrets (see Step 6, Weaponry, below) must be locked in 
the forward position during high-speed flight or the vehicle will 
become unstable and risk crashing. The maximum safe speed of 
any lift vehicle while slewing its turret is 300 kilometers per hour. 
(Lift vehicles may fly at higher speeds while slewing their turrets, 
but the drivers must make skill rolls to avoid a mishap according 
to the normal overdriving rules.) Small and airborne type turrets 
(see Step 6, Weaponry, below) have no such penalty. 

STEP 2. SUSPENSlON 
The suspension is the mechanism in contact with the ground. 

There are four specific suspension types: air cushion, standard 
contra-grav, improved contra-grav, and high-effeciency contra- 
grav. Different suspension types are available at different tech 
levels. Each suspension takes upa fixed percentage of the chassis 
volume. The suspension table lists those values as well as the 
weight and price per cubic meter of installed suspension. 

Contra-gm negates the gravitational force of over 99% of the 
vehicle's weight This allows light lii vehicles to actually be buoyant 
on worlds with sufficiently dense atmospheres. However, all contra- 
gravvehiclesareassumed to havevedored thrustagenciesto hold up 
the remaining fraction of their weight, allowing them to hover. 

If air cushion suspension is installed, usable surface area must 
be multiplied by 0.6 to allow for the tremendous space taken up 
by this suspension type. 
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SUSPENSION STEP 5. ELECTRONlCS 
TL Vol Mass Price M W  Min Vol Electronics fall into four categories: communicators, sensors, 

electronic countermeasures (ECM), and electronic counter-coun- 
termeasures (ECCM). 

Players should be familiar with the Traveller combat rules for 
how communicators, sensors, ECM, and ECCM systems work in 
order to decide which of these systems to install. All of these 
systems are covered in the Electronics chapter ( W o n  5). 

STEP 6. WEAPONRY 
Vehicles may be equipped with a wide variety of weapons. All 

of theseare covered in the Weaponrysection, beginning on page 
91, except for defensive screens, which are covered in the 
Defenses chapter (Section 6). A number of special considerations 
apply to vehicle-mounted weapons, however. 

STEP 3. CONTROL SYSTEMS Weapon Mounts: Vehicle-mounted guns do not require 
carriages, tripods, or other such mounts, as the vehicle itself 
serves as the mount. However, the type of vehicle mount and its 
location must be specified. There are five main types of vehicle 
mounts: chassis, turret, small turret, pintel, and open. As a sixth 
option, tac missiles maybe mounted on the outside of the vehicle 
on launch rails. 

Weapons in chassis mounts emerge from one of the six faces 
of the chassis. Although fine adjustments to their bearing and 
elevation is possible, gross weapon pointing is achieved by 
repositioning the vehicle itsetf. 

A turret i s  a fully rotating armored compartment set onto the 
main vehicle chassis (it is usually on top of the chassis, but in the 
case of contra-gravvehicles, a turret could as easily be on the belly 
to allow the vehicle to fire a t  ground targets as it flies over them). 
The advantage of a turret is that it allows fire in any direction 
withoutwithout requiring thevehicle to be pointing ortravelling 
in that direction. A turret (as opposed to a small turret) is one 
whose effective volume is more than 10% of the total chassis 

volume. Indirect fire weap- 
ons must be in either turrets 
or open mounts (see below). 
Although referred to simply 
as “turrets” in the basic rules, 

,I these will sometimes be re- 
ferred to as “main turrets” in 
the rules below to distinguish 
them from small turrets, and 
from the aircraft-style turrets 

A small turret is usually on 
top of a turret, or in the case 

~ of a turretless vehicle, on top 
of the chassis itself, but it 
could be mounted on any 
face of the vehicle. Small tur- 
rets may have an effective 
volume of no more than 1 OYo 
of the total vehiclevolume. If 
asmall turretistobe manned, 

TL: Tech level available. 
MW: Power requirement per displacementton (14 kl) of hull. 
K1:Volume in kiloliters (cubic meters) per displacement ton (1 4 

Mass: Mass in tonnes per displacement ton (14 kl) of hull. 
MCr: Price in megacredits per displacement ton (14 kl) of hull. 
Min Vol: Smallest installation volume allowed. 

3 kl) of hull. 

4 

Control systems fall into three categories: the actual vehicle 5 controls, computers, and navigational aids. These are covered in 
detail in the Controls chapter (Section 4). Note that some control 
systems may not be installed on high-speed chassis. 

The tech level of the control system must be equal to or greater 

CG-equipped vehicles require flight avionics and flight com- 
6 than the tech level of the installed suspension. 

puters; air cushion vehicles do not. 

7STEP 4 UFE SUPPORT 
The type of life support required by a vehicle depends largely 

on its intended mission. A variety of options for life support are 
8 covered in the Life Support chapter (Section 1 1). If any extended 

accommodations are to be fitted (such as staterooms or bunks) 
theyare installedatthistime. Onlyvehiclesintendedforvery long 
trips, days orweeks, are fitted with bunks orstaterooms, and even 9 then they are usually intended for use by several crewpersons in 
rotation. 
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it must allocatevolume forthe crewmember equal to one-half the 
volume of the member's crewstation. Manned small turrets are 
also called cupolas, unmanned small turrets are referred to as 
remotemounts. Remote mounts are controlled from crewstations 
within the hull. The equipment necessary to remotely control the 
mount (periscopes, repeaters, etc.) is subsumed within the mass 
and price of the remote turret and crewstation (but see Step 8, 
Crew, below for fire control requirements). 

Both types of turret have front, side, top (or in the case of a belly 
turret, bottom), and rear armor equal to those values calculated 
for the entire vehicle. 

A pintel mount is a simple post or curved rail on which is 
mounted a light weapon, such asa machinegun or autocannon. 
It is usually mounted on top of the chassis or turret, and are 
particularly popular for open vehicles. 

An open weapon is a large weapon mounted in the chassis of 
an open vehicle. Indirect fire weapons must be in either open 
mounts or turrets. 

Lift vehicles may also mount weapons in any of the mounts 
listed in the Airborne Weapons Mounts chapter (page 152). 

Fixed airborne mounts have no weight or drag. Main turrets 
have no drag points(as the drag of the turret is already calculated 
into the lower maximum speed of this chassis configuration). 
Hardpoints only have drag when ordnance or a bomb rack is 
mounted. Drag disappears when the weapons are dropped or 
launched. Airborne turrets from page 152 always incur a drag 
penalty. 

Ordnance hardpoints are generally located on the top and 
sides of the chassis. Normally, a lift vehicle has room for up to four 
hardpoints on the hull top, although this i s  reduced to two 
hardpoints on turreted vehicles. All hull hardpoints count as 
inboard hardpoints from the Airborne Weapons Mounts chapter 
(page 152). Additional hardpoints can be mounted on stub 
wings, one attached to each of thevehicle'ssides. Each stub wing 
can have one inboard hardpoint, one outboard hardpoint, and 
one wingtip launch rail. 

Inboard wing hardpoints (and vehicle hull hardpoints) can 
carry up to 1500 kilograms of ordnance, or 7.5% of the total 
weight of the vehicle, whichever is greater, while outboard 
hardpoints can carry up to 500 kilograms of ordnance, or 2.5% 
of the vehicle's loaded weight, whichever is greater. 

Multiple bomb/missile racks may be attached to each hard- 
point, as well as single weapons. 

Fueldroptanksmay beattached toinboardstubwing hardpoints 
if they have fuel-intake plumbing. Note that the Airborne Weap- 
ons Mounts chapter includes different values for plumbed and 
"dry" hardpoints. 

Launch rails for missiles weighing no more than 100 kilograms 
may be installed on stub wingtips. 

Stabilization: Stabilization gear enables a vehicle to fire its 
weapons while moving; see the Weapon Stabilization rules in the 
Fire Control chapter (Section 14) for characteristics. 

Fixedforward-firing weaponsdo notrequire stabilization to fire 
while moving. 

Mechanical Loading Assistance: A gun may reduce its re- 

quirement for loaders by having mechanical loading assistance 
forthegun. Mechanical loading assistance iscowredin theactual 
weapon design sequences. Loading assisters have a volume of 1 
cubic meter per ton and must be located with the weapons 
mountand the ammunition. (Note thatwith mechanical loading 
assistance the ammunition must be stored in the same partof the 
vehicle as the gun mount.) 

Autoloader: Guns require one or more crew as loaders in 
addition to the gunner. All of the weapon's loaders may be 
replaced by an autoloader; weapons in remote mounts must have 
autoloaders. Autoloader characteristics are calculated during the 
weapon design sequence. Half of the autoloader's volume is in 
the part of the vehicle with the weapon mount and the rest is in 
the part of the vehicle where the ammunition is stored. 

STEP 7. POWER PLANT 
The vehicle needsa power plant to provide electrical energy to 

various subsystems, as well as to power the lifting agency. A 
varietyof powerplantsareavailableandaredetailed in the Power 
Production chapter (Section 8). 

Gmvandaircushionvehiclesalso requirethrust,astheirsuspensions 
serve onlyto hold them up, notmovethemforward.The power plant 
on these vehicles is modifiid to provide thrust by the addition of 
propellers, a combustion chamber, or to power a more exotic 
maneuver drive. Thevariety of thrustersavailable is detailed in the Sub- 
Light (Maneuver) Drive chapter (Section 9). 

Fuel tankage for the power plant and thruster are also calcu- 
lated a t  this time. 

STEP 8. CREW 
Each vehicle crewmember requires a crewstation, and each 

passenger requires a seat. 
Crewstations: Two types of crewstations are possible: cramped 

and open. Open vehicles may have cramped crewstations while 
enclosed vehicles must have open crewstations. Both types are 
listed in the Controls chapter (Section 4). The crewstations must 
be from the same tech level as the controls installed in Step 3. 

Seats: Passenger seats are found in the Optional Features 
chapter (Section 73. 

Eachwhicle quiresa diiver. Avehicle commander isoptional, but 
recommended on endosed armored fighting vehicles. If the vehicle 
has a turret, the commander's station must be in the turret 

If one or more weapons are installed, a gunner is required, and 
one or more loaders may be necessary as well, as specified in the 
weapon design sequence. A gunner may fire more than one 
weapon, but may only fire weapons controlled from his station 
(called a weapon station). One station may control all weapons 
mounted on the same side of the chassis or in any part of a turret. 
One station is required for each small turret unless it is remotely 
controlled. One station may control any number of remote 
turrets, but one gunner may only fire one weapon per combat 
turn. Aweapon station must be in the same part of the vehicle as 
the weapons controlled, except that a turret-mounted weapon 
may be controlled from the chassis, and remote-mounted weap- 
ons may be controlled from anywhere. 
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Fire Control: During the weapon design sequence, fire control 
systems are specified for various weapons. However, the designer 1 should note that for vehicle-mounted weapons, fire control 
systems must be provided for each weapon station, not just for 
each weapon. For a vehicle with only one weapon and only one 
gunner, this dBtindion is immaterial, but if that same vehicle were 2 designed to allow the gun to be fired from two separate weapon 
stations, each would require a separate fire control system. 

If the weapon station controlling a weapon is in a different part 
of the vehicle from the weapon itsetf, the volume of the fire 3 control equipment is divided evenly between the two locations. 

Weapon stations that only control small arms ortac missiles do 
not require fire control systems. However, tac misilk weapon 

4 stations are equipped with tac missile control units (see page 149). 

All remaining volume may be allocated to ammunition stow- 
5 age, cargo space, or declared waste volume. Waste volume has 

no effect on the design. 
Ammunition stowage has no cost, but adds the weight of the 

ammunition to the loaded weight of the vehicle. 
Cargovolume has no cost, butadds to the loaded weight of the 

vehicle. Multiply the cargo volume, in cubic meters, by 0.25 to 
determine the addition, in tonnes, to the vehicle’s loaded weight. 

STEP 9. CARGO 

6 

7 DESlGN E V . A T l O N  
Once the design is complete, you will need to evaluate it to 

determine its game ratings. 

1. Check Step 
Go backand add up the volume, price, surface area, and mass 

of all the components. This is your chance to check to make sure 9 that its internal occupied volume and area of surface fixtures are 
withinwhat isallowed bythesize of its hull.ThisstepaIso provides 
you with a total price and mass. 

10 2. Record Design Features 
Most of the evaluation of your design will consist of recording 

the features already determined by the design, such as armor 
values, weapon statistics, installed electronics, crew, passengers, 1 1 etc. Notethevolumeoftheoriginalchassisasitstransportvolume 
(thespaceittakes upin the hold ofastarshiportransportvehicle). 

At the same time, total the price of the vehicle and its empty 12 and loaded weights. Empty weight is the vehicle without any 
ammunition, fuel, cargo, crew, or passengers. Thisisessentiallythe 
weghtof the vehicle as it comes off the assembly line, and is also what 
it weighs when being bansported by another vehicle or starship. 

Loaded weight includes a full load of ammunition, full cargo 
(assume 0.25 tonnes per cubic meter), and a weig ht allowance of 1 00 
kilogramsperpassengerand aew.Thisisitstypica1 operating weight 

Suspension Critical Damage Level: Only air cushion suspen- 
14 sions have a critical damage level (CDL, see TNE page 300); 

CDL is equal to the air cushion vehicle‘s chassis volume 

13 

contragrav vehicles simply use their hull armor. 

(selected in Step 1) in displacement tons. 

3. Determine Movement 
Movement of liivehides is based on their thrust  The C rating of 

a IiFtvehicle is its total thrust in tonnes divided by 10 times its hull 
displacement (in displacement tons). Its maximum speed (in 
kilometers per hour) in an atmosphere is determined as follows: 

If G = 1 or less, speed = (G x 3500) x Eff 
If C = 2 or less, but more than 1, speed = (3500 + 

If G = more than 2, speed = (4700 + [6OO(G-2)]} x Eff 
Eff = chassis configuration efficiency (from Step 1) 
Maximum speed cannot be greaterthan the maximum design 

speed of the chassis type. Maximum speed is reduced by drag 
and size of main turrets. Note the total number of drag points 
from the weapons mounts installed, again both with and without 
external stores and add the percent of chassis volume taken up 
by effective turret volume (see page 23). Reduce the maximum 
speed by 1 % for each point. 

Cruising Speed: A lift vehicle’s cruising speed is 75% of its 
maximum speed. 

Minimum Speed: Lift vehicles have no minimum speed. 
Contragrav vehicles are assumed to have vectored thrdst capa- 
bilities which allow them to hover. 

NOE Speed: Only gravvehicles have an NOE speed. Cravvehides 
haw a safe NOE speed equal tothe maximum allowed bytheirtermin- 
following avionics (40 kilometers per hour if no avionics are installed) 
or onequarter of their maximum speed, whichever is less. 

Combat Move: The safe NOE combat movement (in 1 0-meter 
grid squares per combat turn) is equal to the vehicle’s maximum 
NOEspeed (in kilometers per hour) multiplied byO.139, rounded 
to the nearest whole number. The high mode combat movement 
(in 10-meter grid squares per combat tum) is equal to the vehicle’s 
maximum flight speed (in kilometers per hour) multiplied byO.139. 

Travel Move:The high mode travel movement rate (in kilome- 
ters per 4-hour period) is equal to the cruising speed (in kilome- 
ters per hour) multiplied by 4. The NOE mode travel movement 
rate (in kilometers per 4-hour period) is equal to the safe NOE 
speed (in kilometers per hour) multiplied by 6. 

[1200(C-l)]} x Eff 

4. Firing Characteristics 

well as the effects of installed stabilization and fire control. 
Record the firing characteristics of each mounted weapon as 

5. Determine Maintenance Points 
Divide the loaded mass of the vehicle by the maintenance 

modifier appropriate to tech level as shown below: 
TL Maintenance Modifier 
4-5 2 _ -  - 
6- / 5 . / ’  
8-9 4 
10-1 7 5 . -  .- - 
13-15 6 
16+ 8 

Any lift vehicle which has two full-size computers (model St or Fb) 
installed should divide this result by4 to get final maintenance poinb. 
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CHAPTER 4 
Aircraft Design 

There are three general types of aircraft fixed-wing, rotary-wing, 
and lighter-than-air. 

Fixed-wing aircraft depend on their airframes and their associated 
wings to produce the lift that enables them to fly. Fixed-wing aircraft 
may be propelled by any powersource that pducesthrust; unpowered 
fixed-wing aircraft are called gliders. 

Rotary-wing aircraft rely on lift generated by rapidly rotating 
airfoilcotor blades-in order to fly. The principal type of rotary- 
wing aircraft is the helicopter, which uses a power plant to spin its 
rotor and thus generate lift 

Autogyros are rotary-wing aircraft but with an unpowered rotor. 
Like fixed-wing aircraft, they generate lift by accelerating laterally 
and causing air to pas over their airfoil (which in this case happens 
to be a free-rotating rotor instead of a conventional fixed wing). As 
their configuration and operation are very similar to a fixed-wing 
aircraft, they are treated as a special case of fixed-wing design. 

Lighter-than-air aircraft, called airships hereafter in this rule, 
include a range of craft from unpowered balloons to giant airships 
used as scheduled passenger liners or military reconnaissance and 
bombardment platforms. 

All aircraft follow the same general design sequence outline, 
although the details differ depending on the type of aircraft being 
designed. 

Step 1: Weight 
Weight is the limiting factor in designing all aircraft, Weight is 

expressed in metric tonnes in one standard gravity (1 C). 
Fixed-Wing Aircraft: The weight selected by the designer for a 

fixed-wing aircraft is the aircraft's maximum weight without external 
stores. This includes the weight of the empty aircraft, a full internal 
fuel load, the crew, passengers, cargo, weapons, and ammunition. 

Externally carried stores may increase the weight and add drag, 
affecting top speed. Up to 35% of the aircraft's maximum internal 
weight may be carried as external stores, depending on available 
hardpointr. The maximum internal weight plus its maximum exter- 
nal stores weight equals the aircraffs maximum takeoff weight. 

Rotary Aircraft The weig ht selected by the designer for a rotary- 
wing aircraft is its maximum takeoff weight. 

Airships: The weight selected by the designer of an airship is its 
useful lift weight. 

Step 1 A  Envelope (Airships Only) 
Liftgenerated by lighter-than-airgases and thevolume needed to 

hold the lifting gases are the two constraints on the useful lift of an 
airship. Once the useful lift has been determined, calculate the 
envelope needed to produce that lift. 

There are two types of envelopes possible, rigid and non-rigid, and 
threecommon typesof lifting gasses, hydrogen, helium, and heated air. 

A rigid envelope is constructed of a metal framework with a fabric 
(or, at highertech levels, thin metal) covering. Anon-rigid envelope 
is constructed of fabric without the metal frame. The table below 
shows the weight of both envelope types per displacement ton (1 4 
cubic meters) of envelope according to tech level. 

Hydrogen provides 15 kilograms of lift per displacement ton (1 4 
cubic meters) in a lift envelope. Helium provides 14 kilograms per 
displacement ton and heated air provides 12 kilograms. 

By subtracting the weight of the envelope per displacement ton 
from theliftofthegasin theenvelope, the useful lift perdisplacement 
ton is derived. To determine the total volume of the envelope in 
displacement tons, divide thedesigned useful lift of the airship bythe 
useful lift per ton of the envelope. The result is the total volumeof the 
envelope in displacement tons. 

These values, along with the prices of the envelopes, are summa- 
rized on the following table: 

1 

2 
Useful Lift 

(Atmosphere 6, 7) 3 

4 

5 

Jvpe TL Wt MCr H He HA SM 

wt: Weight, in tonnes, per displacement ton of envelope. 
MCr: Price, in millions of credits, per displacement ton of enve- 

H: Useful lift, in tonnes, per displacement ton of hydrogen 

He: Useful lift, in tonnes, per displacement tonof helium envelope. 
HA: Useful lift, in tonnes, per displacement ton of heated atmo- 

SM: Speed multiplier. Multiply this value by the maximum speed 8 

6 
lope. 

envelope. 7 

sphere envelope. 

on the Envelope Configuration table on page 28 to find the 
maximum speed at that tech level. 

The lift values on the previous table are for an atmosphere with 9 
standard pressure (Type 6 or 7). Total lift i s  increased 20% in 
Atmosphere Types 8 and 9, which changes the useful lift to that 
shown on the table below. Lift is insufficient to produce a working 
airship in Atmosphere 5 or less. 10 

11 

12 

13 

Useful Lift 
(Atmosphere 6, 7) 

.009 .0078 .0054 0.6 
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Gaseous hydrogen costs CrlO per displacement ton. Caseous 
helium costs Cr30 per displacement ton on worlds where it is 1 available. (Gaseous helium is available on about 50% of the worlds 
in the game.) 

Once the type of envelope is selected, the configuration is  chosen 
from the Envelope Configuration table on page 29. Five configura- 
tions are available. 

Balloon: Balloon configuration is a non-rigid spherical gas bag 
from which a passenger or cargo compartment is suspended. Many 
balloons are tethered to the ground and are raised to provide 
elevated observation platforms. Non-tethered balloons are almost 3 exclusively winddriven and free-floating. Propulsion is difficult due 
to their bulky and unstable nature, but thrusters can move the 
balloon at low speeds. 

Cgar: Elongated cigar-shaped envelopes are available in both rigid 4 and non-rigid configurations. Cgar envelopes are equipped with finsfor 
stability and steering, and so are much better suited to powered flight 

Cyclo-Crane: The cyclo-crane is a complex airship configuration 
in which the cigar-shaped envelope is pierced from front to back by 5 a central shaft. Four (or more) pylons radiate from the central shaft 
and mount airfoils and engines on their ends (well outside of the 
envelope itself). These airfoils and engines can be turned to different 
angles to maneuver the craft or cause the bag to spin around its central 6 axis, thus generating iii from the airfoils. The cabins and payioad are 
suspended from cables attached to the ends of the central shaft 

Magnus Sphere: The Magnus sphere configuration consists 0f.a 
spherical gas bag pierced through its center from side to side by a 7 central shaft. The engines are mounted on the ends of the shaft and 
thecabin and payload arecarried byconformal arms attached to the 
shaft. Theenginescan berotated togiveadditional liftfortakeoff, butthe 
main lift augmentation comes from powered rotation of the Magnus 8 sphere during flight (from the "Magnus effect," which provides lift to a 
spinning ball). Due to its compact nature, the Magnus sphere does not 
tend to weather vane in high winds and so is much safer in bad weather 
than conventional airships. 

0 

Airfoil: An airfoil airship is a rigid envelope constructed in the 
shape of an aerodynamic lifting body. The airfoil has a minimum 
speed necessary to gain its lift multiplier. This usually means that 
airfoil ships take off using conventional runways, but some cargo 
shipstakeoff verticallywithouttheircargo and then, when they have 
achieved their minimum speed for aerodynamic lift, snag theircargo 
from theground using hook and line retrieval, carrying the cargo as 
an underslung load. 

Note that the maximum speed by envelope configuration type is 
modified by tech level speed multipliers (and these vary between 
standard and dense atmospheres). 

ENVELWE CONFIGURATION 

TL Confia Tvw Mult Mult beed MCr 
Lift Wf 

TL: Tech level of first availability. 
Config: Envelope con figuration. 
Type: Rigid, non-rigid, or both, indicating the type of envelope 

which can use this configuration. 
Lift Mutt The total normal lift of theenvelope is multiplied by this 

value to determine the maximum takeoff weight of the airship. The 
multiplier represents additional aerodynamic lift gained by the 
configuration. 

Wt Mult: The total normal envelope weight is multiplied by this 
value to determine the actual envelope weight. Additions here 
represent additional internal structure necessary to achieve the 
indicated configuration. Note that changes in lift and envelope 
weight will necessitate recalculation of useful lift. 

Speed:The minimum speed and maximum speed of the envelope 
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configuration. Note that maximum speed is adjusted by tech level 
speed multipliersfoundon thetableson page27. Most airships have 
no minimum speed.Theairfoil'sminimumspeed isthat necessaryto 
gain its aerodynamic lift multiplier. 

MCr:The priceoftheenvelopeis its normal price multiplied bythe 
value shown on the table. 

Step 2: Airframe 
Once the designer decides upon the aircraft's weight, he must 

select an airframe from the Airframes table (page 30). Each typeof 
airframe has its own price per metric tonne of aircraft, minimum 
and maximum flight speeds, and efficiency factor (used in deter- 
mining the aircraft's cruising and maximum speeds). 

Fixed-Wing Aircraft There is a wide variety of airframes, as there 
is a great spread in performance between different fixed-wing 
aircraft. 

Autogyros:Autogyros are designed as if they were a special form 
of fixed-wing aircraft, using a unique airframe type. They are treated 
as fixed-wing aircraft in all other respects. Autogyro airframes may 
not incorporate STOL or VTOL capability, although they may 
incorporate seaplane capability. 

Wing-in-Ground: Wing-in-ground (WIG) airframes are unusual 
airframes which allow truly immense loads to be carried. Wing-in- 
ground is a contraction of "wing in ground effect." Ground effect 
refers to theincreasein performa-nceexperienced by all aircraftwhen 
flying within approximately half a wingspan of the ground. For 
conventional aircraft# long duration cruise in ground effect is not 
practical, but for specialized WIG craft, using the PAR (Power 
Augmented Ram) effect, it is, and creates dramatic increases in 
performance. TheWlC airframes here are considered to be PARWlCs 
(WIG for short). These craft, also called "wingships," blow high- 
pressure air beneath their wings and use the increased lift resulting 
from the build-up of this high-pressure air between the ground and 

their lifting surfaces.This high-pressureair is essentially recycled back 
to the aircraft by the ground, rather than being dissipated through 
the air column beneath an aircraft flying a t  altitude. (Air cushion 
vehicles trap this air within their sidewalls or "skirts," while WIG 
aircraft create a rapidly dissipating bubble of high pressure beneath 
them as they move along.) Although they are able to generate 
enough speed thattheycan flyoutof ground effectforshort periods 
of time(in effect ''hopping"), a WIG craft is distinguished bythe fact 
that itcannotflyforanygreatdistanceoutof ground effect (multiply 
fuel use by 5 during these short periods). As this effect can only be 
maintained over surfaces such as water, icecaps, or level ground, 
WIG vehicles are of rather specialized utility. 
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WIG craft may not be combined with STOLcapabilities, but may1 0 
be combined with VTOL and seaplane capabilities. 

Gliders: Gliders are unpowered fixed-wing aircraft. Gliders always 
use simple airframes with STOL capability. 

Fixed-Wing Options: Airframes may be modified for VTOL per- 1 1 
tical Take-Off/Landing), STOL (Short Take-OWLanding), or seaplane 
configuration. 
VTOL: VTOL airframes incorporate either thrust vectoring gear for 

jets or tilt enginehilt wings to allow the aircraft to take off directly 
upward then switch to normal flight. Add 10% to the weight and 
50% to the cost of the airframe. 
STOL: STOL airframes have longer, broader wings for greater lift, 

allowing shorter takeoffs and landings. Add 5% to the weight and 
30% to the cost of the airframe. Add 10 drag points to the aircraft. 

Seaplanes: Seaplane airframes add 5% to weight and 25% to the 
cost of the airframe. Seaplanes may only land on water. 

Amphibians: Amphibian airframes (which may land on water or 
land) are built identically to seaplanes up to 350 tonnes aircraft 
weight. Between 350 and 400 tonnes, add no weight, but add 25% 
to cost. Above 400 tonnes, subtract Soh from airframe weight and 
add 25% to cost. 

12 

13 

14 



6 

7 

8 

9 

10 

11 

12 

13 

14 

FloatplanwAircraftwhich are not designed asseaplanes may have 
floats added later. Floats may only beadded tosimple, autogyro, and 
fast subsonic airframes. Floats added count as external stores, and no 
fuselage or outboard wing hardpoints may be used while floats are 
attached. Floats weigh 5% of the total loaded weight of the aircraft, 
cost MCrO.O1 per tonne of float, and add 20 drag points. 

VTOL and STOL airframes are mutually exclusive. Seaplane capa- 
bility may be added to either VTOL or STOL capability. 

CarrierAircraft:Aircraft may have the capability to fold their wings 
to allow them to be stored at a smaller volume. Add 5% to airframe 
weight and cost. 

Beefing up airframe for aircraft carrier arrested landings costs a 
percentage of aircraft equal to 8.5% minus the aircraft's agility rating 
with a minimum percentage increase of 0.5%. 

Adding corrosion resistanceto aircraftaddsnothing toweight and 
5% to the cost of the airframe and power plant. Normal aircraft 
carried aboard ship or operating in a corrosive atmosphere require 
5 times their normal MP to remain functional. Corrosion-resistant 
aircraft only require 2 times their normal MP. 

Rotary-wing Aircraft: Conventional helicopters require only a 
simple airframe, and indeed, can gain no performance benefitsfrom 
faster airframes, as they cannot achieve speeds beyond the maxi- 
mum allowed for a simple airframe. This is because of the particular 
problems created by the helo's rotor blades, of which two are 
significant: advancing blade tip speed and retreating blade stall. 

Recognizing that  the tip of each rotor blade is  moving at a very 
high speed, it is not hard to imagine that a fast helicopter will soon 
run into the sound barrier with the tips of its forward-moving 
(advancing) rotor blades, which i s  an absolute limit on helicopter 
performance.Theflipsideof thisisthat asthesesame rotor blade tips 
spin a little farther and begin to move toward the rear of the 
helicopter(retreating), they begin tostall, losing lift atthesame time 
that the blade tips on theopposite side of the helicopter are reaching 
the speed of sound. 

Thus conventional helicopters are limited to 320 kph, which is the 
topspeed ofthesimpleairframe(ewn if itweretouseafastsubsonic 
airframe, aconventionai helicopterwould still belimited to 320 kph). 
The key to higher performance is "unloading" the rotor, slowing 

down stopping it in flight and relying on 
thrust and lift from other sources (auxil- 
iary jets or propellers, and stub wings, 
respectively, although a variant called 
ABC-advancing bladeconcept-uses stiff 
coaxial blades to create lift by ensuring 
that there is always an advancing blade 
on each side of the helicopter). Such 
helicopters arecalled compound helicop- 
ters. These can be built starting at  tech 
level 6, and may use fast subsonic air- 
frames. See Step 3, Thrust, for more de- 
tails. 

A t  higher tech levels, an advanced ap- 
plication of the compound helicopter 
becomes possible, the "X-wing," in which 
the stopped blades are heavier and more 
robust, and allow higher speed. 

Helicopters may be designed with sea- 
plane or amphibian airframes, or have 
floats added. Cost and weight figures are 
the same as those for fixed-wing aircraft. 

Airships: In addition to the envelope, airships requireoneor more 
cars or "gondolas," inside or suspended beneath the envelope to 
hold crew and passengers. Airship can require simple airframes. 
Weight of the cars is  based on the carrying capacity of the car itself, 
not the total weight of the airship. 

AIRFRAMES 
M a x  Eff 11 Type Aircraft Wt MCr Min 

Fixed 0.005 0.02 401- 200 0.65 

6 Transonic Fixed, 
Rotarv 0.10 0.03 180/90 1100 0.95 

7 V&g-in-Cmund Fixed 0.05 0.02 75/- 400 0.90' 

T L  Tech level of first availability. 
Wt: Airframe weight, in metric tonnes, per tonne of aircraft 
MCr: Price, in millions of credits, per tonne of aircraft. 
Mln: Minimum speed, in kilometers per hour, of a conventional 

airframe/STOL airframe. Wing-in-ground and autogyro airframes 
have a single speed, as they may not be combined with STOL 
capabilities. 

Max: Maximum design speed, in kilometers per hour, of the 
airframe. 

Eff: Airframe efficiency, used in determining maximum and 
cruising speeds. 

SurfaceArea: Each airframehasonesquaremeterof usefulsurface 
area (for electronics and other similar surfaceinstallations) per metric 
tonne of aircraft. This is not true surface area, but i s  only the portion 
not already allocated to control surfaces, intakes, landing gear, etc., 
and therefore not suitable for surface installations. 



Step 3: Thrust 
Thrust propels an aircraft through the atmosphere. The mecha- 

nism by which an aircraft generates thrust is called its thrust agency. 
There are two general categories of common thrust agencies: 
propellers and jets. 

Propellerdriven aircraft use the output from any power source to 
turn a propeller (sometimes called an air screw), which either pulls 
or pushes the aircraft through the atmosphere. Propellers require an 
atmosphere to function. 

Jetdriven aircraft use the actual expanding gasof thecombustion 
of fuel, sometimes combined with high-speed turbines, to create 
direct thrust. Provided a separate (and sufficient!) source of com- 
pressed oxygen is available, a jet thrusterwill work as well in vacuum 
as in an atmosphere. 

Avarietyof thrustagencies arediscussed in detail in thesub-Light 
(Maneuver) Drive chapter (Section 9). Notice that many thrust 
agents have a limited number of airframe types on which they can 
be used. 

Unpowered fixed-wing aircraft are called gliders. They are usually 
pulled aloft by another aircraft (of at least twice their weight; these 
are called tugs) and then released to glide to the earth. However, 
there are other methods, including catapult or wen self-powered 
launch. 

Rotary-Wlng Aircraft: Helicopters are unique in that they rely on 
overhead rotors for lift as well as thrust. Helicopters need gearboxes, 
transmission assemblies, and rotors (all collectively referred to as the 
rotor assembly) to convert engine power to lift. Gearboxes reduce 
engine speed to rotor speed with reduction ratios of up to 901. 
Transmission assemblies link the power plant to the rotors, and rotors 
provide lift. 

A rotor provides lift for the aircraft in addition to forward thrust. 
The total lift provided (determined by the size of power plant 
installed) must be equal to, or in excess of, the maximum take-off 
weight. The helicopter's thrust, in tonnes, is equal to its lift in tonnes 
multiplied by0.l. if additional thrustisdesired,anadditional thruster 
(usually a turbojet or turbofan) may be added. 

On a conventional helicopter, this added thrust plus the thrust 
from therotor bladesislimited to 
the top speed of 320 kph when 
speed is calculated in the design 
rating section, below. 

Compound helicopters must 
have an added thrust agency, as 
their speed is calculated using 
thisadded thrustonly.This added 
thrust mustyield a speed at  least 
equal to the minimum speed of 
the airframe. Compound heli- 
copters a t  tech levels 6 and 7 
mayonlyuse the MTR rotorcon- 
figuration. At TL 8 they may use 
the CMR (depicting ABC tech- 
nology) and MTRconfigurations. 

TL 9+ compound helicopters 
use the X-wing rotor configura- 
tion. 

Rotors come in several con- 
figurations, which in turn affect 
the number of rotor assemblies 
needed in a helicopter design. 

All of these configurations are designed to prevent torque from 
rotating the helicopter in the opposite direction of the rotor's 
rotation. The most common rotor configurations include the 
following: 

Main and Tail Rotor (MTR): This assembly is a large, single main 
rotor and a much smaller anti-toque rotor which is mounted 
vertically to provide lateral thrust near the end of the tail boom. At 
higher tech levels, advanced versions of configuration are known as 
NOTAR, for NO TAil Rotor, in which vectored turbine exhaust takes 
the place of the anti-torque rotor. 

Light MTR rotor assemblies are available for helicopters weighing 
two tons or less. 

Twin Main Rotors (TMR):Two main rotors (or several pairsof main 
rotors in the case of really immense helicopters) on separate shafts 
that spin in opposite directions are mounted in such a way that 
theirrotor bladesdonot interferewith eachother. Insomedesigns, 
the rotors are at  the front and rear of the fuselage, with one rotor 
set higher than theother. In otherdesigns, the rotors are mounted 
side-by-side a t  the ends of long outriggers, or are synchronized to 
mesh like eggbeaters. 

Coaxial Main Rotors (CMR):Two main rotors spinning in opposite 
directions are mounted on the same vertical axis. This combines the 
advantages of twin counter-rotating rotors in a more compact 
configuration. 

Lift Activator Disk (LAD): The "wing" consists of a revolving disk 
which spins around a fixed central cylindrical hub (which contains 
the crew, passengers, and power plant). The power plant draws air 
in from above the craft and then blows it across the top of the disk 7 
at  high speed, generating lift. The spin of the disk (at about 1000 
revolutions per minute) accelerates the air flow, further increasing 
lift. Part of the air flow is vented to the rear as thrust. 

compound helicopter. Going beyond merely unloading the rotors in 
flight, advanced materials technology allows a four-bladed rotor to 
be locked in flight 50 that its blades-two of them swept forward- 
now function as fixed lifting surfaces, allowing the aircraft to fly at 9 
high speeds, and then transition back to rotary flight for vertical 
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landings. X-wing configurations use the NOTAR system (see MTR, 
above) to counteract torque when in helicopter mode. X-wing 
helicopters use transonic airframes. 

OmitboptetfORN): Ornithopters are not rotary-wing aircraft, but 
theirfunction is best described here. Ornithopters have mechanically 
articulated wings that flap like a bird’s, providing both lift and 
forward thrust. Constructed of advanced light-weight materials, the 
ornithopter is still less efficient than a helicopter in rising to altitude, 
but can then lock its wings and function as a glider, conserving fuel 
and also allowing silent, stealthy approaches to a target. 

ROTOR ASSEMBLIES 
TL Type wt MCr Lift Max Wt 

12 ORN 0.1 0.03 3 2 

Wt: Weight, in tonnes, per tonne of power plant. 
Reducerotorassemblyweight by1 0% pertech level aboveitstech 

level of introduction (i.e., 90% of listed weight at one tech level 
higher, 80% at two tech levels higher, etc.), but never below 50% 
of the value shown on the table. 

MCr. Price, in milliinsof credits, per installed tonneof rotor assembly. 
Lif t  L i i  in tonnes, per MW output of power plant. 
Max wt: Maximum take-off weight of a craft using that type of 

rotor assembly. This value increases by 10% each tech level above 
the original tech level of adoption. 

Folding Rot0~:Any helicopter may be given the capability to fold 
its rotor blades to reduce its storage volume by doubling the price of 
its rotor assembly. 

Airships: Airships are typically powered by propellers, but may 
also be powered by jets. 

Although airships rely primarily on their aerostatic lift, they may 
have thrust agencies installed to add additional vertical lift, This 
allows the airship to operate a t  weights greater than its useful lift. At 
tech level 5 and above, installed thrust agenciescan bevectorableto 
assist with lift or to provide thrust. One use of such an installation 
would befortheairfoil envelope configuration which hasa minimum 
airspeed to gain its lift multiplier. A sufficient quantity of vectored 
thrust (equal to one-halfthe weight in excess of the useful lift weight, 
as the vectored thrust takeoff takes place in ground effect, and 
increases the efficiency of the vertical thrust) would enable the 
airship to liftverticallyoff of theground and transition to its minimum 
forward airspeed to gain its lift multiplier. Remember that vectored 
thrust being used for vertical lift cannot be a t  the same time used for 
lateral thrust and vice versa. 

Oneinteresting application of vertical thrust is the helistatconcept 
which combines the features of helicopters and airships. The helistat 

If additional lateral thrust is desired, propellers or jets may be 
added in addition. Maximum speed islimited bytheairshipenvelope 
configuration. 

An airship with added vertical lift must have itsweight redefined. 
It now has a maximum take-off weight equal to its useful lift weight 
plus the value in tonnes of the added vertical lift. 

Step 4 Power Plant 
Propellers, rotors, and High Efficiency Plasma Recombustion 

(HEPlaR) thrusters require a separate power plant. Select the power 
plant or plants to powerthe aircraft. Available power plants are l isted 
in the Power Production chapter (Section 8). 

Certain types of jet thrusters (turbojets, turbofans, ramjets, 
scramjets, and rockets) are self-contained and do not require a 
separate power plant. Aircraft with self-contained thrusters will 
usually require some additional electric power. Each such power 
plant includes (without additional weight or cost) an electrical 
generator which will produce MW equal to the thruster’s thrust in 
tonnes times 0.02. If additional power is needed, a small power 
plant will have to be installed. 

Step 5: Controls 
Select controls for the aircraft from those listed in the Control 

Systems chapter (Section 4).The tech level of controls installed must 
be equal to or greater than the listed tech level of the airframe and 
any installed thrust agencies, power plant, sensors, or avionics. If a 
computerisinstalled,it musthave thesametech levelas thecontrols. 

Fixed-Wing Aircraft: Certain controls may not be used on certain 
airframetypes, asnoted on theControlstablein theControlschapter 
(Section 4). 

Rotary-Wng Aircraft: Helicopters larger than 10 tonnes require 
enhanced mechanical controls. All others require only basic me- 
chanical controls, with all the above guidelines. 

Airships: Unpowered airships (balloons) do not have controls. 
Powered airships require simple controls. 

Step 6: Crew and Passengers 
Crew and passenger accommodations can range from a single 

seat for a fighter pilot to 500 seats for passengers and four crew- 
stations aboard a jumbo jetliner. 

Aircraft crew may be a t  crewstations, called cockpits for pilots (see 
the Controls chapter, Section 4). Aircraft with more than three 
crewmembers (excluding gunners) must have a flight deck, and all 
crewmembers (excluding gunners) must be provided with open 
crewstations and are considered to be grouped together. Cunners 
may still be at cramped crewstations. 

The pilot acts as a gunner for fixed forward-firing weapons, 
bombs, rockets, and missiles. 

Asensor operator, or second pilot who can act as sensor operator, 
is often included on aircraftwhich employterrain-following radar, or 
target acquisition and fire control radar and high-performance, 
operator-guided missiles. This crewperson may also operate a laser 
targetdesignation system. 

Abombardier/weaponsofficer is required if theaircraft is intended 
to launch air-to-ground attacks from higher than 2000 meters 
altitude. 

designer installs rotor assemblies on the airship car, and the rotary- 
winq assemblies provide vertical lift and thrust in the same way as 1 4 theydo on conventional helicopters (lateral thrust in tonnes equals 
vertical lift in tonnes times 0.1). Twin main rotor (TMR) is the only 
rotor assembly type that may be used in this way (in this case, 
visualize it as one or more pairs of twin rotors). 

Turret-mounted and flexible-mounted guns require a gunner. 
Onegunnermaycontrolany numberof remoteturrets, butmayonly 
fire one during a combat turn. A gunner in a simple turret may only 
fire thegunsin tha t  turret. Agunnerfiring guns attached to aflexible 



mount may fire onlythoseguns during a com bat turn, but may move 
to a second flexible mount to fire its guns, taking a full combat turn 
to move there. 

A navigator is required if the aircraft's normal mission duration is 
six hours or longer. Navigators are not required in aircraft with tech 
level 7 or higher navigational aids and a flight computer. 

Aflight engineer is required in aircraft with three or more engines, 
or more than 3.5 MW devoted to propeller thrust, unless a flight 
computer is installed. 

Acopilot is required if the aircraft's normal mission duration is four 
hours or longer. A copilot is required on all commercial aircraft. A 
copilot is required for any aircraft weighing more than 25 metric 
tonnes unless a flight computer is installed. 

All crew except pilot, copilots, and sensor operators may double 
as gunners. Passengers are provided with seats as found in the 
Optional Features chapter (Section 7). 

Armor and escape devices listed in the Crew/Passenger Position 
Additions table may be added to any cockpit or crewstation. 
Transonic aircraft require ejection seats; advanced ejection seats are 
required aboard supersonic combat aircraft; and rocket-powered 
escape capsules are required aboard hypersonic aircraft. 

Cockpitarmor may negatetheminor hit resultof "1 crewmember." 
Check the penetration value of the weapon that hit. If it is less than 
the armor value, the minor hit becomes no effect. 

CREW/~ASSENGERS POSlTlONS ADDITIONS 

Mass Mass in tonnes. 
Escape Systems: The mass and price of the ejection seat, advanced 

ejection seat, and rocket escape pod are the cost to add this feature to 
each crew and/or passenger station. 

Step 7 Life Support 
Aircraftflying above 3000 meters in a Standard atmosphere(S000 

meters in Dense, 1 SO0 meters in Thin) require life support systems. 
These rangefrom oxygen tanks and masks to sealed cockpits and full 
pressure suits aboard combat aircraft to sealed cabins and basic life 
support(with emergency backupoxygen masks)forcivilian airliners. 

A variety of life support options are available and are discussed in 
detail in the Life Support chapter (Section 11). 

Step 8: Weapons Mounts 
The number of weapon mounts should be determined and the 

type selected from the Airborne Weapons Mounts chapter on page 
152. Fixed mounts have no weight or drag. Hardpoints only have 
drag when ordnance or a bomb rack is mounted. Drag disappears 
when the weapons are dropped or launched. Turrets always incur a 
drag penalty. 

Hardpoints are generally located beneath the fuselage and wings. 
Normally, an aircraft only has room for one fuselage hardpoint- 
usually the strongest of the hardpoints. Fuselage hardpoints can 
carryupto2000kilogramsofordnanceorl O%ofthe loaded weight 
of the aircraft, whichever is greater. For large aircraft, assign one 
2000kg hardpoint per comprete 20 tonnes clean weight of aircraft. 

Hardpoints mounted farther outboard can arty less and less w g h t  
Inboardwing hardpointscancarry uptol 500 kilogramsofordnance,or 
7.5% of the loaded wight of the aircraft, whichever is greater, while 
outboard hardpointscancarry upto500 kilograms ofordnance,of2.5% 
of the aircmft's loaded weght, whichever is greater. 

Bomb racks, each carrying up to six hmbs, three rocket pods, or 
three launch rails with their missiles, may be attached to each 
hardpoint, as well as single weapons. 

Fueldroptanks may beattached to thecenterline hardpointorthe 
inboard wing hardpoints if they havefuel intake plumbing. Note that 
the Airborne Weapons Mounts table includes different values for 
plumbed and "dry" hardpoints. 

Launch rails for missiles weighing up to 100 kilograms may be 
installed on each wingtip. 

Internal bomb and weapon bays hold one tonne of ordnance for 
each tonne of capacity. 

Fixed-Wing Aircraft Up to two inboard and two outboard 
hardpoints may be fitted to each wing. 

Rotary-wing Aircraft As combat helicopters are intended for 
agi leoperations close to thesu rface of the ground, fuselage hard points 
are not used. Instead, standard wing hardpoints are mounted on 
stub wings. Each helicopter stub wing can have one inboard 
hardpoint, two outboard hardpoints, and sufficient wingtip launch 
rails to carry 100 kg of missiles. Weight and price of the stub wings 
is subsumed under the airframe. 

Alrships As with helicopters, airshipsdo not usefuselage hardpoints 
and instead mount theirwing hardpoints on shortstub wings, each 
with one inboard hardpoint, one outboard hardpoint, and one 
wingtip launch rail. Unlike helicopters, airships may have multiple 
stub wings along their length, allowing them to mount as much 
ordnance on hardpoints as they can lift. Stub wing weight and cost 
is subsumed under the gondola airframe. 

Rigid airships may also haveinternal bomb bays: non-rigid airships 
may only have bomb bays internal to their cars. 

Step 9 Weapons 
A variety of weapons may be installed aboard aircraft. Machine- 

guns and CPR guns may be installed either in fixed, forward-firing 
mounts, or in flexible or turret mounts. Lasers and enerav weawns 
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may al& be installed in fixed, forward-firing mounts. 
Bombs may be installed in internal bomb bays. One tonne of 

bombs may be carried for each tonne allocated for internal bomb 
bays. They may also be attached to hardpoints either singly or in 

flare dispensor pods, napalm tanks, and fuel tanks may also be 
carried by the hardpoints. Missiles and larger free-flying rockets 
may be carried on missile launch rails that are mounted separately 
or are attached to hardpoints, and at  tech level 7 and beyond they 
may be carried in retractable internal missile bays. 

Ammunition for internally mounted gunsisincluded in theoverall 
aircraftweight Ammunitionforgunpodsisincludedin the podsand 
counts as part of the external load. 

Step 1 0  Electronics 
Electronic systems of any sort may be installed on the aircraft, as 

detailed in the Electronics chapter (Section 5). Internally mounted 
systems count toward the total aircraft weight and the antennae 
must fit within the available surface area of the airframe. 

External, pod-mounted systems incur a drag penalty and count 
toward the aircraft's loaded weight. 
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Step 11: Cargo 
Aircraft may have weight allocated to cargo. Each tonne of cargo 1 capacity allows the aircraft to carry one tonne of cargo. 

Step 1 2  Fuel 
Fuel capacityis measured in cubic meters. Each cubicmeteroffuel 2 massesone metrictonne exceptfor liquid hydrogen (used in HEPlaR 

thrusters), which masses 0.07 tonnes per cubic meter. 
An air-to-air refueling probe may be included in an aircraft's 

design.Thisaliows theaircraftto refuel in flightfrom a tanker aircraft 

Refueling probes cost Crl 000 and weigh 0.1 tonne. Refueling 
pods include a wind-powered transfer pumpattached to an extend- 
able hose and drogue, and a tank holding fuel for transfer. Refueling 
pods cost Cr5000 and weigh one tonne loaded per 1000 kg of fuel, 

3 or another aircraft carrying a refueling pod as an external store. 

4 with a 500 kg fuel minimum. 

Step 13: Maneuver Enhancement 
(Fixed-Wing and Rotary-wing Aircraft Only) 

Designers may allocate any percentage of a fixed-wing or rotary- 
wing aircraft's weight to maneuver enhancement. There is no cost 
The higher the percentageof weight devoted to maneuver enhance- 
ment, the more agile the aircraft. 

Aircraft with more than 20% of their aircraft weight devoted to 
maneuver enhancement are assumed to be variable geometry 
aircraft of some sort. Variable geometry aircraft automatically 
count as having folding wings for purposes of storage and do not 

5 

6 

7 need to devote any additional airframe weight to that feature. 

RATJNG YVUR DESlGN 
Once you havedesigned your aircraft, you need todetermineand 8 record its ratings. These include weight, thrust, speed, agility, fuel 

use, endurance, range, price, and volume. 
Weight: Afixed-wing aircraft's full internal weight, a rotary-wing 

aircraft's maximum take-off weight, and an airship's useful liftweight 9 are theweightsdetermined at the beginning of thedesign sequence 
(for helistats and airships with added vertical lift, use the maximum 
take-off weight discussed in Step 3). Be sure that total weights of all 
components, including fuel, cargo, ammunition, and ordnance in 1 0 internal bays,donotexceed thespecifiedweight.Thisistheaircraft's 
"clean" weight 

Fixed-wing aircraft also have a maximum gross take-off weight 
equal to its maximum internal weight multiplied by 1.35. This 1 1 includes the full internal loaded weight plus externallycarried stores 
attached to hardpoints. 

Rotary-wing aircraft and airships may also carry ordnance on 
external hardpoints, but this does not add to their maximum take 12 off weight. That is, the weight of these weapons must have been 
anticipated from the beginning of the design. 

Thrust An aircraft's thrust isdetermined by its thrust agency and 
its installed power plant. Remember that a rotary-wing aircraft's 
thrust in tonnes is equal to its lift in tonnes times 0.1, plus any 

Wing-in-Ground Aircraft: Multiply the effective thrust of wing-in- 

Airships: Use thrust in tonnes divided by useful lift weight. 14 Glide Ratio: Fixed-wing aircraft, including autogyros, and 
ornithopters haveglideratios.Theglide ratioisthe numberof meters 
forward an aircraft will glide for every meter it drops. All fixed-wing 
aircraftstartwith aglide ratioof 5 andadd 1 totheratioforeveryS% 

3 additional thrust agency incorporated. 

ground aircraft by 5. 

of airframeweight devoted to maneuverability. STOLaircraft double 
their glide ratio. Once the final calculations arecomplete, subtract 1 
from the glide ratio for every drag point (excluding the drag point 
for a STOL airframe). 

All ornithopters have a glide ratio of 20. 
Powerless helicopters attempt to "autorotate" to a soft landing, 

trading altitude for rotor speed, and have no meaningful glide 
distance. MTR and X-wing configuration compound helicopters 
calculate their glide ratios as fixed-wing aircraft. They are not STOL. 

G Rating: An aircraft's C rating helps determine its top speed and 
agility. Calculate the C rating by dividing the aircraft's total thrust by 
its total weight (maximum take-off weight or useful lift weight for 
airships) and multiplying the result by the airframe efficiency factor 
(listed on the Airframes table, page 30). Airships do not have 
efficiencyfactors. Forfixed-wing aircraft, calculate theC rating using 
both the aircraft's clean and maximum take-off weights (for two 
different C ratings). 

VTOL aircraft must have a C rating of 0.5 or greater or they are 
instead treated as STOL aircraft. VTOL aircraft which have a maxi- 
mum take-off weight C rating of less than 0.5 but a clean C rating 
of 0.5 or more are usually called STOVL (Short Take-Off Vertical 
Landing) aircraft, as they require a short take-off roll but can land 
vertically once they have released ordnance. 

Speed: Maximum speed (in kilometers per hour) in an atmo- 
sphere is determined by the vehicle's C rating. Calculate maximum 
speed (forfixed-wing aircraft, calculate for each of the two C ratings). 

If C = 1 or less, speed = Cx3500 
If C = 2 or less, but more than 1, speed = 3500 + (12OOx[G1]) 
If C = more than 2, speed = 4700 + (600x[G2]) 
Maximum speed cannot be greater than the maximum design 

speed of the airframe type. Maximum speed is reduced by drag. 
Note the total number of drag points from the weapons mounts 
installed, and from use of a STOL airframe, again both with and 
without external stores. Reduce the maximum speed by 1 %for each 
drag point 

As an example, an attack aircraft carrying four loaded, multiple- 
bombracksunderitswingsand adroptank underits fuselagewould 
have 17 drag points. This would reduce its maximum speed while 
carrying theseexternalstores by1 7%. Once thebombsand tanksare 
dropped, the aircraft's maximum speed would increase to its full 
"clean" loaded speed or maximum airframe design speed, which- 
ever is lower. 

Airships: Given the low maximum speeds of airship envelopes, it 
is easy to overpower an airship. However, this power is not wasted. 
Airships are very susceptible to wind, and can get into a great deal 
of trouble in high winds, especially close to the ground. Such 
operations will require task rolls by the airship's pilot to not lose 
control of the airship and crash. Excess thrust beyond the airframe's 
maximumspeedcan beused bythe pilotto rediicethedifficultylevel 
of such tests. Compute airship speed normally, and if the result is 
greater than the maximum speed, take the excess speed and divide 
it by the maximum speed, dropping fractions. The result is the 
number of -Diff Mods that can be used by the pilot to maintain 
control in bad weather. 

For example, a tech level 7 non-rigid cigar envelope (standard 
atmosphere) has a maximum speed of 140 kph, and a useful lift of 
10 tonnes. It is fitted with propellers generating 1.2 tonnes of thrust, 
This yields a C rating of 0.1 2 and a maximum speed of 420 kph. 
Maximum speed is  limited to 140, so there is excess speed of 280 
kph. Dividing this by 140, the result is 2, meaning that the design 
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gives the pilot 2-Diff Modsfor usein difficultweatheror maneuvers. 
Add 1 to this resultforcyclotranes and Magnus spheres, even if the 
result was 0. 

Crulslng Speed An aircraft’s cruising speed is 75% of its maxi- 
mum speed. 

Mlnimum Speed: An aircraft‘s minimum speed depends on the 
airframe type. Note its minimum speed on the airframe table. STOL 
aircraft have a minimum speed of half this. VTOL aircraft, most 
airships, and rotary-wing aircraft have no minimum speed. Mini- 
mum speed is reduced by 1 % for each percent of a fixed-wing aircraft’s 
weight used for manemr enhancement. 

NOE Speed Onlyrotary-wing and VTOLfixed-wing aircraftflythe 
contours of the ground at nap-of-the-earth (NOE) speeds. NOE is 
defined as flying aroundground obstacles, not over them, and must 
have the ability to hover. Airships, which may hover, are not 
responsive enough for NOE flight, and are too susceptible to wind 
effects. Aircraft have a safe NOE speed equal to the maximum 
allowed by their terrain -following avionics (40 kilometers if no 
avionics are installed) or onequarter of their maximum speed, 
whichever is  less. 

Take-Off and Landing Rolls: All aircraft except for WOL, helicopters 
and airships have take-off and landing rolls. These are the distances an 
aircraft must roll before taking off or after touching down. 

To calculate take-off roll, multiply the square root of the actual 
take-off weight by the aircraft’s minimum speed, then multiply the 
result by .25 and divide the result by the C rating of the aircraft. 
(However, if the actual take-off weight is less than 1 tonne, use it 
instead of its squareroot.)Theresult is the minimum safetake-off roll 
of the aircraft in meters. 

To calculate landing roll, multiply the square root of the landing 
weight of the aircraft by the aircraft’s minimum speed, then multiply 
the result by 0.6. (However, if the actual landing weight is less than 
1 tonne, use it instead of its square root.)The result is the minimum 
landing rollof theaircraftin meters, butmaynever beless(in meters) 
than the aircraft’s minimum speed (in kilometers per hour). 

Combat Move: The high mode combat movement (in 1 0-meter 
grid squares per combat turn) is equal to the aircraft’s maximum 
flight speed (in kilometers per hour) multiplied by 0.1 39. For VTOL 
aircraft, the safe NOEcombat movement (in 10-meter grid squares 
per combat turn) is qual  to the aircraft’s safe NOE speed (in 
kilometers per hour) multiplied by 0.1 39, rounded to the nearest 
whole number. 

Travel Move: The high mode travel movement rate (in kilometers 
perfour-hour period) is equal to thecruising speed (in kilometers per 
hour) multiplied by 4. The NOE mode travel movement rate for 
VTOL aircraft (in kilometers per 4-hour period) is equal to the safe 
NOE speed (in kilometers per hour) multiplied by 6. 

Agility Agility is principally determined by speed. 
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Add 1 to agility for every 10% of airframe weight devoted to 
maneuverability enhancement. 

Calculate agilityseparatelyfor NOEspeed, maximum clean speed, 
and maximum loaded speed (where they are different). Aircraft 
flying NOE have their agilities doubled. 

Agility serves as an increase difficulty modifier for fire against 
aircraft. An aircraft firing at  another aircraft subtracts its agility from 
the target aircraft’s to determine the difficulty modifier used. 

Volume: Afixed-wing or rotary-wing aircraft’s storagevolume, in 
cubic meters, is equal to its weight in tonnes multiplied by 60. A 
fixed-wing aircraftwith wing-folding capability has astoragevolume 6 
of its weight in tonnes times 30, and a rotary-wing aircraft with its 
rotor folded or removed for transport has a volume equal to its 
weight in tonnes multiplied by 20. An airship has a volume equal to 
its envelope volume. Non-rigid, non-helistat airships can be disas- 7 
sembled for transport at a volume equal to 3 times its car/gondola 
mass in tonnes. 

Volume determines target size difficulty modifiers, as shown on 
the table at the bottom of the page. 

Fuel Use: The fuel use of each engine and power plant i s  
obtained from the appropriate table in cubic meters per hour. If 
more than one engine or power plant is installed, multiply fuel use 
per engine by the number of engines installed to determine total 9 
fuel consumption. 

Endurance: Endurance is the number of hours an aircraft can 
remain aloft at  cruising speed. Divide the total volume of fuel 
carried by the fuel use per hour to determine the endurance, in 1 0 
hours, of the aircraft. 

Range: Range is  the distance an aircraft can fly at cruising speed. 
Calculate range by multiplying endurance by cruising speed. Do th is  
for both clean cruising speed and loaded cruising speed, when they 1 1 
are different. 

total price. 

4 

5 

8 

Price: Total the price of the aircraft‘s components to determine its 
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CHAPTER 1 
Material Technology 

Material technology deals with the progressive refinement 
of materials used in the fabrication of artificial structures. For 
game purposes, this relates primarily to vehicle, aircraft, and 
spacecraft hulls, but material technology has a hidden effect 
on the whole range of subsystem technologies covered in later 
chapters. 

For example, metals with better resistance to fatigue allow 
the construction of high-speed propellers and fan blades, 
which simultaneouslylead to more powerful aircraft propellers 
and high-performance turbines. Progressively harder metals 
form the basis of progressively more effective kinetic energy 
penetrators in tank gun ammunition. 

The earliest metals appear at  tech level 1, and consist of 
bronze (an alloy of copper and tin) and iron. Early iron is hand- 
forged and of low quality. By tech level 2, foundries are capable 
of making large solid-iron castings, but are still not capable of 
fabricating large vehicles or structures from iron subcomponents. 

The placement of iron on thevehicle and Craft Construction 
Materials table (page 38) at tech level 3 represents the first 
availability of industrially mass-produced iron from large found- 
ries, along with earlysteel from the Bessemer process, and the 
ability to construct large vehicles with it. The first iron-hulled 
ships, as well as the first armored ships, are built a t  tech level 
3. While steel is used for a number of subcomponents, it is still 
extremely difficult to use it in large constructions. (Steel is iron 
with carbon, and sometimes other metals, such as nickel, 
added for greater toughness and hardness.) 

At tech level 4, steel becomes widely used as a replacement 
for iron in ship hulls, and the first primitive armored land 
vehicles appear. The first experiments with hardened steel are 
made, and by tech level 5, hardening techniques become reliable 
enough that face-hardened armor becomes widespread. 

Face-hardened armor is  an illustration of two competing 
values in armor plate which, for purposes of simplicity, we 
gloss over in Traveller, those values being hardness and 
toughness. Hardness is the ability of armor to resist any 
deformation at  all, and it is usually associated with a certain 
brittleness. Toughness is the ability of the armor to absorb 
energy without shattering, and usually is associated with a 
certain elastic character. By way of illustration, glass is ex- 
tremelyhard but notverytough. Rubberisverytough but not 
extremely hard. 

Armor which is very hard will cause small shells to shatter 
when they hit it and cause no damage, but larger shells will 
shatter the armor and pass completely through it. Tough 
armor can often be gouged or damaged by smaller shells, but 
does not suffer the massive shattering that hard armor does. 
Face-hardened armor combines both characteristics in one 
plate by taking a plate of very tough armor and hardening only 
the face of it. Small shots shatter against it while larger shots 
crack only the outer surface and are stopped by the more 
elastic part of the plate. 

Although this is an interesting subject with some interesting 
effectson armor and protection, we have decided forpurposes 
of game simplicity, to lump both characteristics into a gener- 
alized "toughness" rating, which represents the ability of 
armor to resist penetration by all projectiles. 

Attech level6, anumberofalloysappear,whicharedifferent 
approaches to toughness and weight issues, as well as fiber- 
glass, the first of the nonmetallic materials strong enough to 
consider for structural use. Light composites a t  tech level 7 
represent a variety of additional nonmetallic structural mate- 
rials, such as graphite, boron-carbide, etc. Early chobham 
armor is an example of light composite armor on vehicles. 

Composite laminates at  tech level 8 are matrices of different 
metallic and nonmetallic materials arranged to make the most 
of each materiaf'sstrengths. The currentversion of armor used 
by US main battle tanks, which incorporates a mesh of 
depleted uraniumin the composite armor, issimilar to the level 
of protection shown on the table. 

Crystaliron is a ferrous metal with perfect crystal structure 
and carefully controlled impurities in order to gain maximum 
hardness and toughness. Superdense is metal which has had 
its molecular structure partially collapsed in a massive artificial 
gravity field (such as might be encountered in a white dwarf 
star), which increases its density and strength. Bonded super- 
dense has had its electron bonds artificially strengthened, by 
means of afield similar to that used in damper technology (see 
the Defenses chapter, Section 6). Bonded coherent super- 
dense armor is dynamically manipulated by inputfromsensors 
and the computerso as to polarize the subatomic forces in the 
hull molecules, thereby presenting maximum penetration 
resistance to the specific striking weapon. 
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CHAPTER 2 
Personal Armor 

Personal armor consists of solid or woven protection worn 
over various body parts. The design sequence deals with three 
types of armor: rigid, non-rigid, and powered. Rigid armor 
covers metallic and hard ceramic armors, while non-rigid 
covers leather, ballistic cloth, and ballistic weave. Powered 
armor is also called battle dress and consists of rigid all-body 
armor and a powered exoskeleton. 

Rigid Body Armor. The designer will need to specify mate- 
rial, body parts covered, and thickness of protection. The first 
centimeter of armor can be made particularly tough through 
the use of surface-hardening, angling of the plates, and other 
techniqueswhich serve to lower the effective weight of the first 
layer of armor proportional to its protection. This is reflected in 
the personal armor tables beginning on page 40, which apply 
only to the first centimeter of armor thickness. 

The Rigid Body Armor table indicates the weight, in kilo- 
grams, per armor level of a particular armor type. For example, 
a soft steel piece of armor covering the chest weighs 7.8 
kilograms per armor level. However, these weights apply only 
to the first centimeter of armor. The extra-tough first centime- 
ter has been reached when the armor value equals the tough- 
ness rating of the armor type used. After that, additional armor 
value additions cost double the weight shown on the table. 

In the case of fractional toughness values (such as with iron, 
soft steel, and light alloy), all armor weighs double after an 
armor value of 1 is reached. 

Due to the need for fine-fitting work, rigid personal armor is 
fairly expensive. The price column on the table is the price, in 
credits, per kilogram of armor. 

AmwVulues:horvalueisdetermined by the thickness chosen 
by the designer. Although the armors shown provide information 
for an armorvalueof 1,valueslessthan 1 may beselected byopting 
for thinner (lighter) armor than what is shown on the table. 

Armor values of less than 1 but equal to or greater than 0.5 
are treated as an armorvalue of 0. All armor with an AVof 0 has 
a parenthetical (melee only) value of 2. All armor with an AVof 
less than 0.5 has no value versus projectiles or energyweapons 
and has a parenthetical (melee only) value equal to its calcu- 
lated AV multiplied by 4. Parenthetical melee values are 
rounded to their nearest increment of 0.5. (Since armor 
absorbs melee damage equal to twice its armor value, each AV 
of 0.5 absorbs one hit.) Armor with a parenthetical AV of less 
than 0.5 provides no protection. 

Flexible Body Armor. Flexible body armor imposes fewer 
agility penalties than does rigid armor, but it is limited in the 
degree of protection it affords. (If too thick, it ceases to be 
flexible.) As a result, the flexible body armor lists the absolute 
armor value offered by that type of armor and the design 
decision involves selection of body parts to be covered. Price is, 
aswith rigid armor, determined by multiplying the total weight 
(in kilograms) by the price listed on the Flexible Body Armor 
table on page 40. 

lnsert Plates: The Flexible Body Armor table also includes 
values for insert plates. These plates are inserted in pockets in 
ballistic cloth and ballistic weave jackets and vests. Plates may 1 
only be inserted overthe chest and abdomen. When platesare 
inserted in these vests or jackets, the armor value of the plate 
is added to the protection of the vest or jacket 

Flak jackets already contain insert plates and their armor 
values take them into account. 

Agility Penalties: Any armor covering the arms and/or legs 
causes an Agility reduction of 1. Any rigid armor (including 
flexible armor with plate inserts, which includes all flak jackets) 
covering part or all of the torso causes an Agility reduction of 
1. These two effects are cumulative. Battle dress (see below) is 
excepted from this rule. 

Initiative Penalties: Visored helmets cause an Initiative 
reduction of 1. 

Storage Volume: Storage volume is the space taken up by 
armor when it is not being worn. This is generally used when 
a large amount of armor is being carried as cargo. Different 
pieces of armor have different storage volumes depending on 
what parts of the body are covered and whether the armor is 
rigid or flexible. The table below lists storage volumes in liters 
for different types of armor. Rigid armor consists of solid pieces 
of armor, usually metallic, although sometimes ceramic, ar- 
ticulated at the joints. Typical rigid armor is plate at  lower tech 
levels and combat armor at higher tech levels. Semi-rigid 
includes armor which is made up of a large number of 
connected rigid pieces, and so is somewhat flexible. It includes 
chain mail, flak jackets, and ballistic jackets andvestswith rigid 
armor inserts. Fabric includes leather, ballistic cloth, and ballistic 
weave. Note, howver, that a ballistic weave helmet is rigid, and 
so has the same storage volume as listed for rigid helmets. 

ARMOR STORAGE VOLUME (IN LITERS) 
Rigid Semi- Rigid Fabric 

Visored Helmet 2 - - - . -  . . . . - - . - 

AlTlX 5 0.5 0.5 
Chest 10 1 0.5 

Legs 15 0.5 1 

Optional Features: Several optional features are possible. 
fnvironmenta/Control:At tech level 9, environmental control 

may be added as an option. The environment control option 
includes an air-tight liner which gives complete protection 
against most chemical agents, tainted atmospheres, biological 
agents, and a moderate defense against radiation. A suit 
equipped with this liner is generallyworn open at  the neck and 
wrists, and can be sealed by donning gauntlets and a clear, 
flexible headpiece. Heat buildup in the suit is handled by a 
simple solid-state cooling system that is  woven into the liner 
and which eliminates all infrared signature except on the 
exposed face, hands, and heat exhaust. The heat exhaust is a 
very pronounced IR source, but this can be dampened by 

39 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 



inserting a chemical chill can into the cooling system. The chill 
can completely eliminates the signature from 45 minutes to 

1 two hours, depending on the background temperature. Atthe 
end of that time, the can is used up and discarded. 

When combined with a whole-body protective suit, the 
completegarment is usually called a combat environment suit. 
The environmental control option also results in a much more 
comfortable suit, with lower heat fatigue over time. Incorpora- 
tion of environmental control reduces any agility penalty suffered 
by the armor by 1. (Armor with an Agility penalty of -2 becomes 

3 -1; armor with an Agility penalty of -1 loses its Agility penalty.) 
The environmental control option costs Cr6000. 
Helmet Sensor Suite: At tech level 10, compact sensor suites 

become available with sufficient resolution to negate the Initiative 
penalty associated with a visored helmet. These suites cost Cr750. 

Chameleon Option: At tech level 12, a chameleon surface 
becomes available for any full-body armor. The chameleon 

5 option selectively bleeds heat to match background IR levels 
and effectively renders the wearer invisible to IR sensors. The 
chameleon option costs Crl 000. 

Looking Class 0ption:At tech level 15, a looking glass surface 
/ 

6 

becomes available for any full-body armor. The looking glass 
surface changes color to match background colors and pat- 
terns, rendering the wearer nearly invisible when stationary. 
The suit adjusts gradually to its background (taking 1D20 
combat turns to fully adjust), so while moving the suit has no 
more effect than camouflage fatigues. 

The looking glass option costs Cr50,OOO. 
PsionicShield0ption:At tech level 12, a psionic shield option 

is available as an addition to helmets. The option costsCr4000 
and adds negligible volume to the armor. At tech level 12, it 
adds 1 kilogram to the mass of the helmet, but a t  tech level 1 3 
and beyond, the additional mass is negligible. 

In-Helmet Communicators: Communicators may be added 
to helmets and armor packages by selecting a communicator 
from the Electronics chapter and adding its mass and price to 
the cost of the helmet or armor. 

Advanced Sensors: Sensor suites may be added to armor by 
selecting asensorfromthe Electronicschapterandadding itsmass 
and price to the cost of the armor. The sensor data is displayed on 
the inside of the helmet visor or, if the helmet is not equippedwith 
an armored visor, on the inside of a clear plastic faceplate. 
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1. RIGID BODY ARMOR TABLE 
Hit Location Covered 

Full Visored Price 

10 Crvstaliron 8 2.1 2.1 4.2 1.4 4.2 0.35 0.7 90 

Note: Although iron cannot be mass-produced until tech level 3 and the same is true for soft steel a t  tech level 
4, both can be hand-forged in quantities sufficient for armor at two tech levels sooner. 

I I .  FLEXIBLE BODY ARMOR 
Hit Location Covered 

Full PRKE 
TL Material AV Chest Abdmn. Torso Arms Legs Helmet (Crperkg) 

5 Flak iacket 1 6 6 l ?  - - - 1 5  - - - .- I - - -  

25 - d - 7 Flak jacket 1 4 4 8 
7 Ballistic cloth 1* 2 2 4 1.3 4 - 80 

8 Ballistic weave 1 2 2 4 1.3 4 .5 100 

* Ballistic cloth is treated as no armor vs. edged melee weapons. 



Battle Dress: Battle dress incorporates a powered exoskeleton 
which, in addition to allowing heavier armor, also doubles the 
effective strength of a human and moves at regular human 
speeds. The table below shows a variety of basic exoskeletons 
available at different tech levels. After selecting an exoskeleton, 
armor, batteries, and other equipment (e.g., integral weapons, 
oxygen tanks, etc.) are added up to the maximum allowed mass 
the exoskeleton can carry. 

Each exoskeleton has a listed reduction in Initiative and Agility 
(except for the light TL-17 exoskeleton). 

Designers may overload an exoskeleton if desired, but each 
additional 10% of mass reduces Agility and Initiative by an 
additional 1 and reduces movement by 10%. The exoskeleton 
may not be overloaded by more than 30%. 

The rules on pages 39-40 on Agility penalties and benefits of 
environmental control do not apply to battle dress. Agility 
penalties and bonuses for environmental control are subsumed 
into the AGL penalties listed with the exoskeletons. All battle dress 
exoskeletons automatically include environmental control, as 
well asfilter/respiratorfittings which allowthe wearerto function 
in thin and tainted atmospheres, as well as under chemical/ 
biological warfare conditions. 

However, battle dress does require an outside source of oxy- 
gen. For use in vacuum, portable life support systems must be 
worn (see TNE, page 337). 

POWERED EXOSKELETONS 
Tl  SM MM MCr sv ACL INIT 

1 
12 0.1 0.23 0.1 1 1  100 -2 -1 

17 0.05 
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TL: Lowest tech level of availability. 
SM: Skeletal mass, the mass in tonnes of the rigid exoskeleton 

MM: Maximum mass of the suit, in tonnes, including the 

MCr: Price (in millions of credits) of the exoskeleton. Total price 

S V  Storage volume in liters of the empty armor. This includes 

ACL: The Agility penalty of the unit, assuming it i s  not 

INIT The Initiative penalty of the unit, assuming it is not 

Mw: Power requirement, in megawatts, equals the total mass of 

(including its power servos and supporting electronics). 

skeletal mass, armor mass, and power supply mass. 

of the battle dress unit will also include batteries and armor. 

space for power packs and armor. 

overloaded. 

overloaded. 

the unit (including power source and armor) times 0.014. 
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1 
CHAPTER 3 

Faster Than Light (FTL) Drives 

lnterstellardrives which allow avoidance of the limits of light speed form the basis of much science fiction. As there is  no known 
way to avoid the light speed barrier, science-fiction authors (including game designers) must find ways to get characters from 2 one star system to another expeditiously and using means which seem plausible given current scientific knowledge. After all, 
we do not yet know everything about the natural universe. Assuming that what we know is reasonably correct, what additional 
knowledge might enable FTL (faster-than-light) travel? 6 JUMP DRWES - 

"jump" drives enable starships to bypass the normal laws of 4 time and distance by travelling from star to star through another 
form of space. The drives push a ship into a tunnel through jump 
space, or "]-space," a conceptual universe with more elastic 
dimensions than normal space (N-space). Due to the unique 5 topology of j-space, the fall through the tunnel takes about one 
week(150 hours), regardless of the distance travelled in N-space. 
This time spent in the J-space tunnel is referred to as time "in the 
hole" by experienced travellers. 

As gravitational fields interFere with the alignment of the jump 
drive (and may cause a jump mishap), ships do not usually jump 
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until they are at least 100 planetary diameters away from the 
nearest world. 

jump drive machinery requirements are tied to the volume of 
the hull and the maximum distance the drive is capable of 
jumping the ship. There are upper limits on how many parsecs a 
ship may jump based on the tech level of the drive. The volume 
of the jump drives, asa percentage of the total volume of the ship, 
isequal to 1 plus the maximum jump number (in parsecs). So, for 
example, a ship capable of jump4 would have jump drives which 
filled 5% (1+4) of the intemalvolume of the ship. lfitwerea 100- 
ton ship (1400 cubic meters of volume), the jump drives would take 
up 70 C U ~ K  meters of volume. 

The Jump Drive table in the right-hand column lists the 
maximum allowed jump number, mass, and price of jump drives 
a t  each tech level. 

Important Note: The smallest jump drive possible, a t  any tech 
level, is 2 cubic meters in volume. 

Jump drives require fuel, displacement mass, and coolant, all of 
which are collectively called jump fuel (liquid hydrogen being 
usedforall threefunctions). Thefuelnecessaryforajumpof 1 parsec 
isequaltothe totalvolumeofthe jumpdrive machinerymukiplied by 
5 and divided bythedrive'smaximum jump number.Thus, shipswith 
higher jump performance make more efficient use of fuel a t  short 
distances. jump fuel weighs .07 tonnes per cubic meter. 

Fuel tankage itself is under Section 8, Power Production. 
To continue the example of the 1 OO-ton jump4 ship above, it 

would require (70xs/4=) 87.5 cubic meters of jump fuel per 
parsec jumped (up to a maximum of 4 parsecs, the limit of its 
drive). The ship would normally have at least 350 cubic meters of 
jump fuel tankage (enough for its 4-parsec maximum jump). 

JUMP DRIVE 
TL Maxlump Mass MCr 

15 6 2 0.3 

TL: Tech level of construction 
Max Jump: The longest allowed jump in parsecs. 
Mass: Mass in metric tonnes per cubic meter. 
MCr: Price in millions of credits per cubic meter of jump drive. 
Surface Area: Surface area in square meters equals cubic 

meters of jump drive i 3. 

ALTERNATWE TECllNOLVGlES 
The means bywhich FTL travel isaccomplished isan important 

element, perhaps the single most important element, in defining 
a feel of a science-fiction campaign. The following fTL drives are 
not available in the Imperial Space campaign of Traveller, but 
instead are presented as alternative means of cracking the C- 
barrier. 

Because the purpose of these alternative technologies is to 
allow referees to customize the background of their campaigns, 
the rules below should be seen as guidelines. Refereesshould feel 
free to change details to create the proper "look" for their 14 campaigns. 

Stutterwarp 
Of all the possibleforms of fTL travel, stutterwarpcomes closest 

to physical travel though spaceattrans-lightvelocities. Stutterwarp 
is an implementation on the macro scale of the tunneling 
phenomenon common to electrons. The proper introduction of 
energyin afieldaround theshipallowsitto move instantaneously 
from one location to another without passing through the 
intervening space. 

The distances that the stutterwarp can travel in one warp, 
however, areverysmall. Onecycle of thedrive moves theshipless 
than a few hundred meters. But by cycling the drive very rapidly, 
the ship can travel vast distances in very short times, even faster 
than light. 

SpeedlEfficiency Actual speed of a stutterwarp ship depends 
on the output of the power plant, the displacement of the craft 
that is being moved, and the amount of gravity through which 
it is being moved. In deep space, where gravity is less than 



0.0001 C, the warp efficiency is equal to parsecs per day. A warp 
efficiency 1 ship, for example, would require one week to travel 
between stars seven parsecs apart. 

In the inner system of a starwhere the gravity becomes greater 
than 0.0001 C, the efficiency of the stutterwarp drops off 
enormously (by a factor of proximately 10,000). Ships with 
stutterwarp in the inner system are still moving at  enormous 
speeds, but no longerat multi-light speeds. Stutterwarppowered 
ships travelling bebeen worlds in the innersystem can expecttravel 
times ranging from hours to, at  most a few days. 

Finally, when gravitation reaches about 0.1 C, the efficiency of 
the stutterwarp drives drops off once again. At O.lC, the 
stutterwarp has just enough efficiency to maintain orbit. above 
0.1 C, it cannot overcome the gravitational attraction and some 
other means of propulsion must be used. The major effect of this 
is that a stutterwarp drive cannot lift a vessel off of a world’s 
surface or even out of its atmosphere. Some other type of engine 
is required, or the vessel may carry landing craft. 

It is easy for a referee to determine at what distance from a 
planet or star these cut-off points are. Simply divide the body’s 
surface gravity by 0.1C or 0.0001C (depending on which 
distance youwish to know), takethesquarerootofthatvalue,and 
multiply it by the radius of the body in kilometers. The result will 
be the distance in kilometers from the body’s core at  which the 
cut-off points are located. 

For Sol, stutterwarp drives will not operate above light speed 
much beyond the asteroid belt, and they cannot overcome Sol’s 
attraction at all if they are within 1 1.6 million kilometers of Sol’s 
core (or about 10.9 million kilometers from Sol’s surface). For 
Terra, the cut-off pointsare atapproximately 638,000 kilometers 
and 20,000 kilometers. 

Designing Stutterwarp Ships: Stutterwarps are available at tech 
kvel l0 and beyond. Stutterwarps require a separate power plant 

Volume: The volume of a ship’s stutterwarp drive in cubic 
meters is equal to 2 plus the product of five times the square root 
oftheoutput(in megawatts)from the powerplant devotedtothe 
drive. 

v = 2 + (SdKiWjKiwj 
PricelThe price of the stutterwarp, in millions of credits, is equal 

to its volume multiplied by 0.3. 
Performance: The efficiency of the stutterwarp is equal to the 

product of the tech level efficiency multiplier times the cube root 
of the quantity: megawatts (devoted to the drive) divided by 10 
times the ship‘s displacement in displacement tons. The tech level 
efficiency multiplier of the stutterwarp is equal to the tech level of 
construction plus 4. 

E = T I ~ ~ -  
E: Efficiency 
Tlm: Tech level multiplier (tech level + 4) 
MW Power input to the drive. 
Surface Area: Surface area in n-+ equals volume in m3 i- 3. 

Stutterwarp Vessels in Combat: The stutterwarp is so much 
faster than conventional ships that it can literally “fly rings 
around” a C-maneuvering vessel. The craft’s stutterwarp effi- 

ciency multiplied by 4 (rounding fractions to the nearest whole 
number) is the number of range bands (hexes if playing Brilliant 
Lances) it can move in one minute. Since a combat turn is 30 1 
minutes long, multiply the speed (in hexes per minute) by 30 to 
find out how many hexes it can move per turn. (This will range 
from 120 to as much as 500.) 

segments. If a stutterwarp ship is facing a conventional vector 
movement ship, divide the turn into as many segments as the 
current velocity of the vector-movement ship (or the fastest 
vector-movement ship if there are several). Divide the stutterwarp 
ship’s movement by the number of segments in the tum. Each 

To make the game manageable, divide the turn into several 2 

segment the stutterwarp ship moves that many hexes (or range 
bands) and the hostile ship moves 1 (or the fastest hostile ship 
moves 1 and the slower ones either move or pass, making sure 
they move the correct total number of hexes in the complete 
turn). 

Ships may firesomeorall of theirweaponsinany segment, but 
may fire each of their weapons only once per turn. Ships which 
have increased rates of fire (due to increased power to energy 
weapons) may use this to make extra shots instead of a blanket 
lowered difficulty level. This may allow an energy weapon to fire 
five or even 10 times in tum, but it may fire no more often than 
once per segment. 

Regardless of how many hexes a ship moves in a segment, it 
may fire or be fired on a t  any point in its movement As it moves 
each hex, the owning player should pause briefly to let any 
opposing player declare attacks. 

If only stutterwarp ships are involved in the combat, divide the 
turn into 10 segments. 

Charge Buildup Limitation (Optional): Stutterwarp as de- 
scribed above is a tremendously versatile drive system. Often the 
dictates of a game require some limitation on the versatility of a 
drive, particularly if a military situation is being gamed. The 
following limitation has been used by us in the GDW 2300 AD“ 
future history. Its advantage is that it allows stars with planets to 
provide important way stations and choke points to travel. 
Without thisoption, itisverydifficult to havea ”frontier‘, between 
two powers. The first evidence of an invasion expedition would 
be the appearance of a hostile fleet in your capital’s star system. 
Therefore, the following is highly recommended. 

The structure of the stutterwarp drive imposes some limita- 
tions on distances travelled. As a stutterwarp drive tunnels, an 
energy charge builds up in its components. This charge is  
related to the total distance tunneled, rather than to the time 
the drive is in operation. When this charge reaches a critical 
threshold level, a rapid deterioration of the drive components 
begins, stalling the drive and releasing lethal radiation. The 
energy charge is  removed by discharging it in a gravity well. If 
the discharge is not made by the time the ship has travelled its 
range value in parsecs, the ship will be completely irradiated 
and the crew killed. The discharge must take place in a 
significant gravity well of a t  least 0.1 C, and it requires40 hours 
to complete. 

Note that in order to discharge into O.lC, a vessel must be 
orbiting a bodywhile discharging. Although 0.1 C is also the limit 
atwhich stutterwarp drives drop below the eftlciencyof conven- 
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tionaldrives, stutterwarp drivesare sufficient to makeany velocity 
changes necessary to maneuver a ship that is in orbit, as long as 1 the vessel does not drop below the 0.1 C distance. Stutterwarp 
vessels can also leave orbit without using conventional drives. 

Also, a stutterwarp vessel can use a planet to change its vector. 
To do so, the craft begins a shallow drop toward the planet. The 2 velocity it picks up in this drop is sufficient to slingshot it past the 
planet and beyond the 0.1 C limit, where its stutterwarp can be 
used to maneuver it away. 

Wormholes 
Wormholes are permanent or semi-permanent naturally oc- I currinq tunnels throuqh space. They allow travel from one end of 
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the wormhole to theother, and the hole may conceivably be of 
any length. Entry and exit points tend to be near large masses, 
such as stars or black holes. The fact that the wormholes can only 
be dKcomed, not created, lends a completely different topology to 
the universe. Wormholes are defined by two different characteristics: 
opening and length. 

Opening: Wormholes may be open or closed, indicating the 
degree of difficulty encountered when trying to enter them. 
Whether all wcrmholes are open, all closed, or there are a mix of 
the two types is entirely up to the referee. Open wormholes can 
be entered without any unusual expenditure of energy, and in 
fact, are often discovered by accident. Closed wormholes can be 
entered only by great expenditures of energy and are more difficult 
to detect ( l k y  are detected using densitometers.) 

Ships enter closed wormholes by means of “keyhole” drives. 

KEYHOLE DRIM TABU 
Jl Mi Vol 

c 11 2.5 1.75 
12 2 1.5 
13  1 .5 1.25 I( 

14 1.25 1 
15 1 0.75 
16 0.9 0.5 
18 0.8 0.25 
20 0.7 0.15 

Mj: Power, in megajoules, required per displacementton of craft. 
Vol: Volume of drive, in cubic meters, per displacement ton 

Price: All keyhole drives cost MCr0.3 per cubic meter of 

Mass: All keyhole drives mass 1 tonne per cubic meter. 
Surface Area: Surface area in mZ is equal to volume in m3 + 3. 

of craft. 

drive. 

In addition to the keyhole drive itself, the ship will usually have 
banks of capacitors to store energy from the power plant prior to 
the jump. Consult the Power Production chapter (Section 8) for 
a discussion of capacitors. 

Length: There are two aspects of wormhole length which are 
important: endpoint length and apparent length. Endpoint 
length is the distance between the two endpoints (openings) of 
the wormhole, and determines the practical real-universe dis- 

tance travelled through the wormhole. Endpoint length can 
either be determined randomly or deliberately set by the referee. 

Apparent length is the time actually spent in the wormhole 
while travelling, and is up to the referee. Several options should 
be considered. One is a constant apparent length. That is, no 
matter how great or short the endpoint length, a constant 
amount of time is spent in the wormhole. (This is similar to the 
time spent in J-space when using a jump drive.) A second is a 
scaled apparent time, where the time spent in the wormhole is 
proportional to the endpoint length of the wormhole. A ratio of 
time to parsecs should be established, and it can be as little as one 
hour per parsec to a week or more per parsec. A third option is no 
apparent length: travel is instantaneous. Afinal option is random 
apparent length, the assumption being that wormholes are not 
necessarily straight mathematical constructs and may meander. 
Wormholes with short endpoint lengths may have very long 
apparent lengths, and vice versa. This  option is perhaps the most 
interesting as it adds greater variety to the topography of your 
universe. 

Stargates 
There are two possibilities for including stargates in a game. 

One is the tightly closed-door wormhole opening and the other 
is the artificial (or “drilled”) wormhole. Within these general 
classes there are a number of sub-varieties. When establishing a 
universe using wormholes as transportation routes, remember 
that it is not necessary that every variety discussed below be 
included. Some of the most interesting science-fiction universes 
are the most restrictive with respect to travel. 

Closed Door: This really represents one more type of opening 
for a wormhole, and assumes that ships cannot easily carry 
equipment powerful enough to breach the wormhole opening. 
In this case, large gatesare builtat the wormhole openings which 
allow ships to pass through freely. 

Drilled Wormholes: These stargates are nothing more than 
artificially created (rather than naturally occurring) wormhole 
openings. In some cases, stargates maybe relics of long-vanished 
civilizations. There are two varieties of drilled wormholes: semi- 
permanent and transitory. 

In the case of semi-permanent drilled wormholes, the builders 
determine entry and exit points, and a gate has to be built a t  both 
ends before the wormhole can be activated. 

In the case of transitory wormholes, the gate serves as a very 
large directional-matter transporter which can teleport any ob- 
ject (including a ship) from the gate to any point within its 
maximum range. It essentially re-drills its wormhole every time it 
transfers volume. With that exception, all of the below consider- 
ations of stargate design must be addressed. 

Characteristics: Stargates are usually huge and require tre- 
mendous power. If near a star, power is usually supplied by solar 
collectors, while fusion reactors provide power in other cases. 
Unlike most forms of technology, we offer few hard guidelines 
here and instead leave the details up to the referee. However, we 
will outline what sorts of requirements need to be defined. 

Power requirements will be based on the displacement of 
objects passing though the gate, and will be expressed as Mj per 
displacement ton. The megajoules, rather than megawatt, nota- 



tion is used as the gate is not continuously powered, instead only 
requiring a burst of energy when an object enters the wormhole 
through the gate. As a result, gates often have capacitor or 
homopolar generator banks (see Section 8, Power Production) 
banks which require recharging between ship entries. 

Drilled wormholes are somewhat different, as both gates need to 
be continuouslypowered to maintain the wormhole bebeen them. 
This power requirement is in MW per parsec of endpoint length. 

The actual gate structure is heavy with complex electronic 
components, and has a volume equal to one displacementton 
(14 cubic meters) per displacement ton capacity. That is, 1000 
tonsof machinery are requiredfor a gate largeenoughfora 1000- 
ton ship topass through. Gate structure costs between MCrO.OO1 
and MCrl per displacement ton (at the referee's discretion) and 
masses 1 tonne per cubic meter (14 tonnes per displacement 
ton). 

STARCATE CHARACTERISTICS SUMMARY 
Gate Opening Energy: Mj per displacement ton 
Gate Sustaining Power: MW+parsec endpoint length 
Gate Capacity: In displacement tons 
Gate Volume: Gate capacity x 1. 
Gate Mass: Gate capacity (in displacement tons) x 14. 
Gate Price: Gate volume multiplied by the cost constant. 

Gate performance is affected by tech kvel. Tech level can provide 
both progressive increases in efficiencies and can also impose upper 
limits on endpoint length. It may also reduce the gate volume to a 
decimal multiplier of the gate capacity, such as 0.8 or 0.1. 

The table below is a sample description of what gate technol- 
ogy might be in a science-fiction universe. 

STARGATES 
TL EPL COE CSP Vol 

11 7 . 18 I 100 1 
12 8 16 100 1 
13 9 '4 .# 100 1 

?@.#I-."". 

?" * 1 4 A  10 12 100 0.9 
15 12 10 100 0.8 

F- 16 15 9 100 0.7 
18 20 8 100 0.6 

* 20 25 7 100 0.5 
21 30 6 100 0.4 

TL: Tech level of availability. 
EPL: Maximum endpoint length in parsecs. 
GOE Gate opening energy in megajoules per displacement 

ton of transferred volume. 
CSP: Gate sustaining power in megawatts per parsec of 

endpoint length. 
Vol: Volume of gate machinery, in displacement tons, per 

displacement ton of transfer capacity. 
Gate Mass: The mass of the gate, in tonnes, is equal to the 

volume of its machinery in displacement tons multiplied by 14. 
Gate Price: The price of the gate, in millions of credii, is equal to 

the volume of ib machinery in displacement tons multiplied by 28. 

Subs pace 
Subspace isa dupliiteofourphysil universe in srnallerxale. Ships 

whichentersubspace can mowfrompointtopointatsublghtspeed, 1 
butaniveattheirdestination soonerthan in normal space becausethe 
dibtance travelled is kss. In this respect, subspace bears some 
similarities to J-space (seethe discussion of jump drives above), but 
with some very important differences. 

Subspace does not resemble a vacuum, but instead resembles 
a fluid medium. Continuous energy is required to sustain forward 
motion through the resisting medium. In addition, each point in 
subspace has an analogous point in normal space (N-space) and 
a ship whose subspace drives fail will immediately reappear in N- 
space at the point corresponding to its previous subspace loca- 

2 

E 
tion. This also means that, although power is usually consumed 
in relation to speed, a certain amount of energy is consumed 
simply remaining in subspace, even if absolutely stationary, and 
this is called the "station-keeping'' power level. 

Subspace drives require separate power plants. The amount of 
energy channeled to the subspace drive, coupled with the 
efficiency of the drive, determines the speed of the craft. 

A variable volume of subspace drives may be installed, the 
volume of the drives limiting the total power that can be used in 
the drive. The drive's speed is determined by dividing the power 
(in megawatts) by the displacement (in displacement tons) and 
multiplying by the tech level efficiency modifier. 

V = (MW-iD) x Eff 
V Velocity 
MW Power input in megawatts 
D: Displacement in tons 
Eff: Tech level efficiency multiplier 

The volume requirements, ptices, and efficiency levels should be 
determined by the referee.Aswith thecase of stargates,we present the 
fdlahrving table as one example of subspace drives, but remind referees 
that they are free to change these values as much as desired. 

SUBSPACE DRIVES 
TL Vol Eff 

12 0.25 0.75 

14 0.15 0.85 

16 0.08 0.95 
"B v * v-r.. . -~ 

18 0.06 1 .oo 
20+ 0.04 1.10 

TL: Tech level of construction 
Vol: Cubic meters of drive per MW of power input. 
E f f  Drive efficiency multiplier. 
Mass: The mass of the drive, in tonnes, is equal to its volume 

Price: The price of the drive, in millions of credits, is equal to its 

Surface Area: Surface Area in m2equalsvolume incubic meters+ 3. 

in cubic meters. 

volume, in cubic meters, multiplied by 0.25. 
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S u b s p a c e  
Drive and Com- 1 bat: Normal Trav- 
eller starship sen- 
sors and commu- 
nicators are use- 2 less in subspace. 
Consult the Elec- 
tronics chapter 
(Section 5) for al- 
ternate equip- 
ment which is  
used in subswce. 
Missiles(unle&built 4 with subspace 
drives), sancasters, 
and force fEkls are 
likewise useless. La- 
sers, meson guns, 
and particle accel- 
emtorsmaybeused 
normally. With the 6 exception that di- 
ferent weapons, 
sensors, and communicatorsare used, the onlyotherdfierenceisthat 
each rangeband (hex in Bri!liant Lances) isO.01 parsec(0.0326 light- 7 years), approximately 1 million light-seconds. Spacecraft combat 
speed in range bands(hexes) pertum isequal totheirsubspace travel 
velocity multiplied by 200 (rounding fractional results to the nearest 

8 number)* 
Psionic Transfer Drive 

Psionic transfer (PT) drive uses a conventional power plant to 
artificially augment the psionic teleportation skill of a psion. This 9 technology normally assumes a cybernetic man-machine inter- 
face (usually by neural jack), but it can also be accomplished with 
computer empathy. Although machinery cannot duplicate the 
subtlety of a psionic field, it can amplify and strengthen it, which 
is what the psionic transfer drive does. 

The normal requirement that the psion have foreknowledge of 
the destination is still in effect, which limits the number of psions 11 capable of running a PT drive significantly. Usually both 
Teleportation and Clairvoyance skills are required. At tech levels 
16 and a h ,  the astrogation computer can store direct neural 
images of the location with sufficient clarity that psions can use them 1 2 in place of normal sensory input to orient themselves forthe transfer. 

No one burst of energy characterizes the PT drive, but it must 
run for a number of hours prior to the transfer equal to the 
planned transfer distance (in parsecs), and a like number of hours 

Range is determined by psionic power. The maximum psionic 
teleportation transfer range, in parsecs, is equal to the square root 
of the psionic power rolled for the task. Psions may attempt to 1 4 transfer for distances greater than can be guaranteed (the square 
root of the psion's Psionic Strength and Teleportation skill level), 

1 3 are spent in transfer. 

but if the additional D10 roll is insufficient to reach the destina- 
tion, a misjump occurs. Consult the Traveller main rules for the 
rules concerning misjumps. 

Note that psions often use Psi Booter when conducting PT 
operations. 

The volume requirements, prices, and efficiency levels should 
be determined by the referee. As with the case of stargates, we 
present the following table as one example of PT drives, but 
remind referees that they are free to change these valuesas much 
as desired. 

PT DRIVES 
TL Vol 

10 0.09 

12 0.07 

14 0.06 

20+ 0.04 

TL: Tech level of construction 
Vol: The volume of the PT drive is equal to the volume of the 

Mass: The mass of the drive, in tonnes, is equal to its volume 

Price: The price of the drive, in millions of credits, is equal to its 

MW: The power required for the drive, in megawatts, is equal 

craft multiplied by the value shown on the table. 

in cubic meters. 

volume, in cubic meters, multiplied by 0.25. 

to its volume in cubic meters. 



CHAPTER 4 
Controls 

Controls, for the purposes of these rules, include control systems 
proper, navigational aids, computers, and workstations. 

CONTROL SYSTEMS 
Control systemsincludecontml consolesfromwhich thecrewof acraft 

control its systems, and the inteiir circuitry linking the craft's electrical 
and mechanical systems to those controls. Installed computers must be 
from thesame tech level as thecontrols, and avionics and navigation aids 
may not be installed from a tech levd higher than that of thecontrols. 

CONTROLS 
Power Price Airframe 

5 Basic Mechanical - .0002 Fast Subsonic 

21+ Synaptic Fluidic 0.001 .003 Hypersonic 

Power: MW per displacement ton of the craft. 
Price: MCr per displacement ton of the craft. 
Airframe: Maximum airframe type that can be equipped with 

these controls (for use with aircraft design). 
Volume and Mass: Control systems used in vehicles and space- 

craft displace 0.014 cubic meters and mass 0.0014 tonnes per 
displacement ton of the hull. 

Aircraft Controls: The values on the Controls table are for 
spacecraftand vehicles, whosesizearecalculated in termsofvolume. 
As aircraft calculate size in terms of weight, some modification is 
necessary. Allcontrols mass0.014 tonnes pertonneof overall weight 
of the aircraft. Multiply the power and prices above by 1 0, and apply 
them per tonne of overall aircraft weight, 

R C V  Controls: Vehicles and spacecraft may be designed to 
function without on-board crews. Such craft require controls, avion- 
ics, and sensors, but do not require life support or computers. 
Vehicles intended specifically for RCVoperations are typically recon- 
naissance vehicles or military vehicles used in very high-threat 
environments. 

Remotely commanded vehicle (RCV) controls may be installed on 
any aircraft, vehicle, or spacecraft, In the case of aircraft and 
spacecraft, the RCVoption adds 10% to the mass, volume, and price 
of the controls. In the case of a- vehicle, it adds 1 % to the mass, 
volume, and price of the suspension. 

RCV controls require a sensor (usually a video camera) in the 
vehicle and a communication link between the vehicle and the 
operator. A simple video camera (available a t  tech level 6 and 
beyond) masses 2 kilograms, displaces 3 liters (allowing for traverse) 
and costs Crl 00. Communicators are selected from those available 
in the Electronics chapter. 

A number of RCVoperators are required equal to the number that 
the R C V  would require if it were manned. (A simple spacebome 
sensor drone only requires one operator, as coasting through space 
does not requiretheattention of a pilotthewayan atmosphericcraft 

does.) Each operator requires a workstation or crewstation (accord- 
ing to where the operators are located, i.e., in a vehicle, aircraft, or 
spacecraft; ground stations, which have lots of space, are treated as 
spacecraft and therefore use workstations) of a tech level equal to 
that of the RCV. 

For truly ambitious R C V  operations, in which a large, normally 
manned vehicle or spacecraft is converted to R C V  operations, each 
workstation or crewstation that is to function in the remote opera- 
tions must additionally have its mass, volume, and priceincreased by 
10%. Anumberof RCVcontrollersequaltothenormalcrewarerequired 
to operate it. Each RCV operator requires a workstation or crewstation 
identical to the one on the vehicle that it is remotely controlling. 

In addition, any RCV that would normally (Le., if it were manned) 
require one or more computers must have the appropriate number and 
type of computers installed with the workstations of its operators. 

For spaceborne RCV operations, the time lag inherent when R C V  
and operators are separated by a light-second or more create 
difficulties (increase the difficulty of all tasks by one level for each 
light-second apart). Operators of spaceborne sensor drones are 
therefore often equipped with MFDs to assist with these difficulties. 
In order to use the MFD's ability to ignore Diff Mods, the RCV must be 
within the MFD's extreme mnge (8xshort range listed on the MFDtable), 
50 the desgner must choose the range of such an MFD accordingly. 

WVRKSTATlVNS AND 
CREWSTATlONS 

Vehicles, aircraft, spacecraft, and many weapons require the 
allocation of workstations or crewstations to allow crewmembers to 
control important equipment or machinery. Workstations are used 
on spacecraft and very largevehicles which perform missions lasting 
days or more. Crewstations are used on aircraft and vehicles which 
are typically operated for 24 hours or less at a time. 

Thqe are each of two types: normal workstations and roomier 
bridge workstations, and cramped crewstations and roomier open 
crewstations. The only difference between these is their volumes. 
Guidelines for the use of the different types of stations are provided 
in the vehicle design sequences. 

The tech level of workstations/crewstations installed must be the 
same as the installed controls. 

WORKSTATIONS AND CREWSTATIONS 
Bridge Normal Crewstation 

TL W/S Vol W/S Vol Crmp/Open Mass MCr . .  

7 14 7 2.513.5 0.2 0.0005 

9 14 7 2.513.5 0.2 0.001 

13-16 14 7 2.513.5 0.2 0.002 

21 + 14 7 2.513.5 0.2 0.003 

Volume: In cubic meters. Under Crewstation, Crmp indicates the 
volume of a cramped crewstation, Open indicates the volume for an 
open crewstation. 

Mass: In tonnes 
MCr: Price in megacredits (millions of credits) 
W/S Workstation 
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NAVlGATlONNL NDS 
Flight avionics assist spacecraft and aircraft in maneuvering over 

theground and making takeoffsand landings, particularlyin difficult 
circumstances (such as night or inclement weather). Terrain follow- 
ing avionics assist lift vehicles, large lift craft (such as spacecraft with 
C-lifters), helicopters, and VTOL aircraft to fly a t  high speeds at  nap- 
of-the-earth altitude. Navigation aids assist vehicles in navigating 
across the surface of world. 

FLIGHT AVIONICS 
TL MCr Vol Mass MW Description 

5 .01 .0001 .0001 - Gyrocompass, barometric 
altimeter 

7 .10 .001 . 

10 .25 .001 .001 .1 Imaging EMS, inertiaVgravi- 

MCr: Price in MCr. If at any tech level higher than the level of 
introduction, price x 0.1; Vol: Displacement in cubic meters; Mass: 
Mass in metric tonnes; MW. Power requirement in MW; Descrip- 6 tion: TL 6 or better flight avionics necessaryfor a starship to land on 
the surface of a planet. Each level of avionics includes all features 
shown at lower tech levels as well. FLIR = forward-looking infrared, 
a focused high-resolution thermal-imaging device. 

TERRAIN-FOLLOWING AVIONICS 

tational positioning 5 

Vol Mass MCr NO€ 
7 

8 0.2 0.05 0.01 0 120 

8 

9 
16 0.03 0.03 0.01 8 200 

~n 
0.02 0.04 0.020 300 

20 0.01 0.05 0.024 400 

II 
1 I Vol: Volume in cubic meters(ki1oliters); Mass: Mass in metric tonnes; 

MCr: Price in millionsof credits; NOE Safe napeofthe earth (N0E)speed 
in kilometers perhour; Power: Powerrequirement, in MWisequaltoWt. 
Antenna: Antenna area, in square meters, is equal to Wt x 10. 

NAVIGATION AIDS 
TL MCr Vol Mass MW Description 

12 

7 .010 .001 .001 .01 Inertial Dositionina 
13 

-001 .001 .01 Integrates ICs positioning 14 lo MCr: Price in MCr. If a t  any tech level higher than level of 
introduction, price x 0.1; Vol: Displacement in cubic meters; Mass: 
Mass in metric tonnes; MW Power requirement in Mw; ICs: Inertial 
gravitational satellite 

COMPUTERS 
If a computer is  desired, select one from the list below. Any orbital 

or deep-space craft must have a t  least one computer, and jump 
capable craft require an additional computer. Space craft may use 
either standard or fiber-optic models of computers, or a mix of the 
two. 

Spacecraft generally have at least two computers: one is the 
primary, the other is a dedicated maintenance troubleshooter and 
safety backup; starships have three: one primary, one for jump 
capability/backup, and another for maintenance troubleshooting, 
which also functions as a backup. 

Aircraft with computers may use flight computers (Model Flt). 
Hypersonic aircraft should have two computers (but are only re- 
quired to have one); one is a safety backup. Supersonic and slower 
aircraft are not required to have computers, but may choose to do 
so to help with long-range sensors and weapons operations. 

Important Note: Acomputer may not be installed which is from 
a different tech level than the craft's control system. Acraft may not 
have installed sensors or master fire directors from tech levels higher 
than the installed computer or control system. Stor Fbcomputersare 
required for any craft fitted with an MFD, or a sensor with a short range 
greater than 30 kilometers. (Sensors with a short range of 30 kilometers 
or less do not require a computer.) 

COMPUTERS TABLE 
TL Mod MW Vol Mass MCr Mult 

6 S t  0.10 10 2 1.0 0.8 

0.4 0.6 

10 S t  0.30 6 1.2 1 0.45 

12 S t  0.40 8 1.6 3 0.35 

14 St  0.50 8 1.6 5 0.25 

16 St  0.60 6 1.2 10 0.1 5 

18 S t  0.60 4 0.8 12 0.1 1 

20 S t  0.50 2 0.4 14 0.07 

TL: Tech level of availability. 
Mod: Model S t  = Standard, Fb = Fiber-optic, Flt =flight 
Fiber-optic computers are available from TL 7 on. Multiply MW, 

volume, mass, and price by 2. Usually one or more of a starship's 
three computers are fiber-optic. 

Flight computers are simplified versions of the above computers 
optimized to perform a set number of routine flightfunctions. They 
may be used in place of standard computers on atmospheric and 
sub-orbital craft, although full-size computers may be installed as 
well. Flt computers do not provide maintenance point reduction. 
Multiply volume, MW, and mass by 0.1 and price by 0.001. 

MW Power requirement in MW 
Vol: Displacement in cubic meters 
Mass Mass in metric tonnes 
MCr: Price in millions of credits 
Mutt Control multiplier 



CHAPTER 5 
Electronics 1 

Electronics fall into three categories: comm unicators, sensors, and electronic countermeasures (ECM).The technologies discussed 
below in each of these categories are those available in the Imperial Space campaign universe. The fourth section in this chapter 
deals with alternative technologies, most of which are used in conjunction with alternative FTL drives. 

Electronics Pods: Any of the electronic systems listed below may be placed in streamlined pods for mounting on hardpoints on 
aircraft and liftvehicles. Each pod has a shell weight equal to 10% of its final weight. Each pod can mount an antenna with an antenna 
area equal to 1 square meter per lo00 kilograms (1 metric tonne) of total pod w g h t  

For all electronic systems which do not cakulate antenna priie separately, antenna price is equal to 0.25 times the total system cost, for 
purposes of replacing destmyd antennae. 

2 

3 
A COMMUNICATORS 

Communicatom can be either broadcast or tight beam. Radio is the 
principal form of broadcast communications while laser, maser, and meson 
communicatorsare tightbeam.Tight beam communicatorsaremuch more 
difficult to intercept or jam, but are also somewhat more complex and 
require that the transmitter know the precise location of the receiver. 

LASER COMMUNICATORS 

Range MCr MW 8 9 10 12 15 18 20 
Volume at Tech Level 

30 .005 .01 .016 .008 .006 .004 .001 - - 

300,000 .OS6 .15 -110 .OS5 .040 .028 .007 .003 .002 

Range: Short range in kilometers (or Astronomical Units, as 

Range Note: Maximum range in an atmosphere coded Thin or 

Volume: Cubic meters (kiloliters) 
MCr: Price in millions of credits 
MW. Power requirement in megawatts 
Mass: Mass, in metric tonnes, equals volume x 2 
Antenna: Antenna area equals 1 square meter for all versions 

indicated by the abbreviation AU) 

greater is 5000 km 

MASER COMMUNICATORS 
Volume at Tech Level 

Ranae MCr MW 8 9 10 12 IS 18 20 4 

P - 
Range: Short range in kilometers (or Astronomical Units, as 6 

indicated by the abbreviation AU) 
Volume: Cubic meters (kiloliters) 
MCr: Price in millions of credits 
MW Power requirement in megawatts 
Mass: Mass, in metric tonnes, equals volume x2 
Antenna: Antenna area equals 1 square meter for all versions 

MESON COMMUNICATORS 

7 

8 Volume at Tech Level 
Range MCr MW 15 16 18 20 

9 

10 

11 

Range: Short range in kilometers (or Astronomical Units, as 
indicated by the abbreviation AU) 

Volume: Cubic meters (kiloliters) 
MCr: Price in millions of credits. 
MW Power requirement in megawatts. 
Mass: Mass, in metric tonnes, equals volume x 2 
Antenna: Antenna area, in square meters, equals MW x 10, with 

a minimum of 1 square meter 

12 
RADIO COMMUNICATORS 

Volume at Tech Level 
Range MCr M W 5 6 7  8 10 12 15 18 20 

13 

1 A  
.001 .0001 I L )  

Range: Short range in kilometers (or Astronomical Units, as indicated by the abbreviation AU); Volume: Cubic meters (kiloliters); Price: 
Price in MCr. If TL 5, x3. If TL 6, x2; MW Power requirement, in megawatts; Mass: Mass, in metric tonnes, equals volume x 2; Antenna: 
Antenna area, in square meters, equals MW x 10. 
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B. SENSORS 
Sensors detect the presence of targets either by detecting energy 1 emitted by the target or by reflecting energy off of them and 

detecting the reflection. The first type of sensor is known as a passive 
sensor, since it does not emit energy of its own. The second type is 
called an active sensor, since it projects energy and bounces it off the 2 target. Radar, ladar, and active EMS are all active sensors, while 
passive EMS, high-resolution thermal, densitometers, neutrino sen- 
sors, and neural activity sensors are passive. 

Aside from signal power, there are two critical issues in sensor 3 design: antenna size and detector element size. 
Antenna size is important for two reasons. 
First, theabsolutesize(surface area)of an antenna determines the 

amount of energy it can collect.The larger a sensor, the moreenergy 
that can be collected from a faint target, thus the more sensitive the 4 sensoris.At highertech levels, thedetectionelementson thesensot's 
surface become more sensitive, allowing the absolute size of the 
sensor to decline with no diminution of sensitivity. 

Second, the diameter of a sensor determines its resolution, or 
ability to see detail by separating closely spaced objects into discrete 
images. Resolution is expressed as the linear dimension that can be 
resolved, and varies with the wavelength of radiation coming from 
the target (i.e., short wavelengths allow finer resolution, hence 6 greater detail), but varies inversely with sensor diameter. Thus, very 
high diameters are required to get good resolution in the infrared 
wavelengths that are so useful in space combat. This is  limited by 
physics, not technology. 

Because most ships cannot carry around huge 800-meter diam- 
eter dishes, some way must be found to decouple surface area from 
diameter.This method iscalled aperturesynthesis, in which theeffect 
of a large diameter dish is created by the use of one or more smaller 8 dishes. The way that this is done for spacecraft is to reduce the single 
large dish (or telescope, or whatever) into an array of several smaller 
dishes whose signals are processed and combined by a computer to 
createtheeffectof onesingle 1argedish.Theresolutionofasynthetic 9 aperture array with a distance X between the outermost edges of its 
outermost dishes is identical to a single large dish with a diameter of 
X (although its potential sensitivity is greatly reduced). On starships, 
these dishes are mounted on folding struts that allow them to be 1 0 extended outto the required distance. They can also be retracted for 
atmospheric entry, docking, etc., but cannot be used when re- 
tracted. 

There is a slightly different use of the synthetic aperture concept 1 1 that is used for active sensors on planetaryvehicles, typically aircraft. 
Computerized processing allows afast-moving vehicle to use its own 
speed to stretch its effectivesensor diameter along its flight path.The 
radar emits pulses at a fixed angle from its flight path (called 
staring," as opposed to "scanning" back and forth), and the 

computer electronically combines thesensor pulses returned during 
a period of flight time and integrates them into an image as detailed 
as if the sensor diameter was equal to the aircraft's speed times the 
period over which the pulses were built up. Naturally, flight must be 3 straight and level to allow accurate computations, and this only 
works for targets awayfrom the sensor platform's flight path, i.e., it 
cannot look directly ahead. A variation of this, inverse synthetic 
aperture, uses the target's relative motion, and allows the sensor to 1 4 lookstraight ahead, although this has inherentlyless resolution than 
normal synthetic aperture systems. 

I 
7 

However, this is only practical because of the relatively short 
ranges between planetary targets compared to the tremendous 
distances between space targets. In space, the relative speeds of 
sensor to target are insignificant compared to thedistances involved. 
Only an absolute increase in effective array diameter can address 
these issues. 

These antenna size issues affect all sensors, but are particularly 
important for passive sensors which must use the energy that is 
coming off the target. Active sensors pump energy at the target and 
listen for the echo, 50 they can make up for lack of antenna size by 
increasing radiated power, and by decreasing the wavelength of this 
power. 

The second critical issue is detector element size. Each detector 
elementin the receiver represents afixed proportion of the total area 
scanned by the sensor. If the signal received from an object is a 
smaller proportion of the "picture" drawn by the sensor than one 
detector element, resolution is reduced to a blob with no detail. 

Radar 
Radar is an active sensor which bounces radio waves off of targets 

and then detects the returning echoes. A radar requires a processor 
unit and an antenna. 

Processor Volume by Tech Level 
Short Range 5 6 7 8 9 

3 km 3 1 0.4 0.2 0.1 

300 km 300 100 40 20 10 

Volume: Volume in cubic meters (kiloliters) as shown 
MW Power requirement (in megawatts) equals processor volume 

Mass: Mass of the processor, in tonnes, equals volume x 2 
MCr: Price of the processor, in MCr, equals volume x 1 
Antenna: Antenna area (in square meters) equals volume times 

in cubic meters x 0.2 

the tech level modifier shown in the following table: 

TL Modifier 

Antenna Volume (cubic meters): Antenna area x 0.1 
Antenna Mass (in metric tonnes): Antenna area x 0.1 



Active E M S  
Active EMS incorporates a variety of active emitters and passive 

detectors covering most of the electromagnetic spectrum (EMS), 
making it a much more sophisticated version of radar. 

Volume (kl) by Tech Level 
ShortRange 10 1 1  72 14 76 18 20 

30 km 1.0 0.8 0.6 0.5 0.4 0.3 0.2 

3000 km 7.0 3.0 1.6 1.0 0.8 0.6 0.4 

60 000 km 13 6.0 2.5 1.4 1.2 0.9 0.6 

Volume: Volume in cubic meters (kiloliters) as shown. 
Power (MW): Volume x 5 
Price (MCr): Volume x 2 
Mass (tonnes): Volume x 2 
Antenna (square meters): Volume x 2. Antenna volume, mass, 

and price are subsumed in the total sensor package above. 

Ladar 
Ladar is  a tight beam active sensor that bounces laser light off of 

the targetand detects the ref1ection.h thelasercan scan averysmall 
area, it is used exclusively to lock onto a target after some other 
search sensor has detected it. 

Volume (kr) by T l  
Range 8 9 7 7  13 15 16 18 20 

300,000 - - - 2.5 0.6 0.2 0.04 0.01 

Range: Short range in kilometers 
Power Requirement (MW): Volume in cubic meters 
Mass (metric tonnes): Volume x 2 
Price (MCr): Volume x 10 
Antenna Area (square meters): Volume x 1. Antenna weight, 

price, and volume are subsumed in the above figures. 

Densitometer (Crav Shielded) 
Densitometers are survey instruments which allow determination 

ofcelestialobjectmassand mapping of mineraldeposits and gravitic 
anomalies. 

TL MW Vol Mass MCr 

12 1 15 -5 . 0.9 *t*g 

13 0.9 12 3 0.95 

15 0.4 7 1.5 1.5 
-mw * 14 0.5 9 2 .1 

16 0.3 4 1 1.5 

20 0.1 1 0.7 1.5 

MW Power requirement in megawatts. 
Vol: Volume in cubic meters. 
Mass: Mass in tonnes. 
MCr: Price in millions of credits. 
Antenna Area (square meters): MW x 100. 

Neutrino Sensor 
Neutrinosensorsareusefulwhen surveying astarsystem.Theyenable 

a ship to measure the intensity of fusion taking placew’thin a star as well 
as determine if any of the gas giants are failed stars. 

TL Vol MCr 

Vol: Volume in cubic meters. 
MCr: Price in millions of credits. 
MW All neutrino sensors require 0.01 MW of power for operation. 
Mass: All neutrino sensors have a mass in tonnes equal to their 

Neutrino sensors have no antennae. 
volume. 

Neural Activity Sensor 
Neural activity sensors detect and classify life forms according to 

their level of brain activity. 

14 0.025 0.005 0.00 

16 0.5 0.007 0.002 0.005 0.02 

20 50 0.01 0.002 0.003 0.03 

Range: Short range in kilometers. 
MW Power requirement in megawatts, 
Vol: Volume in cubic meters. 
Mass: Mass in tonnes. 
MCr: Price in millions of credits. 
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High-Resolution Thermal (HRT) 
HRT sensors are sophisticated visual sensors sensitive to infrared 

Volume by Tech Level 
AD AA 7 8 9 

1 radiation. 
Ranae 

d 

2 
30 OOO 5 20 1.5 0.6 

3 
150.000 90 6000 7 3.5 

A 210.000 400 125.000 - 9 4.5 
10 5 

7 2401000 800 500;OOO - 
Range: Short range (in kilometers) 
AD: Antenna diameter, in meters. If the antenna diameter is greater 

than the hull length (unmodified by configuration), the antenna must 
be a folding array. 

AA: Surface area of the antenna is square meters. At tech level 9, 
multiply antenna area by 0.5. 

Volume: The volume of the processor in cubic meters (kiloliters) as 
shown on the table. 

Antenna Volume: The volume of the antenna in cubic meters 
(kiloliters) is equal to the antenna area x 0.05 for a fixed array or x 0.1 
for a folding array. 

MW: Power requirement, in megawatts, is equal to the processor 
volume x 0.1. 

Processor Price: The processor price, in millions of credits, is equal to 
the processor volume x 1. 8 AntennaPrice:Theantennaprice, inmillionsofcredits, isequaltothe 
antenna volume x 1. 

Processor Mass: The mass of the processor, in tonnes, is equal to the 
processor volume x 2. 

Antenna Mass: The mass of the antenna, in tonnes, i s  equal to the 

6 
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9 antenna volume x 1. 
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Passive EMS 
Passive EMS uses large antenna arrays to detect any electromagnetic 

emanations from a potential target, such as heat or radio waves, or 
naturally reflected light waves. It is an extremely sophisticated and 
precise sensor. 

Volume by Tech Level 
Range AD AA 10 7 7  12 14 16 18 20 

240,000 400 50,000 4.5 4 3.5 3 2.5 2 1.5 

Range: Short range (in kilometers). 
Volume: The volume of the processor in cubic meters (kiloliters) as 

shown on the table. 
AD: Antenna diameter, in meters. If the antenna diameter is greater 

than the hull length (unmodified by configuration), the antenna must 
be a folding array. 

AA: Base surface area of the antenna in square meters. The actual 
surface area of the antenna is this value multiplied by a tech level 
modifier, as shown below: 

TL Modifier 

Antenna Volume: The volume of 
the antenna in cubic meters (kiloliters) 
is equal to the antenna area x 0.05 for 
a fixed arrayorx0.1 for afolding array. 

MW Power requirement, in MW, is 
equal to the processor volume x 0.1. 

Processor Price:The processor price, 
in millions of credits, is equal to the 
processor volume x 2. 

Antenna Price: The antenna price, 
in millions of credits, is equal to the 
antenna volume x 1. 

Processor Mass: The mass of the 
processor, in tonnes, is equal to the 
processor volume x 2. 

Antenna Mass: The mass of the 
antenna, in tonnes, is equal to the 
antenna volume x 1. 

11 WSVScope .001 .001". .005 .01000 .5 
12 WSVCoggle~ .0001 - .mol .00500 .3 



C. ELECTRONlC 
COUNTERMEASURES (ECM) 

Also known as electronic warfare (EW) equipment, ECM is designed to 
combat enemy sensors and communicaton by either disrupting their 
operation or locating them with an eye toward their destruction. 

Radio, Radar, and EMS Jammers 
Radio, radar, and EMS jammers have the same characteristics as 

1. Power use and price are multiplied by 2. 
2. Antenna size for the radar jammer is divided by 10. 
3. jammers may not be used as sensors or communicators, only for 

jamming. 
Radio jammers may only be used to jam radios; radar jammers may be 

used to jam radar or active EMS; and EMS jammers may be used to jam 
radios, radars, or active EMS. 

radios, radars, and active EMS sensors, with three exceptions. 

Area Jammers 
Area jamners degrade the effectiveness of sensors and communica- 

tors that attempt to function in their area of effect. The principal design 
decision, therefore, is the area of effect of the jammer, all other values 
being derived from that. The area of effect i s  defined as the radius of 
effect in kilometers. (Note that space-based area jammers routinely have 
an effect radius of 45,000 kilometers.) 

TL MW Vol 

14 .00036 .375 

18 .on01 8 3 75 

TL: Tech level of first availability. 
MW Power requirement, in megawatts, per kilometer of effect radius. 
Vol: Volume, in cubic meters, per megawatt of power. 
Mass: The mass of an area jammer, in tonnes, is equal to its volume 

Price: The price of an area jammer, in millions of credits, is equal to 
in cubic meters. 

its volume in cubic meters multiplied by 2. 

Sensor Decoys 
These require no power and instead are dispensors for decoy material, 

consisting of flares intended to duplicate the heat signature of the craft, 
metallic strips, sometimes self-inflating, which mimic the reflected 
signature ofthe craft, or anti-laser aerosols to disperse the laser lig ht and 
prevent it from providing a precise reflection. 

Decoys work on ladar (anti-laser aerosols), active radar or EMS 
(metallic chaff), or passive infrared such as HRT or passive EMS (heat 
flares). Designers may include different types of decoys on a craft, but 
each type only works on the specified sensor. A decoy increases the 
difficultyof atarget lock by1 ifofan equaltech levelwith respecttothesensor 
and increases it by 2 if from a highertech level. 

The required size of a decoy is 0.002 cubic meters for Sub-Micro size craft. 
Thisincreases byO.OO1 cubic meters per increaseintargetsize,sothataVery 
Small target requires 0.004 cubic meters per decoy. 

All decoys mass 0.5 metric tonnes per cubic meter and cost MCr5 per m3. 
Decoys are usually carried in internal automatic dispensers, but 

aircraft may also carry them using the electronic pods rule a t  the 
beginning of this chapter (page 49). They are dispensed one at  a time, 
buta dispensermay launchonedecoy persecond. Morethan onedecoy 
does not further decrease the chance of sensor locks. 

Whenusedwith planetarycombat, eachdecoylastsonecombattum, and 
affects all sensor attempts against the owning vehicle, regardless of direction. 

When used with Brilliant Lances, decoys are "popped" at the end of 
the Movement Phase, after all movement has been completed. In order 
to cover the ship as it moves throughout the turn, one decoy must be 

popped per C-turn expended that turn (0 C-turns expended still 
requires one decoy)formaneuver, andtwo perC-turn spentfor evasion. 
This full amount constitutes one "salvo." Each decoy salvo only affects 
sensors coming in through a single hexside (this includes sensor 
attemptswhich aretraced across eitheradjoining hexvertex), but affects 
all sensor scans made from that direction for the entire turn. Thus, aship 
which expended 4 C-turns for maneuver must pop 4 decoys to get 
protection across one hexside for a turn, 24 decoys to get 360" protection 
for that turn, or48 decoys for 360" coverage if it spent 4 C-tums on evasion. 

Decoy dispensers are hit by surface hits. They have a surface area of 
1 m' and have their hit capacities calculated on their loaded mass. 
Dispenser volume is equal to 2 times the volume of the decoys it holds, 
mass is 1 tonne per cubic meter, and cost is MCr0.001 per cubic meter. 

Radio, Radar, and EMS Direction Finder 
Direction-finding can be added as an option to any radar or active 

EMS array. (Passive EMS arrays already incorporate radio and radar DF 
capabilities.) Price is multiplied by 2 for radar, and by 1.5 for the EMS 
array. Stand-alone direction finders are also available beginning at TL 6. 
These have the same mass, volume, and antenna size of a radio of the 
same tech level, but the price is doubled, and the power requirement in 
MW is equal to the volume at  all ranges and tech levels. All direction 
finders work equally well versus radio, radar, or EMS emissions. 

Stealth 
Stealth design minimizes a craft's electromagnetic emissions in the most 

common bands(radioand IR), and uses electromagneticabsorbent material 
(EMAM) on the hull surface, thus making detection by active and passive 
sensors (radar and HRT) more difficult. 

Stealth design increases the difficulty of an HRT or radar lock on it by 
one difficulty level (two if from a higher tech level than the sensor), but 
has no effect on other types of sensors. 

Stealth aircraft may not have turrets, hardpoints, or any otherfeature 
which produces a drag point. Hypersonic airframes may not incorporate 
stealth design. 

Stealth design is available a t  TL 8 and higher.The following values are 
per displacement ton (14 cubic meters) of hull. When applying stealth 
to aircraft, multiply aircraft mass by 5 to determine effective displace- 
ment for purposes of EMM. (Note that this is notthesame displacement 
used to calculate the storage volume of the craft.) 

Volume (m') Mass (tonnes) Price (MCd . .  . .  

Electromagnetic Masking (EMM) 
Electromagnetic masking is an advanced form of stealth design, and 

includes radiators to dissipate immense IR signatures as well as more 
advanced electromagnetic absorbing material. EMM packages may not 
be installed in addition to stealth, but rather are used in place of it. EMM 
effects are +2 Diff Mods vs. HRT or radar, and +1 Diff Mods vs. passive 
or active EMS sensors. 
Unlikestealth design, EMM may be used on hypersonic airframes, and 

aircraft may carry hardpoint ordnance or other drag-producing fea- 
tures. However, EMM's effect on detection difficulty is reduced by one 
level if a hypersonic airframe is used, by one level if any drag-producing 
features are incorporated in the design, and thus is reduced bytwo levels 
if both effects are present. (Note, however, that an aircraft whose only 
drag-producing feature was hardpoint stores could gain back its +1 
modifier by dropping its stores.) 
EMM packages are available at  TL 10 and higher. The following values 

are per displacement ton (1 4 cubic meters) of hull. When applying EMM 
toaircraft, multiply aircraft mass by5 to detemine effective displacement for 
purposes of EMM. (Note that th6 is not the same displacement used to 
calculate the storage volume of the craft.) 

Power (MW) Vol (m') Mass (tonnes) Rad Price (MCr) 

Rad: Hull area used by IR radiators (in square meters). 
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D. ALTERNATE TECHNOLOGY 
The following electronic devices rely on FTL drive technolo- 

gies other than the J-space rationale of the Imperial Space 
campaign. 

Subspace Radio 
Subspace is explained in the alternate technology section of 

the FTL Drive chapter (Section 3). Since subspace consists of 
a resisting medium, it is possible to propagate waves through 
it and thus achieve FTLcommunication. Waves travel through 
the subspace medium at a constant velocity of 1 (N-space) 
parsec per hour, which imposes a time lag on subspace radio 
communication. 

Subspace radios consist of separate transmitters and receiv- 
ers. While transmitters are often quite bulky and their power 
requirements are based on their range, receivers are compara- 
tively simple and can pick up a signal a t  any range (provided 
it is from a transmitter capable of sending at  that range). 

SUBSPACE TRANSMITTER 
Volume at Tech Level 

Range MCr MW 9 10 7 7  12 14 16 18 20+ 

7 30 15 10 5 1 .1 .01 .01 

8 
Range: Short range in parsecs. 
Volume: Cubic meters (kiloliters). 

MW: Power requirement, in megawatts. 
Mass: Mass, in tonnes, equals volume x 2. 
Antenna: Antenna area, in square meters, equalsvolume in 

9 MCr: Price in MCr. 

1 0 cubic meters x 10. 

SUBSPACE RECEIVER 

11 

12 

TL Volume 

12 0.8 

14 0 4  -. . . .  

13 
18 0.01 

14 2 o+ 0.001 

Price: Price for a subspace receiver is  MCr0.05 a t  tech level 

M W  Power requirement is 0.001 megawatts at  all tech 

Mass: Mass, in. tonnes, equals volume in cubic meters. 

9 and MCrO.O1 at  all higher tech levels. 

levels. 

Subspace Active Sensor (SAS) 
just as waves propagated through subspace can be used to 

communicate, wave echoes can be used to detect objects in 
subspace in the same manner as radar or sonar. An active 
subspace sensor array requires a processor unit and an an- 
tenna. 

Processor Volume by Ted, level 
Range 9 10 1 1  12 13 14 IS 16 18+ 

0.02 30 10 4 2 1 .5 .4 .3 .2 
0.03 300 100 40 20 10 4 2 1 

200 30 15 8 4 2 1 - -  0.04 
40 20 15 8 4 2 
50 30 20 15 8 4 

- - -  0.05 
0.06 - - -  

Range: Short range in parsecs. 
Volume: Volume in cubic meters (kiloliters) as shown. 
M W  Power requirement (in megawatts) equals processor 

Mass: Mass of the processor, in tonnes, equals volume x 2. 
MCr: Price of the processor, in MCr, equals volume x 1 
Antenna: Antenna area (in square meters) equals volume 

volume in cubic meters x 0.2. 

times the tech level modifier shown below: 
TL MOdifiPf - - -. . . -. 
9 "" ' '' 8 
10 6 
11 4 
1 9  
I L  L 

I '  

14 1 
1 6+ 0.5 

Antenna Volume (cubic meters): Antenna area x 0.1 
Antenna Mass (in tonnes): Antenna area x 0.1 
Antenna Price (MCr): Antenna area x 0.05 

TL: Tech level of availability. 
Volume: Cubic meters (kiloliters), including antenna. 

54 



Passive Subspace Sensor (PASS) 
Subspace radio and active sensorwaves may be detected by 

passive sensors, as may the subspace "wake" of a starship. 
PASS arraysdo not require a great deal of power, but do require 
extremely sensitive antennae and sophisticated processor 
units. 

PASS arrayscan locate thesourcesofsubspace radio oractive 
sensors emissions well enough to provide target solutions, and 
so are useful combat sensors. Subspace wake sensing cannot 
detect the approach of a vessel, and so is not useful in combat. 
Instead the wake-sensing capability of PASS arrays is used as a 
means of tracking ships through subspace. 

PASS arrays consist of a processor and an antenna. 

PASS Processor Volume by Tech Level 
Range AD AA 9 10 12 14 16 18 20+ 

0.08 40 480 30 25 20 15 10 6 4 

0.2 200 12.000 40 35 30 25 20 15 10 
0.4'-' . 400'' 50,000 45 40 35 30 25' ' 20 * IS-"' 

Range: Short range (in parsecs). 
Processor Volume: The volume of the processor in cubic 

meters (kiloliters) as shown on the table. 
AD: Antenna diameter, in meters. If the antenna diameter is 

greater than the hull length (unmodified by configuration), 
the antenna must be a folding array. 

AA: Base surface area of the antenna in square meters. The 
actual surface area of the antenna is this value multiplied by a 
tech level modifier, as shown below: 

TL Modifier - _ _  - 

9 
0.5 10 

12 0.25 
0.1 25 14 

16 0.075 
18 0.025 

-e--- 

. . -  . - , . -I-2- - -I_ 

, IT - - T  I 

I 20+ 0.01 

Antenna Volume: The volume of the antenna in cubic 
meters (kiloliters) is equal to the antenna area x 0.05 for a fixed 
array or x 0.1 for a folding array. 

MW Power requirement, in MW, is equal to the processor 
volume x 0.1. 

Processor Price: The processor price, in millions of creditsl 
is equal to the processor volume x 2. 

Antenna Price: The antenna price, in millions of credits, is 

Processor Mass: The mass of the processor, in metric 

Antenna Mass: The mass of the antenna, in metf\c tonnes, 

equal to the antenna volume x 1. 

tonnes, is equal to the processor vo(urne x 2. 

is equal to the antenna volume x 1. 

Subspace Direction Finders 
Direction-finding can be added asan option to any subspace 

active sensor (SAS) array. (PASS arrays already incorporate DF 
capabilities.) Price is  multiplied by 1.5 for the SAS array. 

Stand-alone direction finders are also available beginning at 
TL 10. These have the same mass and volume of a subspace 
radio receiver of the same tech level, but the price is doubled, 
and the power requirement in MW is equal to 0.01 for all 
versions. All direction finders work equally well versus sub- 
space radio and SAS emissions. 

Subspace Jammers 
Subspace radio and subspace sensor jammers have the same 

characteristics as subspace radios and SAS arrays, with three 
exceptions. 

1. Power use and price are multiplied by 2. 
2. Antennasize forthesensorjammer isdivided by1 0. 
3. Jammers may not be used as sensors or communi- 

Radio jammers may only be used to jam radios; sensor 
cators, only for jamming. 

jammers may be used to jam SAS and PASS arrays. 

Tachyons 
Tachyons are conceptual particles which travel faster than 

the speed of light. The term "conceptual" is used advisedly. 
Tachyons were conceived of, not discovered, as an interesting 
thought exercise in theoretical physics. What would the 
properties be, it was queried, of a particle which existed only 
while travelling faster than light? 

Although there is no evidence that such a particle could 
actually exist (and ovenvhelming evidence that it does not), it 
has nevertheless found its way into science-fiction literature, 
and the same thought exercise leads authors to ask, "what if?" 
Nevertheless, tachyons should be approached with extreme 
caution if a hard science game is being played. They, like the 
Dean Drive (see the Lifters chapter, Section 10) are more at 
home with science fantasy than science fiction. 

Tachyonsallow FTLradioand active sensors, generally called 
"T-band" electronics. The same tables are used as for subspace 
radio, SAS arrays, ECM, and jammers, but the T-band waves 
move through N-space, not subspace. 

Note that T-band communicators and sensors, alone among 
the alternate electronics technologies, do not have an associ- 
ated FTL drive. 
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CHAPTER 6 
Defensive Systems 

Defensive systems refer to advanced technology methods of 
defeating attacks, methods which go beyond simply making armor 
thicker and harder. 

EXPLOSNE 
REACTNE ARMOR (ERA) 

Reactive armor is available a t  tech level 7 and beyond, and is a 
cheap alternative to composite and composite laminate armor. 
Reactive armor consists of a series of blocks of explosive material 
sandwiched between two metal plates. When a hollow charge 
(HEAP) warhead penetrates theouter metallic plate and contacts the 
explosive block behind it, the explosive detonates and blows the 
front metallic plate away from the vehicle. As the blocks are placed 
at an angle off of vertical, the plate blows off a t  an angle as well, 
removing part of the penetrator stream from the HEAP round. (See 
the Munitions chapter, beginning on page 135, for a discussion of 
how HEAP rounds penetrate armor.)This reduces the wnetration of 
the HEAP penetrator jet considerably. 

However, reactive armor has no effect on conventional solid 
penetrators, as the force of the explosion is  insufficient to break up 
the penetrator rod, and so does not reduce either the mass or the 
velocity of the penetrator. Likewise, reactive armor has no effect on 
lasers, particle accelerators, or meson guns, but does affect plasma 
and fusion guns in the same way as it affects HEAP rounds. 7 Detonation: If the explosive reactive armor (ERA) array of a vehicle 
is hit by any round with a penetration of 10 or greater, the array 
detonates. From then on, one-twentieth of the ERA on that vehicle 
face is missing (having been exploded). Each time a round hits that 8 vehicle side after that, roll 1 D20. If the number rolled is equal to or 
less than the number of times the armor has detonated on that face, 
theround hits barearm0r;ifitisgreaterthan that number, the round 
hits an intact part of the ERA. 

For example, a tank is hit in the front .by a round capable of 
detonating its ERA, and so one-twentieth of its ERA detonates. A 
second round hits and the player owning the vehicle rolls a D2O. If 
a 1 is rolled, the round hits bare armor, but a 7 is rolled, and so the 1 0 round hits intact ERA and detonates another section. When the next 
round hits the front of the tank it will hit bare armor on a roll of 2 or 
less. 

Armor Value: ERA never adds its AV unless it detonates, and it 1 1 never adds its AV against anything other than a HEAP round or a 
plasma or fusion bolt. If the round is HEAP or a plasma or fusion bolt 
and thearraydetonates, the array addsits AVto thatof the AVof the 
structural armor of the vehicle. 

Multiple Detonations: Whenever an ERA block explodes there is 
a chance that there will be a chain reaction of additional multiple 
detonations. Each type of ERA has a detonation number listed on the 
chart below. Whenever an ERA detonates, roll 1 D20. If the roll is 
equal to or less than the detonation number of the armor, there is a 
multiple detonation. If there is a multiple detonation, roll the D20 
again and that number rolled is the number of additional hit 
locations cleared of armor. 
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For example, a tankwith improved ERA(detonation numberof 3) 
is hit for the first time by a plasma bolt on a face protected by ERA. 
TheERAdetonatesand addsitsarmortothe basearmorforpurposes 
of stopping penetration by the plasma bolt. However, the owner of 
the tank rolls a 2 for multiple detonations, and since this is less than 
the detonation number of 3, there is a chain reaction multiple 
detonation. The player rolls a D20 again and this time rolls a 12. 
Twelveadditional hitlocationsarestrippedof ERA bythe blast,which 
means that the next time that face is hit by a round, it will hit bare 
armor on a roll of 13 or less and ERA on a roll of 14 or higher. 

Multiple Layers: Up to three layers of ERA may be added to the 
outside of a vehicle, but each layer after the first adds only half of its 
AVto the vehicle. The multiple detonation value of the ERA is sum of 
the detonation values of all the layers. 

For example, a vehicle with three layers of Improved ERA would 
have an AV of (1 M=) 32 in addition to its normal armor value, 
and would have a multiple detonation number of (3+3+3=) 9. 

Volume: ERA is seldom applied to the entire surface of a vehicle, 
and instead is usually applies to only one or two faces. First decide 
which faces of the vehicle will be covered. Next determine the 
volumeof adding 1 additional centimeter of armoron thatface(from 
the Ground or Lift Vehicle Design chapters). The volume of a single 
layer of ERA in cubic meters is equal to the volume of 1 additional 
centimeter of armor on that vehiile face multiplied by 20. 

Mass: ERA masses 4 tonnes per cubic meter of volume. 
Price:Thepriceof ERA, in millionsofcredits, is equal to thevolume 

of the array in cubic meters multiplied by 0.007. 
Replacement Blocks: ERA is usually customdesigned for each 

vehicle to fit thevehicle’s uniqueconfiguration. Replacement blocks 
may bepurchased, but are unique to each vehicle, and in fact each 
faceof each vehicle. Each replacement block hasvolume, mass, and 
price equal to that of one complete layer for that face divided by 20, 
and can replace one layer from a single detonation on that face. 
Twenty replacement blocks are required to replace one full layer on 
that face after a complete detonation. 

EXPLOSIVE REAC~IVE ARMOR 
TL Desmbtion Det AV 
/ Basic ERA 5 12 
8 ImmovedERA 3 16 

TL Tech level of first availability. 
Det: Detonation number (per layer) of the ERA. 
A X  Armor value added by the ERA when it detonates. 

DAMPERS, SCREENS, AND 
THE STRONG AND WEAK FORCES 

In ancient times, people often explained the physical world in 
terms of four universal elements: earth, air, fire, and water. Our 
modern understanding of physics revolves around four universal 
forces: electromagnetism, gravity, the strong, or nuclear, force, and 
the weak force (although it would now appear that the electromag- 
netic and weak forces are merely manifestations of the electroweak 
force, and that there is a color force underlying the strong-but 
Travellet‘s mandatedoesnottake usthatfar).Thestrongforceisthe 
force that holds the sub-atomic particles (protons and neutrons) of 
the atom’s nucleus together, and the weak force is related to the 
decay of subatomic particles. 



Manipulation of electromagnetism became possible a t  tech level 
3, but control and manipulation of theother forces has proven more 
difficult to master. Much of the advances in technology postulated 
in Traveller result from an abilityto manipulate thestrong and weak 
forces, and this ability is most directly used in the design of nuclear 
dampers and meson screens. 

Nuclear Dampers 
The creation of nuclear dampers is allowed by the understanding 

and manipulation of the strong and weak forces which control the 
stability of atomic nuclei. Nuclear damper units create interference 
fields in these forces, resulting in strong positive and negative nodes 
where the wave patterns intersect and interact. At negative nodes 
the forces are reduced, and a t  positive nodes they are reinforced. By 
selectively projecting these nodes onto a material, the atomic nuclei 
can be made more or less stable, depending upon the needs of the 
user. For example, by projecting a strong force negative node, the 
nucleons (particles of the nucleus: protons and neutrons) are held 
together less powerfully, allowing nucleons to escape (at early tech 
levels this use is imprecise, creating random transmutations, at  
higher tech levels it allows more reliable transmutation, albeit very 
expensively) at low energy levels. On the other hand, nodes can be 
projected that "freeze" a radioactive nucleus by preventing its decay 
and elimiriating dangerous radiation. 

The latter effect allows the manufacture of damper boxes that 
permit the transport of radioactive material without the need for 
heavy shielding. 

Nuclear damper screens are created by projecting these fields a t  
a distance to inhi bit the function of nuclear warheads. By sufficiently 
strengthening the strong force with a positive node, a nuclear 
damper can prevent fission chain reactions from beginning by 
eliminating the spontaneous fission in a supercritical mass that 
begins the chain reaction. The projection of negative nodes, causing 
the shed of nucleons, can be dangerous at early tech levels, as the 
release of low-energy neutrons initiates the fission of common 
nuclearwarhead materials. However, a t  highertech levels, the effect 
can cause large numbers of nuclei to dissociate so rapidly into non- 
fissile elements that there are insufficient nuclei to maintain a chain 
reaction. This is fortunate because it is also this effect of the screen that 
is necessarytoinhibitfusion warheads. Whileearlydampersinhibitfusion 
warheads by disabling their fission trggers, pure fusion can only be 
prevented by reducing the strong force that permits the fusion to occur. 

Nuclear Damper Screens: Unlike mostweapons, damper screens 
only have a single range. Targets within that range may be attacked 
and targets outside of that range may not. All attacks by nuclear 
dampen are Difficult tests for success, a successful attack rendering 
the warhead inert. 

When designing a nuclear damper, the designer specifies the 
range of the weapon in kilometers. All other values are derived from 
the Nuclear Damper Design table below. Space-based nuclear 
dampers must have a range of 30,000 kilometers in order to 
successfully intercept in-coming missiles. 

Nuclear dampers require a beam pointer with a short range equal 
to the damper's absolute range. They also require a normal worksta- 
tion for local control (or they may be controlled by an MFD which 
may control a number of dampers equal to its Diff Mod rating-this 
ratingonlyallows theMFDtocontrolmultipledampers, butdoesnot 
allow it to apply its Diff Mod negations to damper tasks). Dampers 
may also be fitted with sensors which allow them to make their own 
target locks if the vehicle's main sensors are knocked out. 

NUCLEAR DAMPER DESIGN 
TL MW Vol MCr 

1 
13 .00030 8 0.3 

15 .00010 11 1.5 

I 

2 16 .00008 13 2 
18 .00006 16 4 
20 .00003 18 6 

3 

4 

5 

TL: Tech level of construction. 
MW: Power, in megawatts, equals the range in kilometers multi- 

Vol: The volume of the damper, in cubic meters, i s  equal to its 

MCr:Thepriceofthedamper, in millionsofcredits,isequal tothe 

Mass: The mass of the damper, in metric tonnes, is equal to its 

AntennaArea:Theantenna area of thedamper, in square meters, 

plied by the value shown on the table. 

power in megawatts multiplied by the value on the table. 

power in megawatts multiplied by the value on the table. 

volume in cubic meters. 

is equal to its volume multiplied by 0.1. 

Nuclear Damper Boxes: Nuclear damper boxes are used to 

tech levels 11 and higher. Damper box design depends on the 
transport radioactive materials safely. Damper boxes are available a t  

. .  
capacity of the box, which is expressed in tonnes of fissionable 
material. All other values are derived from the capacity of the box, as 
indicated below. 

Mass:Themassofthebox, in metrictonnes, isequaltoitscapacity 
multiplied by 0.3. 

Volume: The volume of the box is equal to its capacity multiplied 
by 1.2. 

Price: The price of the box, in millions of credits, i s  equal to its 
capacity multiplied by 0.33 unless the capacity of the box is 1 tonne 
or greater, in which case the price is equal to the sum of 0.9 plus the 
product of the capacity of the box multiplied by 0.03. (MCr = 0.9 
+ [0.03xCap]) 

Power: The power requirement of the box, in megawatts, is equal 
to its capacity in tonnes multiplied by 0.001. 

Meson Screens 
A meson screen is another application of the ability to manipulate 

the strong force, which is transmitted by mesons. A meson screen 
projects an energy field surrounding the screen generator which 
slows and prematurely detonates high-energy mesons.Thedesigner 
specifies only the power requirement (in MW) of the meson screen; 
all other values are derived from the power requirement, tech level, 
and volume of protected space. 

Vol: The meson screen generator'svolume, in cubic meters equals 
MW x 20. 

Mass: The meson screen generator's mass, in metric tonnes, 
equals Vol x 0.75. 

AA: The meson screen generator's antenna area, in square meters, 
equals MW x 10. 

MCr: The meson screen generatots price, in millions of credits, 
equals Vol x 0.1. 
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Performance: The meson screen generates a Protection Value for 
the target which is used against incoming meson guns. The Protec- 1 tion Value is derived by the following formula: 

PV = TLM x dMW+TSM 

PV= Protection value 
TLM = Tech level multiplier 
TSM =Target size modifier 2 

TECH LEVEL MODIFIERS 
- TL TLM 

12 50 
13 60 
14 70 

. I. . 
3 

15 80 ._  _. 

16 90 
17 100 
18 . " l o 5  
19 110 
20 115 
21 120 

.~ 
4 

5 
TARGET SIZE MODIFIERS 

Size TSM 

7 

8 

9 

10 

11 

Each meson screen requires crew equal to the mass of the screen 
(in tonnes+ 100, timesthecomputercontrol multiplier(round tothe 
nearest whole number, but must be a t  least 1). Each crewmember 
requiresonenormalworkstationinstalledaspartofthescreen installation. 

SANDCASTERS 
All sandcaster turrets fit in the standard turret hardpoint socket. 

Each turret weighs 50 tonnes and requires 1MW of continuous 
power while in operation. 

The table below lists the price of the turret in megacredits, the 
number of sand cannisters carried in the turret, and the beam 
reduction made per successful beam interception. Additional sand 
cannisters may be stored in cargo, but it takes one hour to resupply 
a turret. Individual sand cannisters have avolumeof 0.5m3, mass 0.5 
tonnes, and have a cost in credits as indicated on the table. 

TL MCr Carried Reduction Cr 
Cannisters Beam Cann 

11 0.75 24 1 D1 Ox5 600 

15-1 6 1 50 2D1 Ox5 1000 
13 

. .  
17-18 1.2 54 2D20x5 1500 

Sandcasters fire cannisters of ablative crystals, commonly called 
"sand." Each sandcaster also contains a generator which creates a 
field used to manipulate the location and shape of the cloud of 

crystals. At early tech levels, these fields are electromagnetic, and 
require magnetic sand. More advanced systems supplement, then 
supplant, the magnetic manipulation with gravitic manipulation, 
which allows the use of more effective nonmagnetic crystals. 

These clouds are placed in the path of incoming beam weapons, 
and the beams expend their energy burning through the cloud. The 
sandcaster operator uses integral laser warning sensors to detect fire 
control locks and anticipate incoming beam fire. Each successful 
sandcaster hit reduces the beam by the indicated amount, and requires 
that another cannister be expended to replace the burned sand. 

ELECTROSTATlC AR/MoR (€SA) 
Electrostatic armor is, until the development of the meson screen, 

the closest realistic analog to the classic "force field" of science 
fiction. The protected target (usually a vehicle or aircraft) is sur- 
rounded by a low-power static field linked to a fully charged high- 
energy capacitor. When an object enters the field (and provided it falls 
within fairly narrowly defined parameters for mass and velocity) the 
capacitor discharges its energy which vaporizes the foreign object 

The massive power discharge is triggered by entry of detectable 
mass in the field, and so it has no effect on lasers and no significant 
effect on particle accelerator weapon systems (PAWS). It was origi- 
nally designed as a counter to hyper-velocity tank rounds, but it is 
difficult to generate sufficient power to completely vaporize the 
dense penetrators of most large-caliber CPR guns and mass drivers. 
As a result, electrostatic armor is usually used as an adjunct to, rather 
than a replacement for, a conventional armored envelope. Due to 
the low mass of the penetrator stream of a HEAP round or a plasma 
bolt, however, electrostatic armor is extremely effective against 
HEAP rounds and both plasma and fusion guns. 

ESAsystems will have an armor valuewhich is  usually added to the 
base armor value of the protected target. The full AV is added versus 
HE, HEAP, plasma bolt, and fusion bolt attacks. Half the AV is added 
versus KEAP attacks. No AV is added versus laser and PAWS attacks. 

ESA Design: The E M  system itself consists of a field generator and a 
homopolar generator. The designer specifies the discharge power, in 
megajoules, of the field generator. All other values are derived from the 
field generatot's discharge power.The homopolar generator must have 
adixhargecapacityequal tothedischarge powerof thefield generator. 

FIELD GENERATOR 
TL Vol MCr AV 

10. 0.3 0.8 5 
11 0.2 0.6 5.5 
12 
14 0.1 0.4 

0.1 5 0.5 6 
7 

16 0.075 0.3 8 

20 0.025 0.2 10 

TL: Tech level of construction. 
Vol: The volume of the field generator, in m3, is equal to its discharge 

power in megajoules multiplied by the value shown on the table. 
MCr: The priie of the field generator, in MCr, is equal to discharge 

power in megajoules multiplied by the value shown on the table. 
A V  The armor value of the system is equal to the discharge power 

(in megajoules) multiplied by the value shown on the table, multi- 
plied by the target size AV multiplier (see table below). This value is 
used versus HEAP rounds and both plasma and fusion guns. Half this 
value is used against KEAP rounds. 



TARGET SIZE Av MuLnPLlER 
Size Multiplier 

Mass Generator mass, in tonnes, is equal to volume in m3 x 2 

Homopolar Generatoc Direct electrical power requires the in- 
stallation of a homopolar generator (HPC), seethe Power Production 
chapter (Section 8). The HPC must be of sufficient size to store the 
EA'S one-shot energyoutput as defined immediately above. Calcu- 
late the volume of HPC needed by multiplying the ESA's discharge 
energy (DE) in MJ by thevalue on the HPG table. 

Rate or Fire: Define the ESA's rate of fire (ROF). As ESAs have no 
effect on lasers and PAWS, they are used almost exclusively in 
planetary combat and so ROF is calculated on the basis of a five- 
second combat tum. The rateof fireis equal to thecontinuous power 
input from the power plant, in megawatts, multiplied by 5 and 
divided by the discharge power in megajoules. The result is the 
number of times per five-second combat turn that the ESA will add 
its value to the vehicle's basic armor. 

Note that in many cases the ROF value will be less than 1. In this 
case, the ESA homopolar generator requires one or more turns to 
recharge before it can be used again. Divide 1 by the ROF result, 
rounding all fractional results up, to determine how many turns the 
homopolar generator must recharge before it can fire again. 

Explosive Power Generation: Some ESA systems are not tied to 
a continuously running power plant, and instead rely upon explosive 
generation of power to recharge the homopolar generator. See the 
Power Production chapter (Section 8) for details of explosive power 
generators. 

TRACTORS AND REPULSORS 
Both tractors and repulsors are advanced devices based on 

artificial gravity technology. Tractors are large, focused artificial 
gravity attractors. When directed a t  other craft, they draw them in 
or restrict their agility. Repulsors are large, focused but negatively 
polarized artificial gravity projectors available at  very high tech levels. 
When directed a t  incoming missiles or other foreign objects, they 
deflect them away from their target. 

The performance of both tractors and repulsors is expressed in 
terms of tonnes of thrust per cubic meter of projector. If a tractor or 
repulsor operator makes a successful task roll, the power of the 
weapon may be applied to the target, either as acceleration toward 
(tractor) or away from (repulsor) the projector. 

The manipulator is a combination tractor/repulsor which allows 
fine control over the object being targeted. Because a tractor can 
only pull objects toward itself, it cannot stop them once they are 
close aboard. A manipulator can apply tractor and repulsor thrust  to 
an object to place it beside the projector at a relative net vector of 
zero. Manipulatorsareoften installed in large, otherwise empty bays 
which they load with large, unwieldycargoes, and then unload at the 
destination. 

The tablein the nextcolumn shows the tonnes of thrustgenerated 
per kiloliter (cubic meter) of tractor or repulsor projector installed. 

Tonnes per kiloliter of 
projector at tech level 

Price Power 12 14 16 18 20 

Range Modifier .1 .01 .001 .0001 .00001 

Price: Millions of credits per cubic meter of projector. 
Power: Power requirements are in megawatts per tonne of 

applied thrust. 
Mass: Massin tonnesof anygraviticprojectorisequal toitsvolume 

in cubic meters. 

Thesystem requires a workstation and a beam pointerto function. 
The beam pointer determines the range of the weapon for purposes 
of achieving a hit. However, power drops dramatically with range. 
Divide power by the the product of the range in kilometers multi- 
plied by the tech level range modifier, shown on the bottom line of 
the table. However, any product of range times modifier less than 1 
is rounded up to 1. 

FORCE FlELDS 
True force fields are a result of an increased ability to manipulate 

subatomic particles as well as a deeper understanding of the 
sensitivity of those to electromagnetic radiation. The earliest force 
fields are called black globes, due to the fact that they are effectively 
opaque to all forms of matter and electromagnetic energy encoun- 
tering the field from both the inside and outside. Since they absorb 
all light,from both theinsideand outside theylookcompletely black. 

The field itself is a cloud of free electrons held in place by an 
electromagnetic field. Freeelectrons are thosewhich arenot bonded 
to an atomic nucleus, and are therefore capable of absorbing and 
emitting electromagnetic energy of any wavelength. Early dexrip 
tions of black globes as "free electron lasers in reverse" are not 
entirely accurate, but it i s  true that the same characteristics of free 
electrons which make FELs possible are utilized in the force field. 

Since early versions of the field were omnidirectional, ships with 
the field up were unable to sense targets, fire, or maneuver. At short 
range, this presented tremendous tactical problems, since the lack 
of maneuverability made the target solution by hostiles trivial and 
allowed an enemytosimplypumpenergyinto theglobe(bymeans 
of any and all directed energyweapons) until the field collapsed.The 
solution was to "flicker" the black globe, allowing the ship to 
maneuver, sense, and fire while absorbing a portion of the incoming 
energy of weapons. While maneuver was limited, firing by energy 
weapons was at  full effectiveness: The pulses of the ship's energy 
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weapons were timed to the flicker of the shield much as with the 
interruptorgearson primitive propellerdriven fighter aircraft Higher 
tech levels allowed a more rapid flicker rate. 

The next step beyond the black globe, however, was the white 
globe, a unidirectional force field that allowed a ship to maneuver 
and fire whilecompletelyshielded from enemyfire. Because the field 
is unidirectional, energy can pass freely out through the barrier, but 
this still poses difficulties for incoming communications and sensor 
data. As a result, white globes are tuned to allow certain narrow 
wavelengths of energy through. These are usually wavelengths 
which are not particularly useful for weaponry, particularly space- 
based weaponry. White globe-equipped ships thus tend to rely 
heavily on infrared wavelength radiation for sensors and make 
extensive use of masers for tight beam communication. 
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A critical concern in force field architecture is what to do with the 
energy the field absorbs. Blackglobe-equipped ships store it in HPC 1 banks and in combat often shut down their power plants, substitut- 
ing energyfrom the HPC banks to power critical ship systems. Some 
vessels mount additional large lasers or particle weapons which are 
not normally powered by the ship’s power plant, and instead are fed 

White globes have less problem with radiating energy, as the 
electron globe of the field can radiate energy outward as easily as it 
can absorb it (which is  why it glows white while in use). The energy 
is first cycled through the system’s HPG bank, however, and is  then 3 discharged back to an unengaged part of the electron cloud for 
transmission outward. As a result, white globes are not limited in the 
total amount of energy they can absorb, but only in the volume of 
energy they can process in a given amount of time. This is deter- 4 mined by the size of the HPG banks and engineers refer to this limit 
as the ”traffic flow ceiling.” 

Important Note: If an erected force field comes into contact with 
large quantities of matter (a vehicle of 50 displacement tons or 5 greater, a large asteroid, planet, etc.), the generator is immediately 
overloaded and destroyed, and its HPC sink immediately suffers a 
catastrophic detonation, causing 1D2O critical hits. As the field 
attempts to drain all of the kinetic energy of the large mass, cooling 

drained by theglobe, rapidly overloading the generator, as it cannot 
possibly contain all of the energy in a system that large. 

2 solely by intercepted incoming energy from hostile fire. 

it to absolute zero, energy is drawn from the entire mass to be 
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DESlGNlNG FORCE FlEWS 
Force field defensive systems consist of two subcomponents: the 

force field generator and the homopolar generator/energy sink. 
Force field generators are described on the following table. 

FORCE FIELD GENERATORS 
TL Type Flicker Power Vol MCr 

15 Black 20% 20 200 600 

15 Black 40% 30 350 1000 

TL: Tech level of first availability. 
Type: Black globe or white globe. 
Flicker: Operational flicker rate. 
Power: Megawatts of power input required for operation of the 

1 2 
generator. 

13 

14 

Vol: Volume in cubic meters of the generator. 
MCr: Price in millions of credits of the generator. 
Mass: All generators mass 1 tonne per cubic meter. 

Protected Volume: Power requirements increase as the volume 
of the protected target increases. Multiplythosevalues bytheship’s 
target size multipliers shown in the Target Size Multiplier table: 

TARGET SIZE MULTIPLIERS 
Size Multbliers - _ _  

VS and smaller xl 
S x2 
M x3 
L x4 

VL x5 
C x6 

Note that deployed folding HRTor Passive EMS arrays increase the 
effective target size of a ship for purposes of force field protected 
volume. On the following chart, use the diameter of the deployed 
sensor to find the minimum protected volume required, which reads 
out in target size as used on the Target Size Multipliers table above. 
This will require a greater amount of power to run the force field. If 
insufficient power is provided to run the field a t  the larger volume 
required for the extended array, the sensor must be retracted, and 
may not be used while the force field is on. 

SENSOR ARRAY MINIMUM VOLUME 
Antenno Diameter Min Vol (Target Size) 

1 zoo+ C 

HPG Bank Any size homopolar generator may be selected forthe 
system. The storage capacity of the HPC subcomponent (or HPC 
bank) is the maximum powerwhich may bestored bya blackglobe 
before catastrophic discharge. White globes are continuously dis- 
charging, so there is  considerably less danger of an overload. 
However, incoming power is st i l l  cycled through the system and the 
peak power per 30-minute starship combat turn which can be 
processed by the field is equal to the power of the installed HPC 
system. The peak power per five-second planetary combat turn 
which can be processed by the field is equal to the above value 
divided by 360. 

Note that 35% of thevolumeof a jumpdriveconsistsof capacitor/ 
HPC banks. The jump drive capacitors may be used to store energy 
along with/in lieu of specifically installed HPCs. Multiply the jump 
drive volume by 0.35, and divide the result by the correct TL entry 
on the Homopolar Generator Energy Capacity table. This is the 
capacityofthe jumpdriveHPC/capacitors in megajoules.Md thistothe 
capacityof thespeciallyinstalled HPCstogetthetotaltraff~fiowceiling. 

Solar Array: Black globes function as excellent solar arrays for 
ships with power plant damage. Look on the Sensor Array Minimum 
Volume table, and find the number in the “Antenna Diameter“ 
column corresponding to the chosen protected volume. A full-up 
black globe in the habitable zone of a star produces power in 
megawatts equal to 0.1 times the Antenna Diameter figure squared 
(multiplythisvalue by10 in theinnerzone,and byO.O1 in theouter 
zone). If the globe is set to flicker, multiply this result by the flicker rate. 



CHAPTER 7 
Optional Features 

These items are used almost exclusiwly on spacecraft, and constitute 
an assortment of featureswhich do notfall into any other major category. 

Fuel Scoops 
Fuel scoops may be added to any design. These allow a vessel to 

skim the free raw materials for liquid hydrogen (LHyd) fuel from 
Oceans or gas giant atmospheres. They do not consume any volume 
or add to the mas of the vessel. Fuel scoops do consume surface 
area.EachS%of acraft'stotalsurfaceareagiven tofuelscoopsallows 
the craft to scoop fuel equal to 20% of its total volume per hour (i.e., 
a 100-tonshipwithfuelscoopscovering 1096ofitssurfacecanscoop 
40 displacement tons of fuel per hour). Cost to add fuel scoops to a 
design is MCr0.000075 per cubic meter of hull. 

FUEL PURIFICATION PLANT 
JL MW Vol Mass MCr MinVol 

11 0.007 0.45 0.9 0.00017 95 

13 0.005 0.35 0.7 0.00015 65 
"14 0.005 0.25 0.5 0.00014 55 
15 0.005 0.2 0.4 0.00015 40 
16 0.005 0.15 0.3 0.00016 25 

0.00017 15 17 0.005 0.1 0.2 
18+ ''- 0.005- 0.05 * 0.1 0.00018 5 

Vol: Volume in cubic meters. 
Mass: Mass in tonnes. 
MCr: Price in millions of credits. 
M W  Power requirement in megawatts. 
All values are per kiloliter of fuel processed per 6 hours. 

I .  

SPECIAL FACILITIES 
Description Vol Mass MCr MW 

Machine Shop 140 120 2 1 1 
Sick Bay 112 50 5 0.8 

A L Vol: Volume in cubic meters (kiloliters). 
Mass: Total mass in tonnes. 
MCr: Price in millions of credits. 
MW: Power requirement in megawatts. 3 

Internal Hanaar hacious) x4 0.2 .0002 - 4 

VEHICLE SERVICE FACILITIES 
Description Vol Mass MCr MW 

Launch Tube x25 0.5 .00015 .01 

5 

6 Volume: Multiply the craft or vehicle volume by the value shown 

Masc The mass in tonnes per cubic meter of installation. 
MCr:The price, in MCr, per cubic meter of installation. 
SurfaceArea:All of the facilities requiresurfacearea exceptforthe 

hangars (which require launch ports, below). The launch tube 
requires area in m2 equal to 2xL2 where L equals the basic length as 
takenfrom theHull Sizetable, unmodified byhullform,of thelargest 
craft that will use the tube. 

craft carried by the grapple. 

to determine the facility volume. 

I 
Grapples require area equal to the square of the final length of the 8 
MW: Power requirement per cubic meter of installation. 
Hangar Space: Spacious hangars allow all repair and maintenance 
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tasks to be conducted a t  normal difficulty levels. Minimal hangars 
increasethedifficultylevelof allsuch tasks byonelevel. Docking rings 

External Crapp1e:Types listed arefor unstreamlined (USL), stream- 
lined (SL), and airframe (AF) hulls of the carrying ship, not the carried 
craft. Note that the volumeof craft carried in external grapplesis not 
subtracted from the available hull volume of the carrying ship, 
although the volume of the grapple is. Remember that the volume 
of the carrying ship plus all externally carried craft is used when 
calculating the required amount of maneuver drive and jump drive. 

By selecting the type of grapple that corresponds to its hull 
streamlining, the vessel may carry externally mounted craft without 
compromising its streamlining configuration, so long as the exter- 
nally mounted craft also meets that configuration. If the grapple or 
craft's configuration is lower than that of the overall hull, the ship is 4 limited to the lower configuration if it is carrying the craft. If the craft 
is detached, the hull's configuration may be used. 

1 allow no maintenance or repair. 

ACCESS PORTS 
Area MCr 

Larqe Carqo Hatch 20 m' 0.02 
Small Cargo Hatch ' 12 mz 0.01 2 

Area: Hull surface area required. 
L2:Thesquareof thecraft's basic lengthastakenfrom theHull Size 

table, unmodified by hull form. 
MCr: Price in MCr per square meter of launch port, or per each 

cargo hatch. 
Launch Port At least one launch port is required if craft or vehicles are 

carried. More launch ports allow craft to be launched more rapidly. 
Cargo Hatches: All craft require at  least one large cargo hatch per 

350 m3 (25 tons) of cargo capacity. Vessels with under 100 m3 of 
cargo space can get by with a single small cargo hatch. 

6 

8 

1 
9 Seats 

Short-haul vehicles will require passenger seats. 

SEATS 

CramDed 2.5 0.02 .0001 

7 0.02 .0001 

Vol: Volume in m3 per position/seat. 
Mass: Mass in tonnes per positionlseat. 
MCr: Price in megacredits per position/seat. 
These entries are simple seats with no controls. Paying passenger 

seats must beAdequateor better; seatsfortroops must becramped 
or better. "Restricted" access is the minimum possible accommoda- 

Drop Tanks 
Ships may be fitted with drop tanks if desired. A drop tank is an 

additional hull section filled entirelywith fuel. Its material volume and 1 4 mass are calculated just as if it were a separate ship, and it must use 
the same hull form and configuration modifiers as theship it will be 
fitted to, and must be armored and have internal structure bracing 
sufficient to withstand the ship's rated acceleration. 

1 3 tion for special purposes only. 

If a drop tank is fitted to a ship with electromagnetic masking 
(EMM), the tank(s) must also be so fitted, with the volume and 
surface area taken out of the tank itself. Power requirements are 
assumed to be met by the carrying ship, which must allow for them 
in its own design. If any EMM-fitted ship is carrying non-EMM drop 
tanks, the ship loses all of its EMM benefits until the tanks are 
dropped. 

A drop tank is designed to be released once it is drained, allowing 
improved performance by the ship. 

Collapsible Tanks 
Insulated fuel bladders may be carried in the cargo hold to carry 

additional fuel. This fuel may not be used directly, but must be 
pumped into the normal fuel tanks for use. Collapsible tanks cost 
Crl00 per cubic meter of fuel capacity, and when empty can be 
stored a t  5% of their full volume. 

Dismountable Tanks 
Dismountable fuel fuel tanks may be carried in the cargo hold to 

carry additional fuel. Fuel from these rigid tanksmaybeuseddirectly, 
without requiring transfer to the permanent tanks. Dismountable 
tankscostCr200 percubic meteroffuelcapacity, butmustbestored 
at their full volume when empty. Modified versions costing Cr500 
percubic meterfunction thesame, but may bedisassembled to store 
at  25% their full volume. 

Internal Armor 
Valuable internal systems may have additional armor added 

around them. Any time a hit is rolled against such a system, the 
remaining damage value must first penetrate this internal armor 
before it can damage the system. 

Calculate the volume of the system@) to be protected, and then 
design the armor as if it were a separate hull, using the same 
procedure used to calculate the hull shell (or chassis armor material 
volume, if it is avehicle)volume, weight, and priceof theship. Select 
the armor thickness desired, and use the hull form modifier as used 
by the main hull. Do not, however, use the minimum armor level 
based on C performance, and do not apply the airframe configura- 
tion modifier. There is no internal structure requirement for internal 
armor. 

Spacecraft Deckplans 
Each displacement ton is drawn as a grid square 2 meters by 2 

meters, with a vertical height of 3.5 meters. Much of this vertical 
height is taken up by deck thickness, lighting, environmental duct- 
ing, etc., so that free height is only about 3 meters. 

When allocating space within the craft, assume thatonly a portion 
of the specified volume for staterooms, bunks, etc., is used for those 
fittingsperse; the remainder should be used for common areas and 
other accommodations forthe crew, such as recreation areas, eating 
spaces, and so on. 

When comparing the final number of grid squares used on the 
deckplan tothe rated tonnageof thevessel'sdesign, allowa 10-20% 
leeway. If the plan comes within 20% of the stipulated volume, it is 
acceptable. 

When drawing passenger seats, Roomy seats fit two per grid 
square; Adequate seats fit four per square; Cramped seats six per 
square; and Restricted seats nine per square. 
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CHAPTER 8 
Power Production 

The extraction of energyfmm fuel and conversion of that energyto a 
useful form is the heart of the industrial revolution of tech level 3. 

FUELS 
All earlyfuels areorganic in origin. The earliest fuel, of course, was 

wood, and even early steam engines used wood as a fuel. As the 
industrial revolution required more energy, and a more portable 
energy supply, coal became a more common fuel due to its greater 
energydensity. Coal is, of course,alsoorganicin origin, thefossilized 
remains of long-dead life forms (hence the term "fossil fuels"). Coal 
is alsoa hydrocarbonfuel.Ardemandfor portablefuelsourcesincreased, 
high-energydensitydistillates of hydrocarbon fuels (eitheroil orgassified 
coal) replaced coal as the standard hyhcarbon fud. 

Ar all hydrocahons are fossil fuels, workls without a biosphere are 
unlikely to have them in sgnifiant quantities. Even worlds with bo- 
spheres may not have had the right biological and geological history to 
produce significant quantities of fossil fuels. On these worlds, akohol 
distillates are used at early tech levels, but these rely on organic material 
as well, and so are also unavailable on worlds without biospheres. 

The most plentiful fuel in the galaxy is probably hydrogen, and it 
is free for the taking in the atmospheres of most gas giants. It exists 
in plentiful quantities in oceans and icecaps as well, but in a less useful 
form. While hydrogen can be burned in most high-tech hydrocar- 
bon power plants, the energy released by simple hydrogen com bus- 
tion is exactlythesameastheenergyrequired toseparateitfrom the 
oxygen in water. As a result, worlds with other plentiful but less 
portable energy sources (such as geothermal, tidal, wind, or solar) 
may use these "free" energy sources to crack hydrogen from water 
and thus have a useful portable fuel. Energy-poor worlds, however, 
will not gain anything by using scarce energy to crack hydrogen, 
since they gain no energy in the process. 

They gain nothing in the process assuming, of course, that they are 
burning hydrogen in a chemical power plant. If they are using it in 
fusion reactors, the story is considerablydifferent. Once fusion power 
is available, worlds with considerable water have solved the worst of 
their energy problems. 

The interim step between chemical power plants and fusion is 
fission. Fission relies upon naturally occurring radioactive elements 
forfuel, and thesearescarceenough throughout ourregionof space 
to make them high-priced and highly sought-after. 

FUEL 
Mass Price 

Alcohol 1 .o .000200 

Radioactives 19 .075000 .". . - .__ 

Antimatter 0.07 .200000 
Mass: In tonnes per kiloliter (mJ). 
Price: In millions of credits per kiloliter (m3). 
HC Hydro Da: High grade (highly refined to reduce impurities) 

hydrocarbon distillates. These are used almost exclusively in fuel cells. 

Wood, alcohol, and coal are substitutes for hydrocarbon distillates 
in various engines. Each of these fuels has a different output 
multiplier and fuel use multiplier as compared to burning pure 
hydrocarbon distillates. 1 

Fuel Output Mult. Fuel Use Mult. 
9 
L Alcohol 0.75 1 

3 

4 

5 

Chemical Power Plants 
The term reciprocating refers to the back-and-forth motion of the 

piston. Notonlydo reciprocating engines need aflywheel tosmooth 
out the uneven application of power, they are inherently inefficient 
and limited in the power and speed they can develop. As the engine 
worksfasterand faster, theforces on the pistons will eventuallyshake 
apart the vehicle or destroy the engine. 

Steam engines are usually called external combustion, as the fire is 
outside of the confines of the boiler and engine itself. The internal 
combustion enginediffersin thatthefuel is burned insidetheengineand 
the expanding gas of the fuel explosion is *tSelf used, in place of hgh- 
pressuresteam, todriiereciprocating pistonswhiKhtumadriieshaft.As 
with any engine, thespinning driieshaftcan beconnected directlytoa 
mechanicalcontrivance,such as awinchoraxle, or itcan turn an electrical 6 
generator and produce power to run other systems. 

less mechanically efficient reciprocating pistons. 

tohydrodynamic (MHD) turbine, which works on a fundamental 

electrical current passing through a fluid will cause the fluid to be 

principle of electromagnetism called Fleming's Left Hand Rule. This 
principle states that the confluence of a magnetic field and an 

propelled in one direction. When combined with a high-energy 
turbine, an MHDfield producesan extremelyefficient powersource. 

Althoughthethrusteffectisveryweakat low levelsof magnetism, 
the efficiencyof the turbine increases with thesquare of the increase 9 
in the power of the magnetic field. As a result, efficient MHD power 
plants become practical onlywhen large superconducting magnets 
are economicallv feasible. 

Turbines are engines which use spinning fan blades in placeof the 

The most advanced form of chemical power plant is the magne- 7 

a 
CHEMICAL POWER PIANTS 

10 
TL Description MW Mass MCr Min Vol KI/Hour Fuel Tvpe 

11 

12 
MW Output in megawatts per cubic meter of power plant. 
Mass: Tonnes per cubic meter of power plant 
MCr: Price in MCr per cubic meter of power plant. 
Min Vol.: Smallest possible power plant in cubic meters. 
KI/Hour, Kiloliters (cubic meters) of fuel consumed per hour per 

Fuel: The type of fuel burned. All chemical power plants burn 

Alcoholdistillates maybesubstitutedfor hydrocarbondistillatnsin 

13 

14 MW output. 

hydrocarbon distillates, but some substitutes are possible. 

all power plants listed, but energy output is multiplied by 0.75. 



All power plants from tech level 7 and higher may be designed to 
bum LHyd (liquid hydrogen) instead of hydrocarbon distillates at  no 

*Aterisked power plants may substitute wood or coal for hydro- 
carbon distillates. If wood is used, energyoutput is multiplied by 0.5 
and fuel consumption is multiplied by 3. If coal is used, energy 

1 energy penalty. 

2 remains the same but fuel use is multiplied by 1.5. 

Fuel Cells 
Fuel cells burn fuel and take energy from the energetic electrons 3 transferred between the various products of the chemical reaction. 

Fuel cells, like batteries (page 65) are electrochemical cells and work 
on similar principles, except that fuel cells are open systems which 
continue to process fuel and convert it to energy. 

Fuel cells are more efficient than most chemical power plants, but 4 are not as economical as the electrodes become contaminated by 
fuel impurities and require frequent replacement. Only with ultra- 
pure fuels is this problem avoided, and the added cost of these fuels 
generally makes them uneconomical. Only where size and fuel 5 efficiency are more important than cost (as with a spacecraft) are 
they generally cost-effective. 

FUEL CELLS 6 TL Description MW Mass MCr Min Vol KI/Hour FuelType 

7 16 FuelCell 1.75 1 0.02 .01 0.2 HC Hydro. Dist. 

MW. MW output per cubic meter of power plant. 
Mass: Tonnes per cubic meter of power plant. 
MCr: Price in MCr per cubic meter of power plant. 
Min Vol.: Smallest possible power plant in cubic meters. 
KI/Hour: Kiloliters (cubic meters) of fuel consumed per hour per 

Fuel: All fuel cells burn hydrocarbon distillates or LHyd. 
Mw output. 

R 
9 

Nuclear Power 
Nuclear power relieson theenergyreleased bythe fissionorfusion 

of atoms in a controlled nuclear chain reaction. Nuclearfission is  the 
splitting of an atom of "fissionable" material, usually a refined isotope 
of uranium or plutonium. When the atom is split, energyis released. 
Nuclear fusion is the combination of two atoms, usually hydrogen 
atoms, into a single atom, also releasing energy in the process. (See 
the sidebaron common fusion reactions.) In both cases, much of the 
energy released is in the form of heat. Fission and fusion reactors use 
the heat to boil water to turn a high-pressure turbine to generate 
electrical power. 

NUCLEAR POWER PUNTS 
TL Desa@ticr, MW Mass MCr Min Vol KI/Year FuelType 

7 Fission 0.60 8 0.1 20 0.25 Radioactives 

9 Fusion 2.00 4 0.2 100 0.15 LHyd 

11 Fusion 2.00 4 0.2 20 0.15 LHvd 
12 Fusion 2.00 4 0.2 10 0.1 5 'LHid 
13 Fusion 3.00 3 0.2 1 0.1 LHyd 
14 Fusion 3.00 3 0.2 0.25 0.1 LHyd 

MW. W output per cubic meter of power plant. 
Mass: Tonnes per cubic meter of power plant. 
MCr: Price in MCr per cubic meter of power plant. 
Min Vol.: Smallest possible power plant in cubic meters. 
KI/Year: Kiloliters (cubic meters) of fuel consumed per year per 

MW output. 



Matter-Antimatter Annihilation 
Antimatter is a collective term for the antipartides that correspond 

to allsubatomic particles. Aparticleand itsantiparticle havethesame 
mass but are opposite in electric charge or some other elementary 
characteristic. The anti-electron, for example, is called the positron, 
and has a positive charge rather than a negative. The difference 
between matter and antimatter is that, although they both respond 
in the same way to gravitation, electromagnetic forces, etc., if a 
particle and its antiparticle collide, theywill becompletely converted 
to energy. In fact, this is responsible for part of the energy of a fusion 
reaction. When hydrogen atoms fuse, one of the byproducts are 
single positrons which almost immediately collide with an electron, 
annihilating both and generating energy. One positron is  generated 
for every three atoms of hydrogen which fuse, and the annihilation 
of this positron accounts for 7.7% of the total energy of the fusion 
reaction, and a higher percentage of its useful energy. 

This quality of complete annihilation of matter and conversion to 
energy makes matter-antimatter the most energy-dense fuel system 
possible in the physical universe. It is the onlyfuel which gives over 
its entire mass to Einstein‘s classic equation: E = mc*. 

Antimatter is naturally occurring, but not in useful quantities. 
However, it can be created in high-energy particle accelerators. 
Antimatter is, therefore, nota natural fuel, but rathera manufactured 
one. (The distinction is less important than it may at  first sound, 
however, as virtually all high-grade fuels require considerable pro- 
cessing before being used.) 

M U  (MATTER-ANTIMAlTER A”IHILATl0N) POWER PLANTS 

MW MW output per cubic meter. 
Mass: Tonnes per cubic meter 
Price: Price in millions of credits per cubic meter 
Mln Vol  Smallest possible power plant in cubic meters. 
KI/Year: Kiloliters (cubic meters) of fuel consumed per year per 

MW output. 

Solar Arrays 
Solar arrays consist of solar ~ ~ l l e c t o ~ ,  which collect solar radiant 

energy, and solar cells, which convert radiant energy to electrical 
energy. Each cubic meter of solar cells requires 10 square meters of 
solar array if deployed in the inner zone of a star system, 100 square 
meters of solar collectors if deployed in the habitable zone of a star 
system, and 10,000 square meters of solar collectors if deployed in 
the outer zone of a star system. 

SOLAR COLLECTOR PANELS 
TL Vol Mass MCr 

” 0.008 - 
7 0.2 0.006 0.004 

9 0.1 0.003 0.002 

11+ 0.04 0.001 0.001 

Vol: Cubicmetersof volumerequired persquaremeterof installed 

Mass The mass of the collector, in tonnes, per square meter of panel. 
MCr: The price of the collector, in millions of credits, per square 

collector panels, if permanently installed. 

meter of panel. 

Retractable Array: The values on this table are for rigid, perma- 
nently installed solar collectors. If thesolar collector isdesigned to be 
retracted and deployed atvarious times, double the price, mass, and 
volume. 

SOLAR CELLS 
TL MW MCr 

7 0.01 5 0.4 . .  - 
.-L1 

8 0.02 0.3 
9 0.025 0.25 
10 0.03 0.2 

12+ 0.04 0.1 

’W 

. 1 1  0.035 0.1 5 
+r 

M W  Output, in megawatts, per cubic meter of solar cell. 
MCr: Price, in millions of credits, per cubic meter of solar cell. 
Mass: All solar cells mass 2 tonnes per cubic meter. 
Minimum Volume: The smallest allowed solar cell is 0.01 cubic 

meters. 
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Batteries 
Batteries are not a means of generating power, but rather of 1 storing it. However, the same might besaid for artificiallygenerated 

fuels, such as antimatter. Batteries are often used as surrogate power 
plants and fuel supplies when the device does not warrant a full- 
fledged power plant. 

2 BAITERIES 
Mass MCr 

4 

6 M W  Maximum output, in megawatts, attheone-hour discharge 

Mass: Mass of the battery, in tonnes, per cubic meter 
MCr: Price, in millions of credits, per cubic meter 

Battery Discharge Rate: The battews discharge time is the time 
ittakes to drain the battery'scharge.The energyoutputon the table 
above assumes a discharge time of 1 hour. If the output is lowered, 
the discharge time is increased, as shown below. Note that some 
discharge times are only available a t  higher tech levels. 

rate, per cubic meter of battery. 

7 

8 
n 
7 x3125 0.036 seconds xl6 8 

Capacitors and Homopolar Generators 
Like batteries, capacitors and homopolar generators (HPGs) are 

not means of generating power, but rather of storing it. They are 
included here because they are usually used in conjunction with 
some means of generating energy. 

Capacitors and HPCs are treated together because both perform 
the same function. They hold very large amounts of energy (usually 
for fairly short periods of time) and then discharge the energy very 
quickly. Capacitors are used at theearliest tech levels, but arequickly 
replaced (over thecourse of tech level 8) by HPCsfor larger jobs.The 
table below represents the best performance at  tech level and 
assumes designers will use the most appropriate technology. 

Capacitors store electricity directly as an electromagnetic charge; 
HPCs convert electricity to kinetic energy, storing it in a rapidly 
spinning flywheel. When a charge is passed through the generator, 
the flywheel slows rapidly, converting energy to electricity in a 
powerful discharge. 

The following table shows volume of capacitors and HPCs per Mj 
of stored energy. 

HOMOFOUR GENERATOR ENERGY CAPACITY 
T l  Cubic Meters  of HF€ Der Mi . -  

7 '  0.25 
R 0.1 25 - 
9 0.1 
10 0.08 
1 1  0.06 
*-I A A C  
I L  V.VJ 

13 0.045 
l A  0.04 _._ . .  
15 0.035 
16 0.03 
17 0.025 

19 0.01 5 
18 . 0.02 

70  0.01 _._ -- 
21 0.005 

x125 3.6 seconds x4 6 Vol: Volume, in cubic meters, i s  equal to megajoules of stored 
energy multiplied by the value shown on the table. 

Mass: Mass in tonnes is equal to volume in cubic meters x 2. 
Price: Price, in millions of credits, is equal to volume in cubic 

xo.1 10 hours xl 4 meters multiplied by 0.01. 

1 000 hours xl 6 Explosive Power Generators (EPC) 

12 

13 

14 

EPC is a meansof generating a large amount of powerquickly, and 
it is useful for systems requiring quick surges of power. It was first 
used togeneratelarge powersurges bythesoviet Unionin the1 980s 
as partof their beam weapon research program. By tech level 9,field 
versions become reasonably practical, and by tech level 12 pulse 
plasma cartridges (PPC) make it an extremely efficient means of 
generating quick surges of power. 

Each EPC system consists of a homopolar generator and power 
cartridges. EPC output is generally expressed as pulse energy and 
measured in megajoules. The homopolar generator is modified 
slightly to enable it to convert the energy of the power cartridge to 
electrical energy. This modification increases the cost of the ho- 
mopolar generator by 10% but has no effect on volume or mass. 
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Each EPCsystem requiresfweseconds(onecombatround) toeject 
a spent cartridge and load a new one, giving the generator a normal 
cycle time of one pulse per combat turn. This may be increased by 
building a multiple feed generator (one which holds more than one 
cartridge at  the same time). Each additional cartridge held increases 
the mass, volume, and price of the generator by 5% and adds 1 to 
the number of pulses allowed per combat phase. 

Explosive power cartridges are designed using the table below. 
Cartridgesare usuallycylindrical in shapeand are three times as long 
as their diameter. They usually have a thin metallic covering and a 
ceramic liner. 

TL Description Vol MCr 

14 Pulse Fusion Cartridge (PFC) .0002 .000008 

TL: Tech level of availability 
Vol: The volume of the cartridge, in cubic meten, is equal to its 

output in megajoules multiplied by the value shown on the table. 
MCr: The price of the cartridge, in millions of credits, is equal to its 

output in megajoules multiplied by the value shown on the table. 
Mass: The mass of the cartridge, in tonnes, is equal to its volume 

in cubic meters multiplied by 8. 
Dirnenslons: The dimension of the cartridge can be calculated 

using the following formula: 
Radius (r) = 0 . 3 7 6 m  (Volume in m3, r in meters) 
Diameter = 2r 
Length = 6r 

ALTERNATE TECHNOLOGY 
The above range of power-generating means is a reasonable 

surface coverageof the most important meansof power generation 
likely to be open to mankind over the next few centuries. One 
important alternate technology is not included in the Imperial Space 
technological background, and that is piezo-nuclear fusion, which 
we present here as an alternative. 

Piezo-Nuclear Fusion 
This type of fusion may never be available, or it may be available 

long before any of the above advanced forms of power generation. 
Piezo-nuclear fusion, more popularly known as "cold fusion," was 
thesubject of some controversial scientific research, and sensational 
news reporting, in 1989. As far as the public was concerned, it all 
began with a press conference in March of 1989 in Salt Lake City 
when Drs. Martin Fleischman and B. Martin Pons announced that 
they had discovered a cold-process for fusion. 

The apparatus used a platinum anode and palladium cathode in 
a bath of heavy water. Electricity separated the deuterium (a heavy 
isotopeof hydrogen) from oxygen in heavywater and then attracted 
the deuterium to the palladium cathode. The hydrogen then 
penetrated the palladium and under high pressure (hence the term 
piezo, or "squeeze") began to fuse, heating the cathode and giving 
off about four times as much heat energy as was used to run the 
machine. 

Or so they reported. There was an immediate flurry of activity as 
skeptical researchers across the world made duplicates of the appa- 
ratus and hundreds of experiments were soon running, trying to 
replicate the results reported by Fleischman and Pons. They were, 
almostwithout exception, unable to produceanyresults. Fleischman 
and Pons were not physicists but were instead electrothemists and 
were, it was speculated, unfamiliar with the rigorous experimental 
protocols necessaryforcontrolling and measuring energy levels this 
small. The results they reported were well within the error margin of 
poorly calibrated instruments. 

Within months, the verdict of the scientific establishment was in. 
The cold fusion process was a dead end.The US patent office refused 
to issue any patents on cold fusion, citing numerous experimental 
disproofs of the process. Prestigious scientific journals declined to 
acceptfurther articleson thesubject. Research funding disappeared. 
End of story. 

Almost. The statement above-that attempts to replicate the 
effects experimentally were "almost without exception" unsuccess- 
ful-is significant. A few researchers, both in the United States and 
abroad, achieved results, and these results remained unexplained. A 
few scientists continued research on the process, with funding from 
various sources. Some p i i a t e  money was made available. Some 
researchencontrolled discretionaryfunding and used it tocontinue 
cold fusion experiments. At some labs today, wen as this is written, 
experiments continue using funding diverted from other projects. 

But the main source of funding has been Japanese. The powerful 
Ministry of International Trade and Industry (MITI) funded a three- 
year project beginning in 1992. Fleishmann and Pons are now 
working in France at a special laboratory provided by IMRA Europe, 
the European branch of Toyota's scientific research institute. Nippon 
Telephone and Telegraph (NTT) has also become a major player in 
the unfolding research. 
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Why had only a handful of researchers been able to replicate the 
results of the original experiment when the majority had not? 
Although the answer isn't certain, one possible explanation lies with 
the characteristics of the palladium cathode. Dr. Edmond Storm at  
LosAlamos, when examining thecathodesof a numberofsuccessful 
experiments, noted that the surfaces were smooth and unblem- 
ished, while the cathodes used in many unsuccessful experiments 
were covered with a network of hairline cracks. 

Whatever the reason, by the middle of 1991 there had been over 
40 successful replications of the original cold fusion experiment, and 
repeated successes brought more understanding of the procedures 
needed to replicate the results on a consistent and predictable basis. 
In the autumn of 1992, Dr. Michael C. H. McKubre of SRI Interna- 
tional reported that l l of the previous 12 cold fusion experiments a t  
the SRI labs had produced excess heat Critics remained skeptical, 
and pointed outthattherecould benoclaim offusion withoutfusion 
byproducts. 

When deuterium fuses, it often produces tritium (a triple-heavy 
form of hydrogen appearing only as a byproduct of nuclear 
reactions) and eventually helium-4 (a byproduct of deuterium- 
tritiumfusion).Withouttritium and helium-4itisdifficultto believe 
that fusion is taking place. Dr. John Bockris of Texas A&M has now 
reported detecting tritium in the heavy-water bath of a cold fusion 
device which reached 10,000 times the normal background con- 
centration. Other researchers have begun to find tritium as well, 
and Bockris has reported from 2 to 100 times more helium-4 in the 
palladium cathodes of experimental devices than found in samples 
of palladium from the same production batch but not used in 
experiments. Helium-4 residue has also been reported by experi- 
menters atthe University of Hawaii, the Universityof Texas, and the 
Naval Weapons Center a t  China Lake, California. 

Intriguing as these results are, they do not demonstrate conclu- 
sively that the helium-4 was actually produced by a fusion reaction. 
If fusion is taking place, it should be possible to observe the 
production of helium4 while the reaction takes place. Dr. Eiichi 9 Yamaguchi of NTT's Tokyo basic research lab has apparently done 
exactly that. He has taken a piece of palladium, coated on one side 
with gold, saturated it with deuterium gas, enclosed it in a vacuum 
chamber, and run an electric current through it. After two or three 1 0 hours, the palladium begins to heat up, generating excess heat for 
about 15 minutes, and then releases a burst of helium-4. At the 
Nagoya, Japan, cold fusionconference in Octoberof 1 992,Yamaguchi 
reported: 'The amount of produced helium4 gas was strongly 

But at the same conference, a demonstration of an even more 
revolutionary nature was made. Reiko Notoya of the Catalysis 
Research Center at Hokkaido Universitydemonstrated an electrolytic 1 2 cell which put out three times as much energy as it consumed. What 
made thedemonstration extraordinary was that thecell did not use 
heavywater-kused regular(or"light")watersaltedwith potassium 
carbonate. 

What's so extraordinary about that? Controlled fusion, as we 
understand it on Earth, requires deuterium to take place, as the 
principle fusion reactions are deuterium-deuterium and deuterium- 
tritium. (See the sidebar on page 63 on common fusion reactions.) 
Heavy water is water containing a high concentration of deuterium 14 in place of conventional hydrogen. Light water, however, contains 
no deuterium, and so cannot sustain a conventional fusion reaction. 

1 1 correlated to the excess heat evolution." 

There seems to be little question that something is going on here. 
Light water reactions were first reported by Dr. Randall Mills, a 
private researcher living in Lancaster, Pennsylvania. Since then, and 
in addition to Notoya's repeated demonstrations, Bush and Eagleton 
of California Polytechnic have built and operated 19 light water cells 
and theBhabha AtomicResearch Center of India has run 29different 
light water cells. But is it fusion? 

Obviouslyitcannot befusion asweexpecttofind iton Earthifthere 
is nodeuterium present. However, the lightwatercells use potassium 
carbonate as a salt in the water. If a hydrogen nucleus (a single 
proton) were to fuse with a potassium nucleus, the result would be 
calcium. Both Bush in California and Notoya in Japan have detected 
calcium in the electrolyte after the cell has operated for an extended 
length of time. The excess energy produced bythe cell is greater than 
can be explained by mechanical orchemical reactions. It may not be 
fusion-but what is it? 

Are we on the verge of a dramatic breakthrough in power- 
generating technology or will this latest round of experimental 
results turn out to be scientifically intriguing but of little practical 
value? It is impossible to tell, but it makes for an interesting optional 
power source with more than a little basis in fact 

The advantages of piezo-nuclear fusion are staggering. There are 
no bottom limits on the size of the device. It is lightweight, since it 
does not need heavy shielding (it is not"hot" in a radioactivesense). 
It is not dangerous. It can conceivably run off of water, without too 
much preliminary fuss. For campaigns that require very portable, 
very long-lived power sources, piezo-nuclear fusion is the perfect 
answer. 

PIEZO-NUCLEAR FUSION (PNF) POWER PLANTS 
TL Desmption MW Mass MCr Min Vol KI/Hour Fuel Type 

10 PNF 0.50 1 0.005 - 0.002 H20 

12 PNF 0.80 1 0.005 - 0.002 H20 

16 PNF 2.00 1 0.005 - 0.002 H20 

MW Power in megawatts produced per cubic meter of plant. 
Mass: In tonnes per cubic meter of plant. 
MCr: Price in millions of credits per cubic meter of plant. 
Min Vol: Minimum volume, in cubic meters. 
KI/Hour: Kiloliters (cubic meters) of fuel consumed per hour per 

Fuel Type: Water. 
MW output. 
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CHAPTER 9 
Sublight (Maneuver) Drives 

Traveller is scientifically based for much of its technology, but 
is not strictly speaking a "hard science" game. Instead, it is a 
reasonable compromise between hard science and science- 
fiction adventure literature, and thisshows up in the mathematics 
of maneuver drives among other places. This compromise is 
represented in two aspects of maneuver drive design: thrust 
requirements and fuel consumption. 

Thrust requirements are abstracted by tying thrust energy 
requirements to hull displacement rather than craft mass. This is 
an obvious abstraction, but one which is necessary for ease of 
design. Too many variables affect ship mass throughout the 
design process, and tying thrust to mass would require you to 
continually redesign and re-design to geta workable craft. In our 
opinion, the thrust-to-mass formula is a workable compromise, 
especially since spacecrafttend to have the same general density. 
The correction factor for very high mass-to-volume designs takes 
care of any important distortions. 

The fuel requirements for the TL-10 maneuver drive reaction 
mass are considerably lower than for current or projected tech- 
nology thrusters. The standard maneuver drive in Traveller, which 
appears a t  tech level 10, is called the High-Efficiency Plasma 
Recombustion (HEPlaR) drive, which uses hydrogen as propellant/ 
reaction mass, super-heating it to a plasma state in an ignition 
chamber and expelling it out the back of the vessel. Note that this is 
not a fusion rocket, and while the exhaust is a super-heated plasma, 
it is not radoadive. While the principle of the drive is scientifically 
sound, its game representation is extraordinarily fuelefficient 

By way of comparison, take a look a t  NASA's space shuttle. It 
is almost all fuel tank, and that is just to boost a modest payload 
into low Earth orbit (LEO). It is not capable of escaping Earth orbit 
or conducting interplanetary travel. A first possible alternate 
universe would be to ignore the HEPlaR maneuver driie and stick 
with lower-tech drives. Ships built based on tha t  earlier level of 
thruster fuel efficiency would be much different than Traveller 
ships, and the economicsand logisticsof interplanetarytravel and 
exploration would be completely different. It would not be the 
Traveller universe, but it would sti l l  be an interesting universe. 

Maneuver Drive Design 
Thrust  requires both energy and reaction mass, and so addi- 

tional fuel tankage will be required as well. Thrust is measured in 
tonnes. Spacecraft require (for the sake of simplicity) 10 tonnes 
of thrust per displacement ton to achieve an acceleration of 1 C. 
Spacecraft with a final mass of more than 15 times (rounding 
fractions to the nearestwhole number) their hull rate (in displace- 
ment tons) should recalculate their acceleration based on the 
actual thrust-to-mass ratio, dividing thrust (in tonnes) by mass (in 
tonnes) to determine acceleration in Cs. Most spacecraft, how- 
ever, will mass less than 15 tonnes per displacement ton. 

Aircraft, which are designed around their weight rather than 
their volume, require 1 tonne of thrust per tonne of craft weight 
to achieve 1 C of acceleration. Most aircraft, particularly a t  early 
tech levels, will have less than 1 C of acceleration. 

Thrust is produced in one of two ways: either by means of a 
thrust agent added to an existing power plant or by means of a 

dedicated self-contained thruster. 
A thrustagent is a mechanical means of converting the power 

produced by a power plant (either electrical power from a 
dynamo, heat from combustion, or the physical power of a 
turning drive shaft) into thrust. 

Propellers: A propeller is the most common thrust agent at  
lower tech levels. 

Note that aircraft engines used to drive propellers have only 
half the volume per output power as conventional engines, for 
three reasons. First, virtually no volume is used for maintenance 
access. The nexttime you open the hood of your car, lookat how 
much of thevolume of the engine compartment is consumed by 
open space. This open space serves a purpose-maintenance 
access. If the engine is too compactly installed, mechanics cannot 
get to various parts of the engine to check them or replace 
components. An aircraft engine, however, is mounted a t  the end 
of the fuselage or in a wing nacelle, and in either case no internal 
volume is used to provide access. Instead the entire engine is 
accessible from outside the aircraft. Second, the engine drives the 
propeller directly without need for any complicated drive shafts, 
differentials, etc. Third, there is less volume and weight con- 
sumed by cooling apparatus. Many aircraft engines are air- 
cooled, and even liquid-cooled engines gain considerable effi- 
ciency from the high speed air flow. 

Because aircraft design is based on weight and does not use 
volume, the only impact of this rule on aircraft design is to cut the 
final weight of such a propeller-driving engine in half. However, 
a designer may wish to install a propeller onto a lift vehicle, in 
which case the one-half volume rule would apply, which would 
also reduce the engine's final mass by half. 

The characteristics of propellers are shown below. Propellers 
that are driven by turbine engine (TL-7 aas turbine or TL-8 MHD 
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turbine) are known as turboprops. 

PROPELLERS 
TL Th MCr MaxP Airframe 

10 Fast subsonic 

TL: Tech level of first availability 11 
Th: Thrust in tonnes per MW of power 
MCr: Propellers have no price of their own, but instead increase 

the cost of the power plant to which they are mounted. The price 
of the power plant is its normal price multiplied by the value 12 
shown on the table. This price modifier is applied to the full volume 
of engine before it is cut in half for aircrak 

MaxP: Maximum power per engine. 
Airframe: The fastest airframe type on which the thrust agent 

may be used. 
Volume: Aircraft power plants used to'drive propellers have 

their volumes multiplied by 0.5. 
Mass: Propellers themselves do not alter the mass of the power 

plant to which they are attached. (Note however that mass is 
calculated based on a smaller overall volume, which will make 
power plants only half as massive as normal.) 
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HEPlaR: The other thrust agency, high efficiency plasma 
recombustion (HEPlaR), becomes available attech level 10. It my 1 be added to any power plant by adding a heat exchanger 
recombustion chamber to the plant. Hydrogen is injected into 
the recombustion chamber and the power generated by the 
engine heats the hydrogen to a plasma state. The plasma is then 2 released as a high velocity stream of reaction mass, providing thrust 

HEPlaR requires a recombustion chamber of 0.1 cubic meters 
in volume per megawatt o power devoted to thrust, and in tun 
generates 20 metric tonnes of thrust per megawatt. The 3 recombustion chamber masses 1 tonne per cubic meter of 
recombustion chamber and costs 0.001 million credits per 
megawatt of power. It consumes 0.25 cubic meters of liquid 
hydrogen (LHyd) per hour per megawatt of power and may be 

4 used on any type of airframe. Hull surface area (used for spacecraft 
only) in square meters is equal to thrust (in tonnes) i 200. 

Self-contained Thrusters: As an alternative to thrust agencies 
coupled to separate power plants, some power plants, such as 5 turbojets and rockets, are much more efficient at  generating 
directthrust than electrical energy. These power plants have their 
output measured in terms of tonnes of thrust rather than MW. 
These plants are called self-contained thrusters. 

Self-contained thrusters have auxiliary generators which gen- 
erate electrical power for other systems. Generator output, in 
MW, is equal to thrust, in tonnes, times 0.02. 
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SELF-CONTAINED THRUSTERS 
Tl  T p e  lh M G  MaxT K FT Aitirarne 
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TL: Tech level of first availability 
Type: Description of thruster. HBT = High Bypass Turbofan SF 

=solid fuel. LF = Liquid Fuel. EAPlaC = Electrothermal Augmented 
Plasma Combustion. 

Th: Thrust, in tonnes, per cubic meter of engine. 
*Note that solid fuel rockets have no engine volume perse; the 

fuel volume is the engine volume. Solid rocket fuel (SRF) mass in 
tonnes equals its volume in cubic meters. See FC note below to 
calculate solid rocket thrust. 

MCr: Price, in millions of credits, per cubic meter of engine. 

Note that solid fuel rockets have no engine price beyond the fuel. 
The fuel is in effect the engine. Solid fuel costs twice its normal 
amount for EAPlaC engines. 

MaxT: Maximum thrust, in tonnes, of a single engine. Formore 
thrust, install multipleengines. **Thevalues shown for the EAPlaC 
and fusion rockets are the minimum thrust ratings per engine. 

FC: Fuel consumption, in tonnes, per hour per tonne of thrust. 
To determine volume in cubic meters, multiply by the volume of 
the fuel type. For solid rockets, simply picka fuel mass. Divide the 
mass by the FC value. The result is thrust in tonne-hours. Select 
eitherthe thrust orthe duration, and the other i s  determined from 
that. For example, 18 tonnes of TL-6 SF rocket fuel could have 2 
tonnes of thrust for one hour, 4 tonnes for 30 minutes, 1 tonne 
for two hours, orany other combination desired, as limited by the 
maximum allowed thrust (MaxT column). 

Size Efficiency: Solid-fuel rockets with less than 500 kg of 
propellant (fuel) mass suffer from inefficient fuel combustion. To 
determine the fuel consumption inefficiency of a solid-fuel rocket, 
divide 500 by the fuel mass (in kilograms). The result is the final 
fuel use multiplier. Multiply the calculated fuel consumption of 
the engine by this number. However, any multiplier less than 1 
is treated as 1 and any multiplier greater than 10 i s  treated as 10. 

FT: Fuel type burned. 
Fuel Volume: The volume of fuel (in m3) used per hour per tonne 

of thrust is equal to the mass (in metric tonnes) consumed per hour 
pertonneofthrustdivided bythe densityofthefuel, asshown below. 

Density 

LRF (Liquid Rocket Fuel) 1 
SRF (Solid Rocket Fuel) 1 
HRF (Hydrogen Rocket Fuel) .3  
LHyd (Liquid Hydrogen) .07 

Airframe: Fastest airframe (for aircraft design) or chassis con- 

ILRF (1 iauid Rocket Fuel) 1 ,- .~-.- 
SRF (Solid Rocket Fuel)’ 1 
HRF (Hvdrooen Rocket Fuel) .3  -, , .,. - ~ - .  . . - _ .  
LHyd (Liquid Hydrogen) .07 

Airframe: Fastest airframe (for aircraft design) or chassis con- 
figuration (for vehicle design) type on which the thruster may be 
used. Super = Supersonic, Hyper = Hypersonic. 

Mass: All self-contained thrusters mass 1 tonne per cubic meter. 
Surface Area: When installed on spacecraft (only), air-breathing 

self contained thrusters (turbojets, turbofans, ramjets, AZHRAE) take 
up surface area in square meters equal to thrust in tonnesi100. Non- 
air breathers take up area equal to tonnes of thrust +200. 

Afterburners: An afterbumer(als0 called reheat) isavailableat tech 
level 6. It may be added to any turbojet or turbofan engine. When in 
use, it increases thrust by 50% and fuel use by 1 OOYo. An afterburner 
increases engine volume (and thus price and mass) by 10%. 

Rockets: Rocket fuel consumption includes both fuel and 
oxidizer (usually liquid oxygen). 

Ramjets: Ramjets must reach a speed of 800 kph before the 
ramjet will start. This is usually achieved either with a booster 
rocket, but is sometimes accomplished by carrying the aircraft 
aloft attached to another aircraft. This type also includes the 
scramjet (supersonic combustion ramjet). 

AZHRAE: Advanced Zero speed to Hypersonic Regime Air- 
breathing Engines include a wide variety of exotic engine types 
designed, unlike turbine engines and ramjets, to function at low 
(takeoff and landing) speeds, where they function as turbojets, at  
hypersonic speeds for high-altitude operations, where theyfunc- 
tion as ramjets, and in suborbital/orbital insertion profiles, where 
they close off their intakes and function as rockets. These include 



applications of such conceptsas PDWE (Pulsed Detonation Wave 
Engines), RBCC (Rocket-Based Combined Cycle) ramjets, SER 
(Supercharge Ejector Ramjet), ATR (Air-Turbo-Ramjet or turbo- 
rocket), TSHE Uwin-Spool Hydrogen Expander) engines, and 
rocketfans. Asagroup, thesearealso refenwl toas"ducted rockets," 
and are the preferred enginesfor trans-atmospheric aaft UAC). The 
first AZHRAE line gives the tech level, weight, cost, airframe character- 
isticsfortheentire engine, and thethrustand fuelcharaderisticswhen 
operating in turbojet mode. The second line gives the thrust and fuel 
characteristics of the same engine when operating in ramjet mode. 
The third line gives the thrust and fuel characteristics in rocket mode. 

Fusion Rocket: Afusion rocket is not much more than a fusion 
reactor with a steady stream of hydrogen going in and a hole in 
one end. Super-heated hydrogen plasma expelled a t  tremen- 
dous velocities forms the reaction mass. Because of the nature of 
the drive, the exhaust is extremely dangerous. It cannot be used 
within planetary atmospheres. 

Ships passing through its hydrogen wake will generally do so 
quicklyenough that theywill not suffer any illeffects unless within 
very short range (-200km, referee's discretion). In this case, each 
crewperson must make a Difficult roll versus Constitution to avoid 
incapacitation by radiation (Average if wearing mdiation-protedive 
clothing) and each system on the ship suffers a minor damage result 

All crew will require blood and bone-marrow therapy over the 
next several months to avoid long-term health problems. 

AUERNATWE TECIINVLOG~ES 

1. Realistic Thrusters 
Our first alternative technology is "realistic" thrust and fuel 

requirements. This is not so much an alternative technology as it 
is the abandonment of HEPlaR thruster technology and reliance 
on the more primitive rocket thrusters. Even these fuel require- 
ments have been simplified for playability, but they come much 
closer to duplicating the sorts of real-world design trade-offs 
current and near-future spacecraft designers face. While these 
can be used as described in the tables above, we recommend a 
slightly different method of calculating Cs of thrust. 

Calculating Cs: Craftwith the huge fuel requirements listedabove 
requirea separate mechanism for calculation of Cs, because the mass 
of the vessel is continually changing as fuel is consumed. As a result, 
thrust is measured not in Cs, but in tonnes of thrust (the thrust 
necessary to give 1 tonne of mass an acceleration of 1 C). 

Once the craft is designed, calculate its C value when fully 
loaded with fuel, and then calculate its C value a t  each 10% 
increment of fuel consumption. C value is calculated by dividing 
the thrust in tonnes by the total mass of the craft (including fuel) 
in tonnes. By dividing the total fuel endurance of the craft by 10, 
you can arrive a t  a useful approximation of its performance, 
which may, for example, be 10 minutes at  1.2Cs, 10 minutes at  
1.4Cs, 10 minutes a t  1.6Cs, etc. 

Next, determine how much thrust in C-hours each 10% 
increment of fuel generates.To do so, divide the minutes of the 
increment (1 0 minutes in the example above, but it can be any 
length) by 60. The resulting value i s  multiplied by the C value 
of that increment to determine the total C-hours generated. 

Using the example above, the increment is 1 0 minutes. Dividing 10 
by6Oyieldsavalue of 0.1 67.Therefore,thefirstlO-minute increment 

will generate 0.2004 C-hours (which we'll round down to 0.20), the 
second will generate 0.2338 Chours (rounded down to 0.23), the 
third will generate 0.2672 C-Hours (rounded up to 0.27), etc 

The total C-hours of thrust required to reach orbit can be found 
by consulting the Time to Orbit table on page 225 of the basic 
game and looking at the Fuel C-Hrs column. Progressively, add 
the C-hours of thrust from each 1 0% fuel increment to find how 
much fuel is burned to reach orbit. Smaller increments of fuel 
(1 %)can be assumed to be one-tenth of thevalue of a single 1 OYo 
increment, rather than calculating the slight differences in thrust 
between the start and end of the increment. 

For example, the ship above is taking off from a size 8 planet 
(say, Terra), and requires 0.64 C-hours to reach orbit. After the 
second increment, it has generated 0.43 C-hours, and does not 
require all 0.27 C-hours of the third increment to reach orbit. It 
needs 0.21, with is about 80% of the third increment. Therefore 
after 2.8 increments (28 minutes), the craft has reached orbit and 
has 2 minutes of its third fuel increment remaining. 

No CC Lifters: All of the above is quite correct assuming the 
craft has CC lifters to negate the gravitational pull of the world 
and can devote all of its thrust to reaching orbital velocity. If not, 
part of thrust is consumed just counteracting the pull of the 
planet, not thrusting it up. If the craft does not have contra-grav 
lifters, subtractthe world gravity from the thrust value of the craft 
when calculating its effective thrust between the surface of the 
world and orbit. If the craft has an airframe hull, subtract 0.5~ 
world graviiyfrom the thrust value. Oncein orbii ignoretheeffeds 
of planetarygrav'Qon thrustand usethe 100 DiametersTrawlTimes 
and Interplanetary Speed tables (pages 225 and 227) normally. 

Multiple Stages: Most rocket-propelled craft use multiple 
stages to reach orbit. As each stage exhausts its fuel, it is jettisoned 
to fall back to the planet surface. (If the planet has an atmosphere 
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reused.) Stages are numbered in the order in which they are 
code of 4 or higher, the jettisoned stage may be recovered and 

jettisoned (thus the First Stage is the first one jettisoned). 
A multiple-stage spacecraft must have its performance calcu- 

lated separatelyfor each different configuration. For example, 
consider a three-stage rocket. The first configuration is with all 
three stages and powered by the first stage engine. The second 
configuration is with only the second and third stages and 
powered by the second-stage engines. The third and final 
configuration is  only the third stage powered by its own engine. 
Each of these configuration would have different gross weights, 
different thrusts, and thus different C ratings. 

2. Ion Drives 
This method of thrust is not really an alternative technology. It 

might better be described as a marginal technology. Ion drivers 
can be freelyadded to any Traveller campaign without fear of doing 
damage to it They are not discussed in the main section of the rules 
because mostgameswill havesuperiortechnologies which will render 
them superfluous. That is not to say, however, that isolated pockets 
of intelligent Me might not be forced to use ion drives, or that even an 
advanced space-faring civilization might not find some use forthem. 

Ion drives create thrust by electrochemically reducing fuel to a 
stream of charged particles (ions) which creates a very low thrust. 
Ion engines are usually made up of a large number of very low- 
thrust units mounted in clusters. The advantages of these d rivesare 
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theirendurance, low power requirements, and reliability. But the low 
thrust generated by this sort of drive limits *b utility to moving low- 1 priority cargos around inside a star system. lnterplanetarytrips by ion 
drive typically take months rather than days or weeks. 

The fuels usedforthissystemare known as"ionizates."Thisone 
term includes mercury, cesium, and a variety of liquified noble 2 gases (argon, neon, krypton, etc.) The values given for this fuel 
represent an average since some of these substances would be 
heavier than indicated and others lighter. lonizates are found as 
trace elements in most Earth-like atmospheres, but are more 3 frequently gathered from gas giants and their moons, which 
sometimes boast large concentrations of noble gases. 

Design: Each cubic meter of ion drive requires .03MW of power 
from a separate power plant and generates .003 tonnes of thrust, 

4 consuming .0000067 cubic meters of ionizates per hour. The drive 
masses 1 tonne and costs MCr0.013 per cubic meter of drive. 

lonizates mass 1.5 metric tonnes and cost MCrO.OOO1 per 
cubic meter. 

Because of the low power requirements, ion drive ships are 
often equipped with large solar panels and draw on solar energy 
to power their drives. 

5 

6 3. Dean Drive 
Over 30 years ago, John W. Campbell popularized a supposed 

invention by a fellow named Dean. His invention, the Dean Drive, 
was a simple device which converted rotational momentum to 7 linear momentum. Never mind that that violated the laws of 
conservation of momentum, he claimed he could do it. He wasn't 
able to convince the patent office, however, and never could 
provide a convincing public demonstration of the device, and so 

But had the drive worked, it would have had an extraordinary 
effect on travel, and is a perfect substitute for both CG and all 

electricity to thrust. The electric motor (or any other sort of 
engine) spinsa dense shaft, thus creating rotary momentum.The 
Dean Drive (or, for purposes of the game, the Dean Converter) 

8 interest faded. 

thrusters. It is a reactionless means of efficiently converting 

then changes this rotary momentum to linear momentum, or 
thrust The standard illustration ofa Dean Driveatworkshowsa cargo 
truck unloading ata second-story window, its Dean Drive converting 
the momentum of its drive shaft to upward momentum. 

Very nice. But why does this violate conservation of momen- 
tum? Think of the solar system as a closed system spinning with 
a fixed average velocity. Everything in it is spinning, although at 
different velocities, and each of the individual bodies has angular 
momentum. The sum of the angular momentum of all of the 
individual components of the solar system equals the total 
angular momentum of the system. 

Now, suppose something changes velocity. Assuming that its 
mass stays the same, its momentum changes, since momentum 
is a combination of mass and velocity. Does this change the total 
momentum in the system? No, it doesn't, because the only way 
things can change velocity within the system is to change the 
velocity of something else a t  the same time. Remember, "for 
everyaction thereisan equaland opposite reaction."Soifa rocket 
accelerates in one direction, reaction mass (the rocket exhaust) is 
accelerating in the opposite direction, and with equal force, so 
thenetchangein momentum in thesystem overall isexadlyzero. 
The sum of the momentum of all the bodies in the system is still 
equal to exactly the same total. 

Butthatis nottruewith a Dean Drive.The Dean Drive manages 
to change the momentum of the object it accelerates without 
changing the momentum of any other component of the solar 
system (or the galaxy, or the universe), and thus alters the total 
momentum in the system, hence violating the law of conserva- 
tion of momentum. For the Dean Drive to work, our current 
understanding of the physical universe has to be seriously flawed. 

On the other hand, who is to say, especially in a science-fiction 
game, that our understanding of the physical universe isn'tseriously 
flmd?Certainlynotus, and in thatspiritweoffertheDean Conwrter 
as an alternative to conventional thrusters. 

Design:The Dean Converter isan extremelyefficient reactionlea 
drive which requires only electric energy to operate. Each cubic 
meter of Dean Converter machinery converts 1 megawatt of 

power to 100 metrictonnes of 
thrust. There is no lower or up- 
per limit on the size of Dean 
Converter machinery. Each cu- 
bic meter of Dean Converter 
machinery masses 2 metric 
tonnes and costs MCrO.1. Tech 
level of initial availability is left 
entirely up to the referee. 

Maneuver drives in previous 
editions of Traveller were ex- 
plained as related to the same 
body of theoretical physics 
which allowed artificial gravity 
and damper fields, which i s  to 
say manipulation of gravita- 
tional force and the strong 
nuclear force. Artificial gravity 



was defined as a force which could either push or pull and 
which acted on the gravitational field of a mass. Clearly, this 
would not be an efficient means of travel outside of a gravity 1 
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well, and so a further advance was postulated which allowed v Thinly dispersed hydrogen in space 

the force generated by the drive to push on the actual thruster 
plates of the ship itself, propelling it through space and 
achieving a true reactionless drive. 

The problem with thisapproach isthatit runsintothesamewall 
as does the Dean Drive (see above). A drive can be reactionless 
without violating the law of conservation of momentum if it 
moves a craft around without changing itsvelocity. (“Huh?” No, 
this is not a typo. Consider the jump drive. It moves a ship from 
point A to point B, and does so without pushing it through the 
intervening space. It is  a reactionless drive, but when the ship 
arrives a t  point B it has exactly the same momentum in the form 
of a vector as it had when it left point A. Thus, its velocity has not 
changed, nor has the momentum in the system overall been 
altered.) Buta reactionless drive which changesthe physical velocity 
of the craft shatters the law of conservation of momentum. 

As indicated in the discussion of the Dean Drive, referees of 
science-fiction games should not be too shy about breaking the 
laws of physics. The fiction in the genre’s name gives you license 
to do so. But the science in the genre’s name requires you to a t  
least know what you are doing and havea pretty good reason for 
doing it. In the case of reactionless drives in general, the bes t  
reason is  that the sort of campaign you are running requires a 
cheap, efficient, no-hassle way of getting from here to there. It is 
best suited to campaigns with a strong space-opera flavor. (Don’t 
sneer; those can be the most fun sometimes.) 

Design: Thruster plate technology becomes available around 
tech level 1 1 (due to the fact that it i s  tied closely to many of the 
other theoretical breakthroughs that occur a t  about that time). 
Each cubic meter of installed thruster plate drive generates 40 
metric tonnes of thrust, masses 2 tonnes, requires 1 MW of 
power, and cost MCrl . Surface area (used by spacecraft only) in 
square meters is equal to thrust in tonnes + 200. 

- of motmn 

I there is the odd hydrogen atom floating around. The problem i s  
gathering enough of “the odd hydrogen atoms” (one or two 

5. Bussard Hydrogen Ram 
The Bussard ram (so called after Dr. Robert Bussard, who first 

proposed it in 1960) was once thought to be scientifically and 
technologically feasible. Greater knowledge of the workings of 
superconducting magnets and deuterium fusion now seem to 
have relegated the Bussard ram to the arena of science fantasy. 
Even if technologically feasible, Bussard rams are not generally 
used in the Traveller universe because jump drives make them 
irrelevant. This is because Bussard rams are drives designed to 
bridge the distance between stars a t  sublight velocities. 

The biggest single problem in tackling interstellar distances is 
fuel. You have plenty of distance between stars in which to 
accelerate and getup to really healthyfractionsof light speed, but 
as hard as it is to find room for several C-hours of acceleration, 
imagine trying to carry several C-years of fuel-then imagine 
slowing back down. 

The Bussard ram beats this problem by using the thin interstel- 
lar atmosphere for fuel. What atmosphere, you say? You thought 
space was a vacuum? Well, for most purposes it is. There is 
insufficient atmosphere to have any measurable pressure, but 

atoms per cubic centimeter of space) to constitute useful fuel for 
a hydrogen fusion rocket. 

Theansweristwofold. First, thefastertheshipmoves, themore 
volume of space it passes through, and thus the more atoms of 
hydrogen itcan collect for fuel in a given amount of time. Second, 
if the ship has a sufficiently large fuel scoop, it can gathera larger 
volumeof hydrogen. In round numbers,ashipneedsascooparea 
of about 35,000square kilometers per metric tonne of ship’s mass 
per C of constant acceleration, and needs to reach about 1 % of 
light speed before it is scooping enough hydrogen forthe ram to 
sustain a continuous fusion reaction. By way of illustration, this 
means that a fairly tiny ship, of about 1000 tonnes mass, would 
require a scoop over 2000 kilometers in diameter. 

the weight limitations of the craft. The answer is instead to use a 
network of superconducting magnets as the base of the scoop 
and use their magnetic fields as the scoop itself. That is, the ship’s 
scoop is not a physical presence but rather a large magnetic field 1 4 
projecting from the front of the ship. 

Toacceleratetheshipto 1 %oflightspeed(3000kilometersper 
second, or 180 Brilliant Lances hexes per 30-minute game turn) 

10 

11 

12 

It is clearly not feasible to build a solid scoop that large, given 1 3 
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would require a separate drive, probably either a wry fuel- 
efficient ion driw or a themonuckar pulse dike. 

f Design: The Buuard ram uses a conventional fusion rocket 
coupled to an electromagnetic scoop. The fusion rocket is 
identical to the one noted on the ~H-contained thmster table 
above, with the exception that whik operating in ramscoop 

2 made, it consumes no fuel. Each cubic meter of installed Fusion 
rocket requires one cubic meter of supe~onducting magnetic 
coils for the ram scoop. Magnetic coils m s s  1 tonne per cubic 
meter and cost MCrIT.5 per cubic meter. Surface area of the 3 thruster in square meters equals thrust in tonnes + 200. Surface 
area devoted to the scoop is cqu~alent to 25% of the ship's 
surface area (i-e., all of the surface of hit locations 1-5). 

4 6. Daedalus Thermonuclear Pulse Drive 
The Daedalus drive was first proposed by the British lnterpbn- 

ctary Society in the mid-I 9 JOs, and in its simplest terms consists 
of a furl tank andan ignition chamkr. Hydrogen fuel is fed into 

5 ihr ignition chamber and super-heated by lasers or high-energy 
ekctron hams. fhe resulting thermonuclear explosion pushes 
the ship fomard. 

Fuel is in the form of pellets. Each fuel pellet masses about 1.5 
6 grams and consists of a mixture d deuterium (hwy hydrogen) 

and hcliurn-3, al'l enclosed En a superconducting shell. The 
detonation of a single fuel pellet produces 'between 15 and 20 
tonne/secbhds of thrust. 7 The ignition chamber and suppomng electronics (electron 
guns and magnetic fields which protect the ship as wll as 
directing thrust) give the engines a l o w r  thrust-to-mass ratio 
than a conven'tional fusion rocket but provide fuel eHiciency 

8 about one order of magnitude higher. For long interstellar 
voyages, fuel efficiency is critical. 

Design: Daedalus driwsare mailabk attech level 9 and a h ,  

Each cubic meter af engine masses 1 tonne, generates 1.5 tonnes 
of thrust, and consumes 0.0005 tonnes of fuel per hour. Price is 
MCrO.5 vr cubic meter of engine. Surface area of the ignition 
chamber in square meters is equal to tonnes of thrust + 200. 
Bemuse of the exacting manufacturing requirements, fuel forthe 
Daedalur drive costs 100 times as much as converational hydro- 
gen fuel. 
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7. Solar Sails 
Solar sails are extremely leisurely wagcs of moving around in a 

sotar system. Solar~iIs arcextwme~y large, lightwe~ght reflective 
sudaceswhich relyon the physical pressure of photons in sunlight 
for thrust. 

The almost-universal first instinctive reaction to solar sailing is 
that the rail can only carry lthecraftawayfrom the sun, but infact 
the sail can be used to tack (to barrow a yachtsman's tern) and 
use thrust to mow back toward the sun. Haw is this possible? 

The solarwil i s  nota stationatyobjtwith straight-line =tom. 
As it is an object in the solar system, it is in orbit (although it may 
bea very distant orbit) around the sun. A s h e  sail can beangled, 
it can t>e used to either add to the orbital velocity or decrease 
orbital velocity. As orbital velocity increasesp the ~ i l  asrums an 
ohit farther away from the sun, and so moves away from it As 
orbitat velocity decreases, h-r, the sail assumcsa clowrorbit 
and so actually movestoward it. Inhbothcases, h m w w r , m m e n f  
is gradual due to the extremely I w  thrmt generated by the sad. 

The pressure of sunlig ht on the sail inside the habitable zone of 
a star system generates 0.5 kg of thrust (or 0.0005 tonnes) per 
square kilometer of sail. As a square kilometer of sobr mil, 
complete with its rigging, weighs 0.5 tonnes, or 1000 times as 
much as the thrust generated, and that i s  without any payload, 
it is immediately obvious that the sail generates minute accelera- 
tion, However, that minuteacceleration isconstant and free (with 
respect to fuel), and so isveryemnomicat for long voyages if you 
aren't in any particular hurry. 

To calculate C-hoursof thrustgenerated by the sail, divide the 
total massob the spacecraft (including the mass of the saib by the 
sail's thrust in tonnes (square kilometers of sail area multiplied by 
0.0005). The resultis the numberof hours of acceleration needed 
to achiew one G-hour of acceleration. 

Thrust is rnultipbed by 10 in the star's inner zone and by 0.01 
in the star's outer zone. 

I T k  Tech level of first availability. 
Mass: Mass, in tonnes, per square kilometer of sail surface. 
M C r  Brice, in mllmnsof creditr, p r  square'kilomter of sail surfaae, 
Vol: Stored volumed 1 square kilometer of solar sail is 10 cubic 

meterr. 
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Afterburn: All ducted fans have the ability to inject fuel and 
burn it in the airstream, which works similar to the afterburner 
on a jet. Thisdoublesfuel use for the power plant and increases 
thrust by 50%. Afterburners are generally used only a t  high 
altitudes or for bursts of speed. 

2. Maglev 
Current magnetic levitation (maglev) research is concen- 

trated on making near-frictionless trains, which ride on (or 
actually over) magnetized rails. This is not what we are talking 
about here, however. Maglev here is defined as a means of free 
levitation by riding the magnetic field of a planet. One obvious 
limitation of this form of lifter is that it is useless on a world 
which does not have a magnetic field, orwhich has averyweak 
one. 

Aside from the fact that they function only in a strong 
magneticfield, maglev lifters are built and function in the same 
way as CC lifters. 

MAGLEV LIFTERS 

TL MW KI M G  

20 0.05 0.1 .05 

TL: Tech level available. 
MW Power requirement, in megawatts, per displacement 

KI:Volume, in kiloliters(cubic meters), per displacement ton 
ton (14 kl) of hull. 

(1 4 kl) of hull. 

3. Cravitic Displacement 
The contra-grav lifters described in the gameare farfrom the 

only imaginable means of manipulating gravity, and of the 
various types imaginable, one of the more interesting we call 
a gravitic displacement (CD) field. A CD field displaces the 
potential energy of a mass toward the closest gravity source 
without moving the mass itself, thus circumventing gravity 
with respect to the physical mass. This allows a massive object 
to riseand hover,and hasmuch thesameeffectascontra-grav. 
The technical requirement of CD fields are similar enough to 
those of contra-grav that the same design procedure can be 
used. The only important difference is in the actual operation 
of the lifters. 

Since a CD field displaces the potential energy of a mass 
toward the nearest gravityfield, CD lifters have to be used with 
great care. A ship massing 1000 tonnes and hovering a t  a 
dozen meters or so will have the same effect on the ground 
surface directly beneath it as if it were resting physically on the 
ground. Light structures, plant life, and animal life alike would 
be crushed. 

Craft at higher altitudes cause less surface disruption as their 
potential mass is spread over a wider area, but there are strict 
altitude and traffic regulations for even small craft flying near 
metropolitan areas. Large craft have very rigidly controlled 
landing and takeoff patterns, and these are over water when- 
ever possible. (The ship will make a huge depression in the 
surface as it pulls over the water at low altitude.) 

Crav vehicles, such as grav tanks, can again make crushing 
overrun attacks on enemy personnel, but pressure-sensitive 
mines (some of which are angled to fire charges directly up at  
the belly of gravvehic1es)will also betriggered by their passing. 
In short, CD lifters are identical in gross effect to CC lifters, but 
add a number of interesting additional detailed interactions 
with a planet surface. 

Mass: Mass, in tonnes, is equal to volume in cubic meters. 
MCr: Price, in millions of credits, per displacement ton (1 4 

4 kl) of hull. w 
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CHAPTER 11 
Life Support 

Spacecraft, high-altitude aircraft, and all vehicles intended 
for use in a hostile environment require some sort of life 
support equipment. Specific design sequences provide guid- 
ance on minimum required levels of life support. 

Life Support Equipment 
Oxygen tanks and masks allow breathing at high altitudes or in 

a hostile atmosphere. Overpressure consists of a compressor and 
filter for use on worlds with tainted atmospheres or in a chemical, 
biological, or radiologically contaminated environment It draws 
air in, filters any contaminants out of it, and pumps it into the craft 
at  a higher pressure level than the outside. This allows an unsealed 
vehicle to remain contaminant free, as there is a constant flow of 
air outward, preventing contaminated air from entering. 

All powered vehicles include some form of heating and 
internal lighting. 

Basic life support provides sealed environment, air, and 
water. Extended life support adds waste disposal/recycling 
and food, and is required for all craft that are operated for 8+ 
hours at a time, or vehicles in a hostile environment intended 
to operate for a day or more away from base. Craft with 
extended life support substitute this for basic life support. 

The most common types of life support are shown on the 
table below. 

LIFE SUPPORT EQUIPMENT 

0.010 0.010 0.0001 

10 Artificial Gravity/ 
C Compensators" 0.005 0.01 0 0.020 0.0005 

TL: The tech level of availability. 
MWThe energyrequirement, in millionsofwatts, percubic 

meter of enclosed hull volume (except that the requirement 
listed for air locks is per installed air lock). 

Vol: The volume of life support equipment, in cubic meters, 
per cubic meter of enclosed hull volume (except that the 
requirement listed for air locks is per installed air lock and for 
oxygen tanks and masks is per passenger and crewperson). 

Mass: The mass of life support equipment, in tonnes, per 
cubic meter of enclosed hull volume (except that the require- 
ment listed for air locks is per installed air lock and for oxygen 
tanks and masks is per passenger and crewperson). 

MCr: The price of life support equipment, in millions of 
credits, per cubic meter of enclosed hull volume (except that 
the requirement listed for air locks is per installed air lock and 
for oxygen tanks and masks is per passenger and crewperson). 

Aircraft: For aircraft, the enclosed hull volume, in cubic 
meters, for purposes of life support requirements, is defined as 
the total number of passengers and crew multiplied by 2. 

Airlocks: The minimum number of airlocks required on a 
spacecraft is equal to the hull number (displacement in tons) 
divided by1 00, rounding all fractionsup. Eachairlockrequires 
2 square meters of hull surface area. 

C Compensation 
Ships with a C rating greater than 1 may only use the 

acceleration for limited periods of time, unless they have C 3 
compensators or C tanks installed. (Prolonged periods of high 
acceleration will othewise injure the crew.) 

C tanks are large fluid-filled tanks that passengers and crew 
are immersed in during high-C maneuvers. As crew worksta- 4 
tions require secure means of interacting with controls and 
monitors while immersed, crew (workstation) C tanks are 
extremely expensive. 

Artificial gravity C compensators create an artificial gravity 
field in direct opposition to the axis of acceleration, thus 
negating the acceleration (up to the limit of the artificial gravity 
field). Compensated Gs is the number of acceleration or evasion 
Cs negated by the compensator. The amount of Cswhich can be 
compensated vary by tech level as shown on the table below. 

All crews can automatically withstand 1 G, so the maximum 
acceleration without degrading crew performance is actually 7 
1 C above this level, as shown in the Max Accel column to the 
left of the slash. Evasion Cs, however, are applied erratically, 
and so cannot be withstood by crews without degrading 
performance, as shown in the Max Evade column to the left of 8 
the slash. Beyond these levels, all tasks are performed at one 
difficulty level higher (+1 Diff Mod) per C-turn applied. 

Starship crewmembers who are strapped into workstations 
(for Traveller space combat, this is assumed to be everyone 
except damage control parties, maintenance crew, stewards, 
medics, and ship's troops) can withstand 1C additional of 
acceleration or evasion before their performance is degraded. 
These figures are shown to the right of the slash in the Max 

1 
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9 

10 
Accel and Max Evade columns. 
C tanks always compensate 1 C and all passengers and crew 

in -tanks are treated as strapped into a workstation (and so use 
that column). Note that damage control parties cannot use C 
tankswhile working, and so such a ship may only accelerate a t  

12 
1 C while making repairs and may not evade a t  all. 

Max Accel/ Max Evade/ 
TL Compensated Cs Workstation Workstation 

13 4c W 6 C  4c/5c 

14 
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Extended Accommodations 
Craft which will house passengers and crew for more than 

24 hours require extended accommodations. Passengers and 
crew require bunksfor short tripsof several days, provided they 
understand that accommodations are to be austere. State- 
rooms are required for paying passengers. Each High Passage 
passenger requires one stateroom (large or small). Middle 
Passage passengers require one stateroom (large or small) in 
the Regency, but are placed two to a large stateroom in the 
Wilds (never two to a small). 

Civilian crew are usually accommodated two to a large 
stateroom, or one to a small stateroom in the case of officers. 

Military crew are usually accommodated at best like civilian 
crews, but will often be carried at  double occupancy (two per 
small, four per large stateroom) or greater, or even housed in 
bunks. Bunks may be multiple-occupied by "hot bunking," by 
sleeping in three shifts per 24-hour period. 

Offices will not sleep in bunks, nor accept worse than 
double occupancy. 

All values on the table below are per installation. 

EXTENDED ACCOMMODATIONS 
DescriDtion M W  Vol Mass MG 

6 

7 
Small Stateroom 0.0005 28 2.0 .04 

Environmental Gravity 
On tripslasting longer than one week, the absence of gravity 

in deep space will begin to have harmful physiological effects, 9 principal among them being loss of muscle tone and, eventu- 
ally, loss of bone calcium. Regular exercise can only reduce 
these effects, it cannot prevent them. Prevention requires 
some form of artificial gravity. Ships equipped with artificial 

1 0 gravity generators (covered above under C compensators) auto- 
matically have a steady 1C environment. Ships without grav 
compensators must instead generate gravity by means of spin. 

Ships which rely on spin habitatsto provide gravity do not 
have to spin the entire vessel (although sometimes this is 
done). Instead, only that part of the vessel occupied by 
accommodations need be spun. 

There are several varieties of spin habitats, broken into the 
following general categories. Theseveraldesignsof spin habitats 
are differentiated more for purposes of deck plans than for the 
particulars of design. The requirementsforvolume and additional 

1 3 machinery actually vary very little between most of these. Their 
descriptions should help viw.ialiie your ship during design. 

Spun Hull: This is the simplest, but usually largest, spin 
habitat. In it, the hull is a large cylinder that spins around its 

14 long axis, thus providing centrifugal gravity in the outer part 
of the cylinder. Due to Coriolis effects, the central part of the 
cylinder (within a radius of 10 meters) is unusable for quarters 
or workstations, and thus is usually used for fuel, cargo, and 

I 

low-maintenance machinery. More often the hull is built like 
a doughnut, and thecentralcore isleftempty.Thebasicgame's 
lab ship is an example of a ship built in this configuration. 

Only open structures and cylinder hullforms may use this 
type of spin habitat. 

No additional machinery is required for a spun hull. 
Double Hull: In this design, the outer hull spins but sur- 

rounds an enclosed inner hull which does not Again, this 
design is most useful forvery large ships as the enclosed central 
hull is  a t  least 10 meters in radius. 

Only cylinder hullform ships may use this type of spin habitat 
Double hulls require a volume of machinery equal to 1 % of the 

enclosedvolume of the outerhull. Massis 1 metrictonne percubic 
meter and price is MCrO.OO1 per cubic meter. 

Hamster Cage: The hamster cage consists of a cylindrical 
module that is a t  1 3 meters in radius, and that spins to create 
artificial gravity. Unlike other designs, the hamster cage is often 
set a t  right angles to the axis of the ship and generally installed 
in counter-rotating pairs (to eliminate torque effects on the 
ship's attitude). 

Any ship hullform may use hamster cages, but the ship may 
not have an airframe configuration. 

Hamstercagesrequire avolumeof machineryequalto 1 %ofthe 
enclosed volume of the modules. Mass is 1 metric tonne per cubic 
meter and price is MCr0.001 per cubic meter. 

Spin Capsule: The most common spin habitat in use is the 
spin capsule. In this design, two or more quarters modules of 
the desired size are placed at  the ends of pylons that rotate 
around a common axis. (Usually, but not always, this isalso the 
long axis of the ship). The spin capsules have a rotational radius 
of a t  least 10 meters. Access to the capsules i s  by way of the 
pylons, which contain ladders or powered lifts. Power and 
atmosphere is also supplied through the pylons. 

All spin capsules are designed to retract against the ship's 
hull during violent maneuvers or atmospheric travel, and so 
any hullform and configuration can have spin capsules. 

Spin capsules require a volume of machinery equal to 5 
percent of the enclosed volume of the capsules. Massisl metric 
tonne per cubic meter and price is MCr0.001 per cubic meter. 

Two Body: Two ships can attach themselves together using 
a pylon and spin around a central point to provide gravity. The 
chief disadvantages of this design are that both ships must be 
present in order to spin and neither ship may maneuver or 
change vectors while linked. 

All that is required for a two-body spin habitat (aside from 
the two ships) is a pylon made of hull material (hard steel or a 
material of greater hardness) that is at least 1% of the 
combined mass of the two ships. Volume and price are 
determined by the material used to construct the pylon. 

Custom Life Support Design 
Fuel tankagevolume does not require life support or artificial 

gravity. However, without these, the tankage is more difficult to 
repair and maintain, and cannot be used for emergency or 
expedient measures (such as the installation of modular quarters). 



CHAPTER 12 
Cybernetics 

The core Traveller universe does not concentrate heavily on 
cybernetic enhancements. Although there is no reason not to 
include this sort of technology in an on-going campaign, its 
effects on both the style and substance of play are so powerful as 
to completely dominate the game. Therefore, referees should 
give some serious thought to the sort of game they wish to run 
before deciding on how much cybernetics will be used. 

The Imperial Space campaign will not be dominated by 
cybernetic issues, but will deal with these issues only on the level 
that they provide futuristic “realism.” 

Cybernetics is the science of electronic, mechanical, and biological 
enhancement of living organisms. Its most primitive antecedents are 
the peg legsand hooks used to replace missing legsand hands, inferior 
substitutes for the originals. Engineering advances made prosthetic 
limbs progressively more effedive replacements for missing body 
parts, until eventually the replacements became superior to the 
original organic component 

Once elective cybernetic enhancement becomes a reality, each 
society has to face a number of ethical issues which are not easily 
resolved, and which invariably turn separate societies in different 
directions. Some embrace cybernetic enhancement whole-heartedly, 
others reject it completely, and still others find an uneasy middle 
ground. How a particular society reacts to cybernetic enhancement is 
up to the referee, but is an issue which should be considered carefully 
before cybernetics are incorporated into a campaign. 

Virtually all societies view cybernetically enhanced humans in 
different terms than “natural“ humans, and a wide variety of 
slang (some derogatory) inevitably grows up to help define that 
difference. The most common slang for a cybernetically en- 
hanced human is“ironman”(or”iron maiden”), while unenhanced 
humans are called “slicks.” By the same token, cybernetic en- 
hancements which are visually indistinguishable from original 
organic components are called “slickware,” as opposed to hard- 
ware or cyberware. 
As general rule, it is a good policy to impose some penalty on visible 

cybernetic enhancements, usually to a player‘s Charisma attribute, and 
usually amounting to a -1 per visible cybernetic modifiiation. 

A typical outline progress of cybernetics by tech level is shown 
on the following table. 

TL Tme - ,r - . -  

5 Primitiie prosthet icmcia l  limbs) 

8 Full-function mosthetics . - *  
9 Direct brain-machine intedace allows prosthetic eyes akd 

ears and neural jacks. Early controlled chemical manipula- 
tion of body systems 

10 Enhanced-performance prosthetics and subdermal armor 
11 Direct computer implantation 
12 Advanced chemical manipulation of body systems 

A wide variety of cybernetic modifications and enhancements 
are discused below. These are broken into four broad categories: 
head jobs, body implants, peripherals, and therapy. 

Head jobs, as the name suggests, have to do with cybernetic 
modifications to the character’s head, usually to the principal 
sensory organs (eyes and ears). 

Body implants include large systems which cannot easily be fit 
into the head and which are instead mounted in the abdominal 
or thoracic cavity, sometimes replacing or displacing internal 
organs. 

Peripherals are modifications to the arms and legs, either for 
improved performance or adaptation of limbs to special func- 
tions. 

Therapy consists of organic modification of the character’s 
body, either through drugs, genetic manipulation, or surgical 
procedures. 

Power 
Many of the cybernetic enhancements detailed require the 

input of electrical power to function. This power is produced in 
one of two ways. 

Items tha t  need only small amounts of power, such as various 
passive sensor eyes, are powered by tiny thermoelectric genera- 
tors that produce the needed electrical power from body heat. 
These generators are subsumed within the volume, weight, and 
price of the item. 

Other items, particularly those which transmit energy (active 
sensors and radio or video transmitters) and enhance strength, 
have thermoelectric power supplemented by tiny tong-life bat- 
teries, also subsumed within the volume, weight, and price of the 
item. These batteries must be periodicallyrecharged bya special- 
ized adaptor which can convert standard current into a form 
suitable to the batteries. 

Some systems require no power at  all. These systems are 
completely passive, as in the case of subdermal armor, com- 
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pletely biological, as in the case of aquatic skin, or have their 
mechanical functions connected to the host’s muscles, which 10 
operate the mechanism as if it were any normal skeletal compo- 
nent, as in the case of the hard hand. All of the respiratory 
implants are treated as being completely biological, even though 
they may include the insertion of various synthetic components. 11 
Head Jobs 

Head jobs all require delicate surgery to the head, and most 
deal with very sensitive newe connections. These procedures can 
be extremely danqerous if not done properly, and so they tend 
to be the most expensive of the cybernetic enhancements. 

opens the way for a wide variety of cybernetic enhancements to 
eyesight. Early cyber eyes are single-function eyes, and are easily 
recognizable as mechanical implants, but a t  higher tech levels a 
wider variety of functions are available and they become less 14 
obvious. 

Cyber Eyes: Direct electronic/newe interface a t  tech level 9 13 

. .  
1 3 Genetic manipulation, enhancement, and replacement of 

selected tissues 
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The following table shows the general development of cyber 
eyes over time. In all cases, the cyber eye includes basic visible 
light vision, and the table indicates the number of additional 
features which can be added. A dash indiactes that a cyber eye is 
not available at that tech level and a “0” indicates that  no extra 
function can be added to basicvisible light spectrum vision. Note 
that some additional options count as more than one feature for 
purposes of the capacity of the eye. 

“Hard” eyes are immediately recognizable as cybernetic 
enhancements, while “slick” eyes appear normal to casual 
observers. 

FUNCTIONS 
TL Hard Slick 

- 10 1 
11 2 0 
12 3 1 
13 4 2 
14 5 3 
15 6 4 
16 7 5 
17 8 6 
18 9 7 
19 I10  8 
20 11 9 

A number of options available for cyber eyes are listed below. 
In all cases, skill tests to detect objects using cyber eyes are made 
with the Observation asset 

Telescopic: Telescopic vision allows magnification similar to a 
telescope or binoculars, with zoom controlled byeyeball pressure 
(which is manipulated by squinting). 

Active Infrared:A beam of infrared light is projected either from 
forehead-mounted lights (in the hard version) or through the eye 
itself (in slick versions). Active infrared is a useful sensor a t  night, 
but will not penetrate smoke, dense fog, blowing sand, etc. It has 
ashortrangeof 60meters. SlickactiveIReyesaresufficiently bulky 
that they count as two options instead of only one. 

Passive Infrared: The eye is extremely sensitive to infrared 
radiation and can “see” heat. Most living creaturesand machines 
have very distinct heat signatures, while inanimate objects can 
usually be seen by the amount of heat that they absorb from the 
sun. Nevertheless, objects after sundown which have completely 
cooled off become almost invisible to passive IR. Unlike active IR, 
passive IR can see through most smoke and blown dust, but is 
rendered ineffective by rain or snow. It has a short range of 30 

Star Eyes: Star eyes use light-amplification techniques to 
allow normal vision in low light conditions (primarily nighttime 
using starlight, hence the name). Smoke, blown sand, and any 

1 4 sort of atmospheric conditions will interfere with stareyes.They 
have a short range of 120 meters. Stareyes are sufficiently bulky 
that they count as two options instead of only one. 

13 meters. 

Color Enhancement: Color enhancement, originally developed 
to aid color-blind patients, is useful for resolving detail a t  long 
distances and for detecting camouflage. Color hue and intensity 
is adjusted by increasing or decreasing eyeball pressure. (This can 
be accomplished by squinting.) Color enhancement is useless in 
limited-visibility situations. For purposes of detecting camou- 
flage, color enhancement has a short range of 120 meters. 

High-Resolution Thermal (HRT): HRT is an advanced form of 
passive infrared with a short range of 300 meters. HRT can see 
clearly through most forms of smoke, but has its performance cut 
in half by rain or snow. HRT eyes are sufficiently bulky that they 
count as two options instead of only one. 

lmaging Radar: The eye contains a millimeter wave radar 
transmitter and processor unit with fine enough resolution for 
image formation. lmaging radar has a short range of 300 
meters and is not degraded by any atmospheric effects. Imag- 
ing radar is sufficiently bulky that it counts as three options 
instead of only one. 

Image Enhancement: Image enhancement not only magnifies 
but also sharpens focus and contrast, making visual recognition 
easier. Image enhancement has the combined effects of tele- 
scopic vision and star eyes. Image-enhancement eyes are suffi- 
ciently bulky that they count as two options instead of only one. 

Wide-Spectrum Visual (WSV): This eye combines magnification 
and image enhancement with sensitivity to light across a broad 
spectrum, from ultraviolet through infrared. As such, it combines 
most of the advantages of earlier sensor eyes in a single package. 
Its short range is 300 meters. WSV is sufficiently bulky that it 
counts as three options instead of only one. 

Target Link: Only characters with a neural jack may use a target- 
linked eye, and only with weapons designed for target interface 
(so-called “smart” weapons). The weapon’s bore sensor, when 
engaged, projectsa target image in the middle of the user‘svision 
field, showing what the weapon “sees” rather than the actual 
image. An alternative shows a distinct colored line along the 
weapon’s line of fire if the line of fire is within the user‘s field of 
vision, and a colored arrow prompt showing what direction to 
look to find the line if it is out of the user‘s field of vision. This line 
is invisible to anyone else, since it exists only inside the user‘s eye. 

Any small arm or heavy weapon may be modified by the 
addition of a “smart sight” Available atTL 10, it has a volume of 
1.5 liters, masses 0.2 kilograms, and costs Cr5000. The smart 
sight also has the features of an electronic sight (see  page 97). 

RecordecThis option allows the user to make a one-hour video 
recording and play it back a t  a later time. The recording can be 
transferred to hard video by means of a small laser viewer that fits 
over the eye. The video image on the organic recording will begin 
to deteriorate after 48 hours. The recorder feature is sufficiently 
bulky that it counts as three options instead of only one. 



Holo-Recorder: As the recorder described above, but the 
recording is a three-dimensional hologram. The holo-recorder 
feature is sufficiently bulky that it counts as four options instead 
of only one. 

Eyeball Display: This allows projection of information in read- 
able form in the user‘s field of vision, much like the heads-up 
display of a fighter aircraft. It is particularly useful if a computer 
implant is used, but can is also useful with chronometeror inertial 
navigation implants. 

Rangefinder: This option may only be installed if the user also 
has an eyeball display. The rangefinder projects a low-energy 
infrared laser beam and determines range from the reflection. It 
is accurate to within 1 % of range out to 5 kilometers. 

Cyber Ears: Cybernetic augmentation of hearing is available 
considerably sooner than is visual augmentation. Early cyber ears 
are simple amplifiers, often worn externally, which are later 
replaced by implants inside the hearing canal, all but invisible. At 
higher tech levels, a wider variety of functions are available. 

The following table shows the general development of cyber 
ears over time. In all cases, the cyber ear includes basic hearing, 
and the table indicates the number of additional features which 
can be added. A dash indiactes that a cyber ear is not available a t  
that tech level and a “0” indicates that no extra function can be 
added to basic hearing. 

“Hard” ears are immediately recognizable as cybernetic 
enhancements, while ”slick” ears appear normal to casual 
observers. 

FUNCTIONS 
TL Hard Slick 

Sound Dampening: Although loud or irritating sounds won’t 
damage bionic ears, they can be annoying, distracting, or even 
painful to the user.This option enables the owner to dampen out 1 
specific ranges from the sonic spectrum, allowing sound to be 
dampened, which can also make it easier to heara specific sound 
(such as a human voice) in a noisy environment. 

sound and play it back a t  a later time. The recording can be 
accessed a t  any point and can be recorded over. 

Sonar: Sonar ears may only be used in conjunction with a 
computer implant. An omnidirectional variable-tone ultrasound 
transmitter in the ear sends out ultrasound waves and then 
determines distance to the nearest objects by means of echo- 
ranging. A continuous low tone in the ear when the system is 
engaged provides information to the user as to range based on 
pitch and volume of the tone. If an eyeball display is available, the 
sonar can also build up an ultrasound map of the space around 
the user and overlay it on the visual image of the eye. If only one 5 
ear is installed, the head must be moved around to build up a full 
sonar map. If both ears have sonar features, no such ”scanning” 
is necessary. 

install in the ear itself, but the speaker for the communicator is 
generally located there. See the Body Implants section (page 82) 
for details of communicators available. 

Eye-Ear Combination Suite: This is a special cybernetic com- 
bination suite available a t  tech level 10 and higher. It is available 
as a hard option only and replaces both the eye and ear on one 
side with a clearly visible synthetic housing. No attempt a t  
cosmetic disguise is made. The suite allows the standard number 
of hard options for the eye and ear plus two additional options 

Recorder: This option allows the user to record one hour of 2 

3 

4 

~ o m m  Receiver: Communicators are normally too bulky to 6 

7 

8 

8 1 0 added to.either, or split between them. Cost is the sum of the 
optionsselected, but thesuite IowersCharisma by4 instead ofthe 9 
normal 2 (1 each for a replacement eye and ear). 

Other Options: A number of other head options are available, 

10 
16 6 4 some of which can be used in conjunction with options already 

covered. 
20 8 6 

A number of options available for cyber ears are listed below. 
Amplified: This allows amplified hearing and clear audio resolu- 

tion of faint sounds a t  distances of 100 meters or more. 
low frequency: This allows hearing of low-frequency sounds, 

sounds which are more often felt or sensed than heard. Hearing 
these sounds makes it easier to pinpoint the direction of origin. 
Early versions of this ear tend to be oversized. 

High Frequency: This option allows a person to hear sounds 
above the aural range of normal humans. Early versions of this 
ear tend to be made from very dense material, such as plastic 
or even metal. 

Neuraljack: This is a socket, usually mounted in the temple or 
(for cosmetic reasons) a t  the base of the neck, and is used to 
establish direct electronic contact between the human brain and 
electronic equipment. It allows the brain to receive and decode 
electronic data as well as transmit commands directly to linked 
equipment. 

When “jacked in“ to machinery, all tasks using that machinery 
become one level easier. When jacked in to memory bank and 
educational programs, the Education attribute is increased by 3 .  

Chronometer: This is an installed day, date, and elapsed time 
recorder linked to an eyeball display. 

lnertial Navigation System: This is an installed inertial position- 
ing and navigation system. Aeyeball display must be installed for 
this option to be used. The navigation system will display current 
magnetic bearing and will also show the bearing to any of five 14 
previously recorded positions. 

fsionic Shield: This serves the same function as a psionic shield 
helmet, but is permanently built in (and usually undetectable). 

11 
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Power jaw: This option involves complete replacement of the 
upper and lower jaw and teeth with synthetic material. Strength 
is mechanically enhanced which allows the user to bite through 
a variety of materials and inflict 1 D6 hits if used to bite a hostile 
character. 

jaws of Death: This  is a hardware-only option consisting of 
oversized jaws with enlarged teeth (so-called "jaws of death") 
which allows the user to use them to make armed melee attacks 
in the same way as do large predators. Jaws of death inflict 2D6 
hits, but cause a -2 CHR penalty due to their (deliberately) 
grotesque appearance. 

Subdermal Armor: This option surgically layers thin synthetic 
armor protection below the skin surface but over the skull. 

The following table summarizes the important information 
concerning cybernetic head modifications. 

CYBER HEAD OPTIONS 
TL Tme Number of Swces MCr ,, 

10/12 Telescopic Eye 1 0.01 

11/14 Passive IR Eve 1 0.05 
6 

11 /12 Eyeball Display 1 0.01 

6/8 Redacement Ear 0 0.001 
a n  8/10 Amplified Ear 1 0.001 
I u 8/10 Comm Receiver Ear 1 0.001 

9/12 Low Freauencv Ear 1 0.02 
9/13 High Frequent$ Ear 2 0.02 . 1 1 10/12 Recorder Ear 2 0.04 
12/14 Sonar Ear 3 0.1 
9/10 Neural Jack - 0.8 
'1 1/12 Chronometer - 0.0001 
1 1/12 Inertial Nav - 0.001 
13/14 Psionic Shield - 0.04 
9/11 Power Jaw (1 D6 damage) - 0.005 

jaws of Death (2D6 damage) - 0.01 

12/13 Subdermal Armor AV 0 (2) ' - 0.2 
14/15 Subdermal Armor AV 1 - 0.2 

- 0.25 
13 9/- 

1 4 1 7/18 Subdermal Armor AV 2 - 0.1 5 

10/11 Subdermal Armor AV (1) 

I 

TL: Tech level of first availability. The first number is the tech 
level atwhich the feature is available asa hard option, the second 
the level at which it is available as a slick option. 

Number of Spaces: The number of features the particular 
option counts as when determining the total capacity of the 
cyber eye or ear. 

MCr: The price, in millions of credits, per feature, at the tech 
level of introduction. This price is halved at all higher tech levels. 
Note, however, thatslickoptions cost the full printed price attheir 
first tech level of availability, even though hard options of the 
same sort are by then less expensive. 

Body Implants 
Larger systems cannot usually be fit inside the skull and so are 

placed in the thoracic or abdominal cavity, usually anchored to 
the skeleton, and sometimes replacing part or all of an organ. 
Body implants include four general areas: respiratory implants, 
electronics, dermal alteration, and computer implants. 

Respiratory 1rnplants:These devices deal with respiration and 
affect the ability of the user to function under physical stress of in 
a hostile environment. 

Supercharger This is a device used to store some of the 
endorphins that the character's body naturally produces. The 
endorphin issavedforreintroduction intothe bodywhen needed 
to add extra oxygen to, and remove fatigue toxins from, the 
character's bloodstream. The supercharger is installed in a space 
made available by removal of half of a kidney. A supercharger 
increases a characters CON attribute by 2. No more than one 
supercharger may be installed. 

Hypercharger: A larger and more advanced form of the super- 
charger, the hypercharger requires removal of an entire kidney 
andincreasesa character'sCONattribute by3. No morethan one 
hypercharger may be installed, and it may not be installed in 
addition to a supercharger. 

Filter Lungs: Filter lungs implant filters and scrubbers in the 
character's lungs which allow breathing of tainted atmosphere 
without harmful effects. Early versions rely on extensive pre-lung 
filters(most1y nearthe surface, and physicallyreplacing the nose). 
When this version is installed, the users have to blow their "noses" 
frequently while operating in hostile environments to clear the 
filters. 

"Slick" versions use filters and scrubbers actually in the lung. 
The impurities scrubbed from the air are flushed through the 
normal body waste system, but can strain the system severely. 
Characters must have both kidneys intact to use slick filter lungs 
and should drink large quantities of fluids while in a hostile 
environment. 

Gill Implants: Gill implants allow the character to extract 
oxygen from water. Gil implants usually require enlargement of 
the thoracic cavity, and the gills themselves are clearly visible on 
the user's neck. "Slick" versions of the gill implant place the gill 
slits on the sides of the ribcage and reduce the amount of thoracic 
cavity increase by use of a hypercharger. (The hypercharger i s  not 
included in the price of the implant and must be installed 
separately.) 



Electronics: The following items include communicators and 
sensors too bulky to emplace in the skull. 

Radio Communicator: Communicators are generally attached 
to the spine and linked to the speaker and/or microphone in the 
head by means of the spinal cord. The earliest radio communica- 
tors are receivers only and are limited to a single band. Multiband 
receivers soon become available followed by transmitter/receiv- 
ers of varying power._ 

Video Transmitter: Video transmitters are available one tech 
level after audio radio transmitters for twice the price of an audio 
transmitter of the same range. For example, a hardware 30- 
kilometer video transmitter is first available at  tech level 13 and 
costs MCr0.02. Use of this transmitter requires either a recorder 
eye or a camera jacked into the transmitter. 

Neural Activity Sensor (NASI: Neural activity sensors are an 
outgrowth of the same technologythat permitselectronic psionic 
shields. They detect and classify life forms according to the level 
of brain activity, but are extremely short-ranged. NAS requires an 
eyeball display. 

Dermal Alterations: The following options deal with modifi- 
cations to the user's skin. Some of these are all-body modifica- 
tions (meaning they include modifications to the limbs and head 
as well), but they are included here for the sake of simplicity. 

Aquatic Skin: Aquatic skin involves chemical and genetic alter- 
ation of the outer skin to a form resembling that of marine 
mammals (such as dolphins and whales), which allows pro- 
longed immersion in waterwithout need fora protective wet suit. 
Aquatic skin must be kept moist at  all times, however, or it will 
begin to dry and crack, and the userwill begin tosuffersymptoms 
of severe dehydration within two or three days, usually dying 
within a week if access to water is continually denied. 

Vac5kin:Vacskin issynthetically grown skinwhich is permeable 
at  normal pressure differences but becomes non-permeable a t  
pressure differences approaching 1 atmosphere. This allows 
characters to function in vacuum with only a breathing helmet 
and some sort of personal heating/cooling system. 

Subdermal Thoracic Armor: This option surgically layers thin 
synthetic armor protection below the skin surface but over the 
ribcage. It covers the chest only. The hard (as opposed to slick) 
version of this armor is not only more noticeable, but it is also 
heavier. As a result, hardware versions of thoracicarmor lower the 
CON attribute by 1. 

Subderma/Abdomina/Armor:This option surgically layers thin 
synthetic armor protection below the skin surface. Given the 
absence of a rigid bone structure to anchor the armor to, 
abdominal armor is inherently less effective than thoracic 
armor. The hard (as opposed to slick) version of this armor is  not 
only more noticeable, but it isalso heavier. Asa result, hardware 
versions of thoracic armor lower the CON attribute by 1. 

The following table summarizes the important information 
concerning the above cybernetic body implants. 
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BODY IMPLANT OPTIONS 
TL MCr 

0.300 

2 
911 0 Multiband Radio Receiver 0.005 3 

4 

5 

17/18 3000-km Radio Transmitter 0.05 

18/20 500-meter NAS 0.05 

1511 8 Vac Skin 2 4 

10/12 Thoracic Armor AV (1) 0.025 ' '  6 

7 
1411 7 Abdominal Armor AV 0 (2) 0.020 ~ 

. I  

17/20 Abdominal Armor AV 1 0.01 5 

Computer Implants: Beginning a t  tech level 12, it is possible 8 
to have a computer surgically implanted and cybernetically 
linked to the conscious brain centers. The lightest of these 
computers still mass one kilogram and so are too large to implant 9 
in the skull. Instead, the computer consists of a series of a half- 
dozen or more small subcomponents which are fused to indi- 
vidualvertebraeofthespine(on theinnersides)in such awaythat 
they do not interfere with articulation. They are linked to each 1 0 
other and the organic brain by way of the spinal cord. Output 
from the computer can be accessed either by way of an eyeball 
display, an in-ear speaker, or direct machine-brain interface, if the 
user also has a neural jack installed. 11 

Computer implants serve several functions: 
First, some cybernetic systems require a computer implant to 

achieve their full potential. For example, a cyberneticsensor suite 
consisting of an HRT eye and an amplified hearing ear, when 
linked to a computer implant, will allowa character to determine 
the emotional state of the person they are conversing with and 
have a reasonable chance (80%) of determining if they are lying 1 3 
or telling the truth. 

14 
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the character. However, some strains of Virus will cause the 
implanted computer to become self-aware but not necessarily 
homicidal or suicidal, and may just give it a bizarre personality. 
The natureof the infection and itseffectsare up to the referee, but 

Second, and assuming the character hasa neural jack, implant 
computers can substitute for regular computers on a limited 
basis. While they are not powerful enough to carry out all 
functions of a larger computer of the same type, they allow the 
player to conduct specific tasks one a t  a time. For example, a 
character's implant computer cannot replace the general sys- 
tems diagnostic function of a ship's computer (which reduces the 
maintenance requirements of the ship), but it can allow the 
character to calculate jump parameters, or run a master fire 
director, of pilot the ship through the atmosphere for a landing. 

Third, it allows the character to store background and technical 
information for later recall. The character can query the com- 
puteraboutspecificinformation during an adventure and receive 
a reply. Since memory in the computer is not infinite, the referee 
must impose some limits on the information available. Very 
general questions (such as basic questions about physical laws 
and the outline history of the Imperium) will almost always be 
answerable by the computer. Specific questions about local 
history ora scientific specialization will be answered only40% of 
the time. Very specific questions about individuals, recent discov- 
eries, or obscure historical facts (and assuming that the referee 
considers the computer implant to have ever had access to this 
information) will be available only 20% of the time. 

Before an adventure begins, however, characters should be 
allowed to pickone ormoresubjectsandoptimizethecomputer's 
data base around that subject. This doubles the chances the 
question will be answered by the computer (40% becomes 80%, 
20% becomes 40%) but reduces the chance of an off-topic 
question being answered by 10% (40% becomes 30%, 20% 
becomes 10%). 

The number of subjects a character can select is equal to the 
computer model number minus 6. In otherwords, a Model 1 OM 
computer can be optimized for four subjects. If the number of 
subjects chosen for optimization is half or less of the total allowed 
number of subjects, the off-topic penalty is not suffered. 

Virus: If cybernetics are added to an Imperial Space campaign, 
one recurring hazard ofa computer implant is that it may become 
infected with Virus. Only implanted computers of model 1 OM 
and higher are powerful enough to serve as a host for Virus, 
although any computer can be a carrier. 

Since the computer is permanently jacked into the character's 
conscious brain, a viable infection by Virus is potentially fatal to 

assuming that an infected implant computer hassome similarities 1 3 to a robot brain, refereesare directed to the discussion of sentient 
robots on page 98 of the basic game rules for guidance. 
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IMPLANT COMPUTERS 
TL Mod Wt (tonnes) MCr 

13 8M -001 0.4 

15 1 OM .0012 0.6 

17 12M .0016 1.2 

19 14M -001 6 2.4 

21 16M .0012 4.5 

Model "M" computers are micro-computers suitable for im- 
plantation. 

Peripherals (Arms and Legs) 
Peripherals are modifications to the arms and legs, either for 

improved performance or adaptation of limbs to special func- 
tions. 

Upper Limbs: These cybernetic modifications are to the arms 
and hands, mostly the hands. 

Chainsaw Hand: This attachment is a 30-cm chainsaw, useful 
for light construction work and brush clearing and a devastating 
melee weapon. There is no slick version of this attachment. 
Attacks with a chainsaw hand count as armed melee attacks. 

Grapple Hand: This hand can be fired up to 20 meters in any 
direction, connected tothe user'sarm by meansofa length offine 
but extremelystrong cable, capable of holding 200 kg of weight 
safely,400 kg ifattached toa cyberutilityarm).The hand contains 
50 meters of cable (1 00 meters if attached to a utilityarm) which 
can be reeled in or out a t  will. The hand can function as a 
grappling hookwhereverthere isa handhold capable ofsupport- 
ing it, andcan be used todescendaswellasascend.The userdoes 
not have fine manipulative control of the hand while it is 
extendedattheendof thecable, butcan closeand open the hand 
a t  will to grasp or release handholds. 

HandSocket:A hand socketallows the character to usea variety 
of different cyber hands. If a character does not have a hand 
socket, then whatever cyber hand is chosen is permanently 
mounted to the hand. If a hand socket is mounted, then any 
socket hands may be used. 

Any cyber hand option may be purchased as a socket hand by 
increasing the price by 50%. Hand sockets may be installed on 
organic arms; utility arms come with hand sockets already 
installed and are included in the price. 

Hardfist: This is a cybernetic replacement hand with specially 
reinforced bones and heavy knuckles, allowing the character to 
deliver much more powerful blows. Melee strikes delivered with 
a hardfist do double damage. 

Movement of the fingers is somewhat restricted by the modi- 
fications.Tasks performed using the hand which rely on agilityare 
performed with a -1 modification to the character's Agility 
attribute. 



Knuckle Blades: Knuckle blades can be added to a cybernetic 
hand or an organic hand. The telescoping 10-cm blades are 
normally retracted intosheathsin the backofthe hand, butwhen 
the fist is clenched in a particular manner the bladesemerge from 
their sheaths out from over the knuckles. 

Movement of the hand is somewhat restricted by the modifi- 
cations. Tasks performed using the hand which rely on agility are 
performed with a -1 modification to the character's ACL at- 
tribute. 

Pistol Hand: This hand is built around a small automatic pistol. 
Hard (as opposed to slick) versions of the hand do not have 
functioning fingers. Slick versions have working fingers and 
thumb, although the index finger is rigid. 

The actual pistol is designed using the small arms design 
sequence, but with several limitations on the design. Hard 
versions may not have a weight greater than one kilogram 
(including ammunition). Soft versions may not have a weight 
greaterthan 0.4 kilograms (including ammunition), and may not 
have a bore diameter greater than 7.5mm. The design must 
include the weight of a pistol grip, although this component is 
shaped like the hand, not a conventional pistol grip. 

The price listed below for the pistol hand is for the attachment 
equipmentand frame only. The design price of the installed pistol 
is added to this. 

Power Hand: This hand has up to 10 times the normal gripping 
strength, but retains the normal sensitivity of the human hand. 
While this does not allow the character to lift any greater loads, 
it enables him or her to exert crushing pressure on objects and to 
lock the hand in place, thus allowing the character to hang 
suspended for long periods of time without suffering fatigue. 
(The character may even sleep while the hand is locked in place.) 

Protected Cyber Components: Arms and hands completely 
replaced by cybernetic prosthetics are considerably easier to 
armor. in order to use the ratings for protected cybernetic 
components, a character must have a utility arm (see below). 

Subdermal Armor: Given the limited space available, it is ex- 
tremely difficult to add effective subdermal armor to the hand 
and arm. This is reflected in the fairly low protection levels 
available. In addition, hard (as opposed to slick) subdermal armor 
lowers the character's AGL attribute by 1. 

Tentacle Hand: On this hand, the thumb and fingers functions 
normally but can be telescoped to form tentacles up to three 
meters in length. Each tentacle has the strength of a normal 
human hand, and the hand can be used for climbing, grappling, 
reaching through small openings, and hundreds of other uses. 

Movement of the fingers when the tentacles are retracted is 
somewhat restricted by the modifications. Tasks performed using 
the hand which rely on agility are performed with a -1 modifica- 
tion to the character's ACL attribute. When extended, the 
tentacles do not suffer this penalty. 

Torch Hand: This hand is an electric cutting/welding torch 
incorporating an internal battery which contains power enough 
for two minutes of operation. Thirty seconds of use is regained for 
every six hours of recharging. Hard versions of the hand do not 
have movable fingers and cannot be used as conventional hands, 
but slick versions do and can. 

Torque Hand: This hand is capable of rotating a t  high speed in 
either direction on its socket, and the fingers can be locked in 
place to grip small objects securely, making the hand useful as a 
torque wrench. When not used as a torque device, the hand 
functions normally. 

Utility Arm: This is a standard cybernetic replacement for a 
human arm, originally developed as a prosthetic replacement for 
limbs lost due to injuries. It mimics the function of a human arm 
extremelywell, suffering some loss in sensitivity but making up for 
that with greater strength. All tasks performed exclusively or 
primarily with a cybernetic utility arm are done with an attribute 
modification of -1 to AGL and +2 to STR. 

The arm is equipped with a human analog hand, but the hand 
is mounted in a socket and can be removed and replaced with 
other options. The arm also has a small hidden compartment in 
which documents or small objects can be concealed. 

Legs: The following replacements and enhancements for legs 
are available. 

Power Legs: Power legs are complete cybernetic replacement 
legs with power enhancement and shock absorbers. Power legs 
allow the character to conduct tasks as if the character's strength 
was 16, provided the task relies solely on the legs. This usually 
involves lifting objects (provided the character can lock his or her 
backand rely solel yon legs to lift it), orforcing open doors (again 
by bracing the character's backand relying solely on leg power). 
Powerlegsalsoallowthe characterto leap four metersstraight up 
in 1 G (and proportionately more or less in different gravity fields) 
and jump down twice that distance without injury. 

Characters with hard power legs may not run; then may only 
trot. Characters with slick power legs may run normally. 

Speed Legs: Speed legs increase the character's running speed 
from 30 meters per turn to 50 meters per turn. 

Dynalegs: Dynalegs combine the effects of power legs with 
those of speed legs. Hard (as opposed to slick) versions do not 
have the prohibition on running that normally accompanies hard 
power legs. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
5ubdemal (SO) Armor: Given the limited space available, it is 

extremely difficult to add effective subdermal armor to the leg. 
This is reflected in the fairly low protection levels available. 

Protected Cyber Component (PCC) Armor: Legs completely re- 
placed by cybernetic prosthetics are considerably easier to armor. 
In order to use the ratingsfor protected cybernetic components, 1 3 
a character must have either power or speed legs. 
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The following table summarizes the important information con- 
cerning the above cybernetic peripherals. 

1 PERIPHERAL OPTIONS 

2 
101- Chainsaw Hand 0.002 

0.08 
3 

SD Arm Armor AV 

SD Lea Armor AV 1 0.01 

8 

9 

10 

11 

1711 9 PCC Leg Armor AV 2 0.002 

Melee Effects 
Several peripheral attachments have meleeeffects, some counting 

as armed and some as unarmed attacks. Hit Mods are added to 
character's asset. 

UNARMED MELEE A ~ A C K S  
Attack Hit Mod DV 

ARMED MELEE ATTACKS 
Range HitMod DV 

Torch Hand Short - 3D6 

Therapy 
Therapy consists of organic modification of the character's body, 1 3 either through drugs, genetic manipulation, or surgical procedures. 
Muscle Implants: This technique involves taking a muscle tissue 

sample from the character, cloning it, then grafting these new 
muscles into the existing tendon/ligament system of the character. 14 Thetechniquewillincreaseacharactefs STRattribute byupto6, butfor 
every point of strength gained the character will temporarily lose 1 D6 
poinb from the ACL attribute until the Character is used to working with 
the additional muscle mass. Characters regain lost ACL attribute points 
by expending experience points, just as if improving a skill rating. 

Installing muscle implants is time-consuming, demanding one 
month of physical inactivity from the patient. It is also expensive, 
costing Crl2,OOO per point of Strength gained. Available at  TL 1 O+. 

Tesseron Beta: This is a drug that stimulates the endocrine system, 
causing increased production of strength-producing hormones. It is 
administered in a weekiydoseand must betaken continually to keep up 
its effect. When acharacterfirsttakesT-Beta, thereis noimmediateeffect 

With thesecond dose(thesecond weekof thetherapy), thecharacter 
must make a Difficult test against CON to avoid violent muscle contrac- 
tions. Hthetestfails,thecharactersuffers 1 hittoeach bodypartand must 
discontinue the therapy. If the test is successful, the character may 
continue the therapy without further risk of mishap. 

With the third dose (the third week of therapy), thecharacter will 
gain from 1 to 3 points of STR (1 D6+2, rounding fractions up). This 
added Strength level will remain in effect so long as the T-Beta 
treatment is continued. Once it is terminated, the STR attribute 
declines by 1 point per week until it reaches its original pre-therapy 
level. At the same time, T-Beta withdrawal will also cause an ACL 
declineof 1 pointperweek,due to muscletwitches, untilSTRreaches 
itsoriginal level.Afterthat,ACLwiII increase by 1 point perweekuntil 
it reaches its original level. 

T-Beta prices vary. Typical costs are 1 D6xCr50. Available atTL 9+. 
Neural 5heathing:This technique utilizes viruses which have been 

engineered to manufacture and deposit certain organic chemicals 
around the nerve fibers of a character. The plastic-like sheath 
decreases the electrical resistance of the nerves and various outside 
electrochemical interferences to neural communication. To perform 
the process, a doctor takes samples of blood, nerve tissue, and spinal 
fluid from the patient and determines what support chemicals are 
required for the virus to perform properly. The process must be 
monitored for one full month, with a medical appointment every 
three days to update the support solution. 

The doctor must make a successful Average task roll using 
Diagnosisasan assetforthe procedure tosucceed. If thetask roll fails, 
the procedure is not successful, but may be attempted again later. 
If the task roll is a Catastrophic Failure, the process cannot be retried 
and thecharacter permanently loses 1 point from the ACLattribute 
due to induced nerve hypersensitivity. 

If the procedure is successful, the character's ACL attribute is 
increased by from 1 to 3 points (1 D6+2, rounded up). The price of 
the treatment is Cr30,OOO. Available a t  TL 1 1 +. 

Vassopressin-Y: This drug allows the human brain to modify its 
electrical pathways, which will make it easierfor a character to learn 
new things and recall things already learned. Due to its addictive 
effect, this drug is usually used by people who are beginning major 
projects (preparation for a special mission, for example) and can quit 
afterthe project'scompletion.Thedrug must betaken indailydoses 
for two full weeks for any effect to occur, at  which time the 
character's INT attribute is increased by 1 D6 points. 

If the character remains on the drug for a month or less, there are 
no sideeffects. Forevery month thereafter thatthecharacter remains 
on thedrug, thecharacter's Willpower skill is reduced by 1 (regained 
at a rate of 1 point per week after Vassopressin-Y is no longer taken). 
Characters whose Willpower is reduced to 0 (or who suffer a 
Willpower reduction when they have no Willpower skill to begin 
with) slip into a catatonic state for 1 D6 weeks and then recover. 

In order to voluntarily terminateVassopressin-Y therapy, a charac- 
ter must make a successful roll for an Average task using Willpower 
as an asset.This roll is madeonce per day a t  the time the normal dose 
would be taken. A character must be successful on each of seven 
consecutive days for the addiction to be broken. 

The priceforadailydoseof thedrug on anygiven world is  Cr3D6. 
Available at TL 12+. 



CHAPTER 13 
Teleportation 

Matter transporters make use of the same principles of 
tunneling that are used in most FTLdrives, but do soon a micro 
instead of macro level. Most teleporters are short range (less 
than 10,000 kilometers) and handle comparatively small 
masses (tonnes, as opposed to hundreds of tonnes). 

Teleporters require only a transmitter, not a transmitter and 
receiver, the main facilityserving both functions. That is, it can 
teleport objects from its own location to a distant target or it 
can teleport objects from a distant target to its own location. 
Although only the one teleporter is required, one endpoint of 
the operation must be the machine itself. 

Objects being teleported have vectors which must be dealt 
with during the teleportation process. For example, an object 
in space has its vector of travel which will probably be quite 
different from that of the teletransmitter it is being teleported 
into. Even "stationary" objects on a world's surface have 
vectors: a vector toward the center of the world due to gravity 
(also called "potential energy), and a lateral vector tangential 
to the world's surface caused by planetary rotation. Both of 
these vectors will vary with altitude. 

In order for objects arriving at  the teleported destination to 
not go crashing through a wall or floor, their vectors must be 
adjusted to match those of their destinations (although this 
need not be done if this is the effect that the teleporteroperator 
isseeking). Theenergyrequired todothis(orthe excessenergy 
released in doing this) is subsumed into the boost energy 
calculated below. The homopolar generators which form part 
of the teleporter also serve as sinks or reservoirs for the energy 
consumed or released by this vector adjustment. 

In order to "teleport in" an object (i.e., pick it out of space 
and bring it to the teleporter), the teleporter must be hooked 
into a system (such as a starship or ground installation) which 
has a target lock on the object to be teleported. At the long 
rangesavailable a t  TL 19 and 20, this target lock will usually be 
obtained by another sensor closer to the target which is 
"handed off" to the teleporter, usually via tight-link commu- 
nicators. In some cases, a "teleporter booth" is constructed 
which is simply a passive sensor which locks onto the booth's 
contents and hands off that lock to the teleporter some 
distance away, which then plucks out those contents. 
As a practical limit, without FTLcommunicators (see Section 

5), TL21 teleporters can only be used to "teleport out" objects 
at  their maximum range, as it would require faster-than-light 
communications to receive the target lock hand off necessary 
to teleport in an object from a parsec away. There is one 
exception to this, which is a pre-arranged pick-up from a site 
carefully surveyed in advance and fed into the teleporter's 
controls. This of course requires that the teleporter have 
absolutelyperfectdata on all ofthevariablesofthis pick-upsite, 
such as a world's orbital and rotational data, diameter, topol- 
ogy, etc., in the case of a site on a planetary surface. 

All teleporters must also be hooked into a full-size computer 

Teleporter performance is defined by several critical charac- 1 
Range: The maximum range of the teleporter in kilometers 

Volume: The cubic meters of teleporter machinery required 2 

(model S t  or Fb) of the same tech level. 

te  ris ti cs. 

at that tech level. 

per metric tonne of capacity. In other words, if a designer 
wishes to build a teleporter of seven metric tonnes capacity 
and a t  that tech level the volume requirement is four, the 
teleporter would require 28 cubic meters of machinery. 

Boost Energy: This is the amount of energy required per 
tonne/kilometer to teleport an object. To determine the total 
energy required, multiply the mass (in tonnes) of the object to 
be teleported by the distance (in kilometers) it is to be 
teleported by the boost energy value. 

HPCs: In addition to teleporter machinery, a teleportermust 
have homopolar generators installed, and the peak power of 5 
the homopolar generators is the upper limit on teleporter 
performance. For example, even if a teleporter is built with 
sufficient capacity to teleport20 tonnes of mass and is of a tech 
level capable of teleporting it 1,000,000 kilometers, if the 6 
homopolar generators are not large enough to provide the 
necessary boost energy then it cannot achieve that level of 
performance. 

The homopolar generators also serve as potential energy 
reservoirs and sinks for vector adjustment. 
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TELEPORTERS Q 
0 TL Range Vol Boost 

9 w 
21 1 Parsec 2 0.001 

TL Tech level of availability. 
Range: Maximum range of teleporters at this tech level. 200 1 0 

AUsisapproximately2.5 billion kilometers. 1 parsecis approxi- 
mately 2.5 trillion kilometers. 

Vol: Volume of teleporter machinery, in cubic meters, per 
metric tonne of transfer capacity. 

Boost: The energy, in millions of joules (MI), required per 
kilometerhonne to teleport an object. 

Mass: The mass of the teleporter, in metric tonnes, is  equal 
to the volume of its machinew in cubic meters. 

11 

12 
Price: The price of the teleporter, in millions of credits, is 

equal to thevolume of its machineryin cubic meters multiplied 
by 200. 

14 



CHAPTER 14 
Fire Control 1 Fire control equipment is designed to assistweapons in hitting 
a target A wide variety of fire control equipment is available to 
coverthe range of weapons included in the game. In general, fire 2 control equipment is used for heavy and vehicle-mounted weap- 
ons. The equivalents of fire control equipmentfor small arms are l h  tvnantir 0.02 1 6 

7 
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called sigh& and are included in the actual design sequences for 18 Fluidic 0.02 2 
the weapons. ' DIRECT FlRE CONTROL 

Direct fire control is used by projectile weapons (CPR guns and 
electromagnetic mass drivers) and highsnergyweapons (plasma 4 and fusion guns). Both fire an amount of high-speed matter-on 
the one hand a slug of metal, on the other a slug of plasma-at 
their targets. Since either way the projectile is unguided, the 
actual target solution obtained before firing is the critical element 

Two types of fire control equipment are available to help make 
this target solution. The first type is called sights and rangefinders, 
since most primitiw sights either have some form of rangefinder on 6 them or are calibrated for different ranges. All direct fire projectile 
weapons must have a sighthngefinder. 

The second type is a ballistic computer. Thii dev i i  allows the 
gunnerto incorporate comdionsfortargetm~ment, atmospheric 7 conditions, tilt of the firing weapon, and 50 forth, thus negating 
diculty modiirs to the to-hit task. Ballistic computers ate optional, 
but are usually added to larger weapons. 

Point Defense: Balliitic computers may also be d i  to serve 8 as pointdefense computers. Pointdefense computers are used to 
enableaweapon system toshoot down incoming bombsandartillery 
projectiles. A ballbtic computer may be modified as a point-defense 
ballistic computer by doubling its mass, volume, and price. 

Point-defense computers function the same as an unmodified 
computer of that tech level except when firing a t  ballistic 
projectiles. Ballistic projectiles are those which are not maneuver- 
ing and are following a fixed trajectory (such as an artillery round, 'Io a bomb, or an unguided missile or rocket). When a weapon 
equipped with a point-defense computer fires a t  ballistic projec- 
tile, the projectile's speed modifier is halved (rounding fractions 

5 in successfully hitting the target 

9 

11 down). 
1. SIGHTS AND RANGEFINDERS 

.I- IL 

7 LaserRF 0.8 .04 .005 
I 3  
1 3  10 EMSRF 3 .08 .02 

TL: Tech level of first availability. 
Range: Upper limit on short range in kilometers. 
Mass: Mass in tonnes. 
MCr: Price in millions of credits. 
Vol: Volume in cubic meters is equal to mass in tonnes. 

TL: Tech level of first availability 
Mass: Mass in metric tonnes 
MCr: Price in millions of credits 
Diff Mod: Number of increases in difficulty ignored. 
Note: Ballistic computers maybe purchased from one tech level 

higher than level of manufacture of the weapon by multiplying 
price, weight, and volume by 10. 

1NDlRECT FlRE CONTROL 
Indirect fire control consists of oncarriage sights and off- 

carriage fire-direction centers. 
Indirect fire may be conducted by projectile weapons (CPR 

guns and electromagnetic mass drivers) and meson guns. While 
projectile weapons loft their rounds over obstructions to hit their 
targets, meson guns simply fire through obstructions to hit 
unseen enemies. 

In order to conduct indirect fire, a weapon must have an on- 
carriage indirect fire sight, which in its simplest form amounts to 
precise calibration of elevation and traverse enabling the gunner 
to make exact corrections. More advanced forms allow more 
precise corrections or access to computerized fire control assis- 
tance. This is reflected in the fact that the tech level of the installed 
fire control equipment is the upper limit on the tech level of fire 
direction center (FDC) that may be used by that weapon. 

Indirect fire sights on mortars have half the weight and cost of 
those for CPR guns. 

Fire direction centers coordinate the fire of several guns at a 
single target, convert correction requests from forward observers 
into precise elevation and traverse commands, and calculate the 
effects of a wide variety of factors on gun accuracy (such as 
atmospherics, different elevations between the firing guns and 
thetarget,andsoon).Whilefiredirection centersare notrequired 
to conduct indirect fire, they increase the effectiveness of that fire 
drama tically. 

For fire conducted through a fire direction center, the task roll 
to hit the target is a Difficult (instead of Formidable) task. 

Fire direction centers substitute the appropriate weapon skill/ 
asset of the main operator (usually the most skilled gunner in the 
FDC) for the weapons skills of the gunners of all the weapons 
controlled by the FDC (called "the battery"). All weapons in the 
battery must have a communication link to the FDC. 

FDCs have a correction delay time (in combat tums) and an 
effective indirect fire range (in kilometers). The more sophisti- 
cated the FDC, theshorterthecorrection delay and the longerthe 
effective range. Indirect fire a t  ranges beyond the effective range 
of the FDC is allowed, but the task roll to hit to hit is Formidable 
instead of Difficult. 



INDIRECT FIRE SIGHTS 
TL Mass MCr 
4 05 0.004 
5 .os 0.006 
6 .075 0.008 
7 .1 0.01 
8 .2 0.02 
9 .2 0.1 
10 .2 0.15 
11-13 .2 0.2 

16-1 7 .1 0.3 
18-20 .05 0.35 
21+ .os 0.4 

Mass: Mass of sights in tonnes 
MCr: Price of sights in millions of credits 

FIRE DIRECTION CENTERS 
TL Delav Km MCr 
4 10 10 0.1 
5 6 20 0.2 
6 5 25 0.3 
7 A 7n n A  ... . 
8 3 35 0.5 
9 2 40 0.75 
10 1 50 1 
11-13 0 60 1.5 
14-15 0 80 3 
16-1 7 0 100 5 
18-20 0 150 8 
21 + 0 300 10 

Weapon Stabilization 
As a vehicle moves, the weapons mounted on it move as well, 

and since the ground overwhich the vehicle travels is uneven, the 
movement of the weaponswill be almostas uneven (thevehicle's 
suspension compensates for this somewhat). That makes it 
almost impossible to aim and fire a weapon while the vehicle is 
moving. 

The answer is stabilization. A stabilized weapon has its power 
traverse and elevation linked to a gyrostabilizer which automati- 
cally adjusts the position of the weapon to match the movement 
of the vehicle, allowing aimed fire on the move. As stabilization 
becomes more effective, vehicles are able to aim and fire their 
weapons at higher speeds. The three types of stabilization are 
shown in the Stabilization table. 

Stabilization gear stabilizes all weapons in a single mount. The 
Stabilization table expresses the mass of the gearas a percentage 
of the weight of the weapon being stabilized. The mass of the 
weapon includesthe mass of its fire control/sights, its mechanical 
loading assistance, and its ammunition if it is a magazine-fed 
automatic weapon or autocannon. If it has an autoloader, half of 
the mass of the autoloader is included in the mass of the weapon, 
but not the ammunition mass. The gear is located on the mount; 
however, the stabilization gear for an open mount is located in 
the chassis. The minimum weight is that for 1 tonne of weapon, 
even if the weapon's weight is much less than a tonne. 

STABILIZATION 
TL Type Mass MCr Fire if Move 

7 Good 

TL: Tech level of first availability. 
Mass: The mass, in tonnes, of the stabilization gear is equal to 

the mass, in tonnes, of the stabilized weapon times the listed 
decimal. 

MCr: Price, in millions of credits, of the stabilization gear. 
Fire if Move: The limit to vehicle movement while firing with 

that stabilization gear. Safe speed is safe road or safe off-road 
speed, whichever mode the vehicle is in. 

Vol: The volume of the stabilization gear in cubic meters is 
equal to its mass in tonnes. 

Beam Pointers 
All heavy (non-small arms) lasers, particle accelerators, and 

meson guns require beam pointers, which represent the integral 
fire control capabilities installed on the mount. Beam pointers 
may only be used on these classes of weapons. 

Select a beam pointer from the table on the following page 
based on the weapon's tech level and the range performance 
desired. Note that range is given in kilometers and 30,000-km 
hexeslrange bands for space combat. The listed range in km/ 
hexes of the selected beam pointer will be the weapon's short 
range for purposes of combat. 

Special Note on Planetary Combat Weapons equipped with 
beam pointers receive the Diff Mod benefits of a ballistic com- 
puter of the same tech level (see facing page) when they use 
direct fire in planetary (ground) combat. This is because these 
weapons are effectively ballistically perfect and arrive virtually 
instantaneously at  their targets at  planetary ranges. 

This is for planetary combat onlL; beam pointers allow no Diff 
Mods to be negated in space combat, only master fire directors 
(MFDs, see next page) may do this. 

Any beam pointer-equipped weapon linked to an MFD which 
conducts direct fire under MFD control in planetary combat 
receives the benefits of a point defense computer (see facing 
page) of the same tech level (beam pointer or MFD, whichever 
is lower). 
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When a weapon has its performance adjusted for atmosphere, 
remember that its atmosphere-adjusted ranges are for purposes 
of damage calculation only. Its short range (and medium, long, 
and extreme ranges which are derived from it) based on installed 
beam pointer are still used for resolving hits. 

Range below is given in km and in space combat hexes/range 
bands. 

BEAM POINTERS 

Range 
(inkrn/hexes) 8 9 10 I.? 14 75 17 19 

Volume in mP at Tech Level 

0.2 0.1 0.08 0.06 0.04 0.02 0.01 0.006 

6 
210,000/7 21 10.5 8 7 4.2 2.1 1.0 0.5 

7 

8 

9 

10 

11 

Weapon cannot be used in space combat, even in same hex. 
**Use extreme range (base difficulty of Impossible) for task 

difficulty in same hex; task is not possible outside of same hex. 
?Use long range (base difficulty of Formidable) for task diffi- 

culty in same hex; task is not possible outside of same hex. 
Volume: The volume of the beam pointer in cubic meters. 
Mass: The mass of the beam pointer, in tonnes, is equal to its 

Price: The price, in millions of credits, is equal to the volume in 
volume in cubic meters. 

cubic meters multiplied by 0.1. 

Master Fire Directors 
Spacecraft may be equipped with master fire directors (MFDs) 

which enhance the performance of installed weapons. While 
many small ships with only one or two turrets rely on local turret 
control and do not contain MFDs, warships will want several 
directors. Each MFD must be provided with a pencil-beam active 1 2 sensor of its own, with a short range equal to’the listed range of 
the fire director. The values for-this sensor must be chosen from 
the Radar table (for TL 8-9 fire directors) or Active EMS table (for 
TL lo+) in the Electronics chapter (Section 5), except that the 1 3 power requirement and antenna size listed are multiplied by0.l 
and the cost is multiplied by 0.5. Volume and mass figures are 
unchanged. These numbers are added to those of the MFD, as 
they constitute one piece of equipment. The sensor is not used 

normal functioning of the MFD. 
separately under any circumstances, but is necessary for the 

If an MFD is to have the capability to control missiles, it must 
have a laser or maser communicator from the same tech level 
installed with it as well. Like the pencil-beam sensor above, it is 
considered part of the MFD and may not be used for any other 
purpose, but its full cost, power, and antenna size are used. This 
communicator should be the same type as installed on the 
missiles that will be used with the MFD, as the short(automatic 
contact) range will be limited to that of the MFD or the missile, 
whichever is shorter. The number of missiles that can be 
simultaneously controlled by an MFD is equal to the ”Diff Mod” 
listing. When the missile detonates and fires, the missile can 
only use the MFD’s ability to ignore Diff Mods if it is within the 
MFD’s extreme range (8 times the short range shown on the 
table). Designers should choose the range of their missile 
control MFDs accordingly. 

Note that the task-range performance of weapons that are 
being fired by an MFD is limited to the range of the MFD if that 
is shorter than that of the weapon. Therefore, players should take 
care to install MFDs whose range Performance matches that of 
the installed weapons. Avehicleequipped with an MFD mustalso 
be equipped with a S t  or Fb model computer of equal or higher 
tech level (see Section 4). MFD crew are not handled a t  this step. 
MFD crew are allocated workstations on the bridge orflight deck 
and are handled in that portion of Major Systems. 

MASTER FIRE DIRECTORS 
Volume at Tech Level 

Range 8 9 10 12 14 15 17 19 

3 0.4 0.2 0.16 0.12 0.08 0.04 0.02 0.01 

300 1.6 0.8 0.6 0.48 0.3 0.16 0.08 0.04 
3000 ‘ 3 1.6 1.2 1 0.6 0.3 0.15 0.075 

3 2.4 2 1.2 0.6 0.3 0.15 

DiffMod 1 2 3 4 5 6 7 8 

Range: Short range in kilometers/space combat hexes. 
Diff Mod: The number of cumulative adverse difficulty modi- 

fiers to hit the fire director ignores, also the number of missiles it 
may control a t  one time. 

Mass: Mass in tonnes equals volume x 1. 
MCr: Price in millions of credits equals volume x 1. 
Mw: Power requirement, in megawatts, equals volume x 0.01. 
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CHAPTER 1 
Small Arms Design 

This design sequence is aimed at designing "modern" firearms, by which we mean firearms using a fixed cartridge 
consisting of a bullet (or bullets), propellant, and primer. The abilityto manufacture this type of ammunition appears 
at middle tech level 3, with the near-simultaneous development of advanced metal-working technology (for 
cartridge cases) and more stable and reliable primers, and becomes widely available a t  tech level 4. 

Asclassicfirearmsaredefined almostas much by their ammunition as bytheir own construction, small armsdesign 
consists of two parts: ammunition design and weapon design. 3 

4PART 1: AMMUNlTlVN DESlGN 
Ammunition is defined by four characteristics: the tech level, the 

diameter of the bullet in millimeters (also referred to as caliber), the 
length of the cartridge case in millimeters, and the type of cartridge 5 case (straight, necked, or shotgun). In some cases, the type of 
cartridge case is further defined as ETC (Electrothermal Chemical) 
indicating that it is fired from a specially designed ETC gun with an 
electric pulse which both enhances the power of the propellant and 6 smooths out its energy curve to increase its efficiency. Ammunition 
forgauss weaponsis handled in thegauss weapon design sequence. 

Tech Level: Modem ammunition (propellant and bullet carried in 
a metallic cartridge case and fired by means of a primer in the base 
of the cartridge case) becomes available at mid tech level 3 and 7 becomes universally used at  tech level 4. Electrothermal-chemical 
(ETC, see page 137) cartridges are widely available at tech level 9, 
and all non-ETC cartridges are by then caseless. By tech level 12, 
conventional small arms have mostly been supplanted by gauss and 

Bullet:The diameter of the bullet in millimeters is called its caliber, 
and weapons are commonly referred to by their caliber, such as 
9mm. Although standard weapons listed in the game are usually in 9 increments of 0.5 millimeters (such as 5.5mm,7.5mm, etc.), weap- 
ons may be designed in any caliber desired, such as 11.43rnm or 
4.71mm. Small arms may be made in any caliber up 20mm. 
(Weapons of 20rnm and above are usually considered to be cannons.) 

Iftheroundistobeashotgunshell, itshould bespecified atthis point, 
asshould the numberof bulletsin theshell.The numberof bullets in the 
round must either be one (a single large slug) or any multiple of four. 

Cartridge Case Length: The longer the cartridge case, the more 1 1 propellant contained in it and the more powerful the ammunition. 
Ammunition is often referred to by two numbers, the caliber 
followed bythecartridgecase length, which helps distinguish itfrom 
other ammunition of the came caliber. Sometimes the ammunition 1 2 will also have a common name under which it is sold to the public. 
For example, 7.62x25mm pistol ammunition is today commonly 
called 7.62 Tokarev, since it is usually fired from a Tokarev pistol, 
while 7.6261 mm rifle ammunition iscomrnonlycalled 7.62 NATO, 1 3 since it is the standard large-caliber NATO rifle cartridge. in the case 
of shotgun shells, the length includes thecontainer for the bullets as 
well, and 50 12gauge shotgun shells (the most common current 
shotgun round) is also called 18.5x70mm round. 

Cartridge Case Type: For our purposes there are three general 
types of cartridges: straight, necked, and shotgun. 

Straight cartridges have a cartridge case approximately the same 
diameter as the bullet along its entire length, while necked cartridge 
cases are larger in diameter than the bullet and then "neck down" 

8 directed energy weapons. 
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at the end to fit the bullet. Necked cartridge cases are considerably 
more powerful than straight cases and are usually fired from rifles, 
while straight cartridges are usually fired from pistols and sub- 
machineguns. Necked cartridges carry a longer, heavier bullet than 
do straight cartridges, and the cartridge case must be at least 35mm 
long in order to be necked. meredoexistsomeshortpistol roundsthat 
are slig htly necked, but these are included under straig ht rounds because 
their performance is not sufkiently different from straight rounds to 
jus9 a distinction.) Shotgun cases are straight cases with fairly light 
powder charges and either multiple small bullets or a single large slug. 

Necked cartridges are not available until tech level 4. Because all 
non-ETC cartridges at TL 9+ are caseless, it i s  the cartridge dimen- 
sions which are specified here, and not the case. 

Note: In the sequences below, unless otherwise instructed, round 
all results to the nearest whole number. 

Ammunition Evaluation 

length, weight, magazine weight, and average muzzle energy. 

ing formulae: 

Once the ammunition round has been designed, determine its 

Length: The ammunition length is determined using the follow- 

Lasg = LCC 
Las = Lcc + d 
Lan = LCC + 2d 

Lasg: Length (in millimeters) of shotgun ammunition. 
Lax Length (in millimeters) of ammunition with a straight car- 

Lan: Length (in millimeters) of ammunition with a necked car- 

Lcc Length (in millimeters) of the cartridge case. 
d: Diameter (in millimeters) of the bullet. 

tridge case. 

tridge case. 



Weight: The ammunition weight is determined using the follow- 

Wa = AwcLcc IE P 
ing formula: 

c Radius (in millimeters) of the bullet (half the diameter). 
A: 3.1 41 6 
Wa: Weight (in grams) of a complete round of ammunition. 
fcc Length (in millimeters) of the cartridge case. 
Awm: Ammunition weight multiplier, which depends on whether 

theammunition isaconventional round orashotgunshell, asshown 
below. 

Ammo Type Awm 

Average Muzzle Energy: The average muzzle energy of conven- 
tional and ETC ammunition is determined using the following 
formula. (The actual muzzle energy will be affected by the design of 
the weapon itself.) 

Ea = TmCmLcc A P 
Ea: Average muzzle energy (in joules) of a cartridge. 
Lcc: Length (in millimeters) of the cartridge case. 
c Radius (in millimeters) of the bullet (half the diameter). 
z: 3.1416 
Tm: Tech level modifier, as shown on the table below 

Tf Tm 

Cm: Cartridge modifier, as shown on the following table: 

Cartridge 
TWX Cm ,. ; 0.2 
Shotgun ETC 0.3 
Straight 0.4 

Necked ETC 3.2 

Price:The priceof the ammunition is determined bythe following 

Cr = WTm 
formula: 

Cc Price in credits 
W: Weiaht of the round in arams. a a 

Tm: Type multiplier, as determined below: 

Special Ammunition 
The above design sequence deals with solid slug ammunition 

(usually called "ball" ammunition). A variety of special small arms 
ammunition is available as well. 

HE HE, or high-explosive, ammunition (also variously called 
shredder or explodei) is hollow and contains an explosive filler that 
detonates on impact. 

HE rounds are not available before TL 6. Price for HE rounds is 
multiplied by 2. 

DS DS, or discarding sabot, ammunition (also called SLAP, for 
saboted, light armor-piercing) is a high-velocity bullet designed to 
penetrate armor. 

DS small arms rounds are not available before tech level 8. Price for 
DS rounds is multiplied by 2. 

HEAP HEAP, or high-explosive armor-piercing, bullets are hollow, 
as with HE bullets, but have small shaped charges for penetrating 
armor. 

HEAPsmall arms rounds are not available before tech level 9. Price 
for HEAP rounds is multiplied by 3. 

Tranq: Tranq rounds are nonlethal means of subduing adversar- 
ies. 

Tranq small arms rounds are not available before tech level 6. Price 
for Tranq rounds is multiplied by 2. 
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PART 11: WEAPON DESlGN 

1. Barrel 
The barrel of a firearm carries the bullet after the cartridge is  fired. 

The barrel is usually rifled, and so imparts a spin on the bullet, giving 
it stability (and thus accuracy) in flight. (Shotguns, intended forvery 8 
short ranges, fire their bullets through a smooth bore.) In addition, 
the barrel provides a gas-tight constricted space within which the 
expanding gas of the exploded propellant can act on the bullet, 
accelerating it Once the bullet leaves the muzzle of the barrel, 9 
however, it begins decelerating. In general, the longer the barrel the 
higher the muulevelocity, up to the point where the bullet reaches 
its greatest possible velocity. 

length fortheammunition being used bytheweapon. Thefollowing 
formula is used: 

Average Barrel Length: First, determine the average barrel 10 

Bla = (Ewd2)Rm 
Bla: Average barrel length (in centimeters)-the length of the 

barrel which allows the ammunition to achieve its average muzzle 
energy. 

11 

12 
fa:  Average muzzle energy (in joules) of the ammunition. 
d: Diameter (in millimeters) of the bullet. 
Rm: Rifling multiplier, as shown below: 

Type Rm 

13 

14 
Note: Regardless of the results of the above calculations, average 

High-powered (Ea = lO,OOO+) 0.05 barrel length is  never less than 1 Ocm. 

93 



Actual Barrel Length: The actual barrel length can be any length 
desired down to a minimum of 20%of the average barrel length and 

Type of Barrel: Two types of barrels are possible: heavy barrels and 
light barrels. Heavy barrels are required for machineguns or other 
weapons intended to be used a t  a high sustained rate of fire, any 2 weapon intended to mount a bipod, and any weapon with firing a 
cartridge with an average muzzle energy greater than 5000 joules. 
Light barrels may be used for all otherweapons, including shotguns. 

Barrel Welght: The weight of the barrel is determined using the 

Wbl = .OZLb 
Wbh = .03Lb 

1 up to a maximum of 230% of the average barrel length. 

3 following formulae. 

Wbl: Weight (in kilograms) of a light barrel. 
Wbh: Weight (in kilograms) of a heavy barrel. 
Lb: Length (in centimeters) of the barrel. 
Barrel Price: The price of the barrel is determined using the 

Cr = WbBtm 

4 
following formula: 

5 Cc Price of the barrel in credits. 
Wb: Weight of the barrel in kilograms 
6tm: Barrel type multiplier, as determined by the following table: 

7 Actual Muzzle Energy Once the barrel length is decided on, the 
weapon’s actual muzzle energy can be determined using the 
following formula. 

E = Ea{l + (O.S[Blp-1])} 
8 E: Actual muzzle energy (in joules) of the weapon 

Ea: Average muzzle energy (in joules) of the ammunition 
Blp: Actual barrel length (cm) divided by Average barrel length 

61: Actual length (in centimeters) of the barrel of the weapon. 
Bla: Average barrel length (in centimeters) for the ammunition 

If a multiple-bullet round is fired from the weapon, divide the 1 0 actual muzzle energy of the round by the number of bullets in the 

(cm): BI+Bla. 
9 

used. 

round to determine the energy of each bullet. 
If the round fired is Tranq, multiply the muzzle energy by 0.6. 
Damage: Once muzzle energy i s  known, it is possible to calculate 1 1 damage and using the following formula. 

D = (*)+15 
D: Damage value (if D = less than-0.8, damage is 106-1) 
E: Muzzle energy (in joules) 
With a multiple bullet round damage is cakulated sepamtelyfor each 

bullet. The result is the medium range damage of each bullet The short 
range damage ofthe entire roundis determined by the following formula: 

’I 
Dr = .75NDb 

Dc Damage value of the round. 
Db: Damage value of a single bullet. 
N: Number of bullets in the round. 
Note that damage for shotgun shells loaded with a single slug is  

calculated in the same way as any other single bullet round. 1 4 HE and HEAP bullets cause additional damage from the explosion of 
the round. The explosive energy is determined by adding the diameter 
of the bullet (in millimeten) to the tech level of the bullet and subtracting 
7, then cubing the resulting number. The result is the explosive energy 

3 

of the bullet When calculating damage, the value for E in the formula 
becomes the sum of muzzle energy and explosive energy. 

AllTranq rounds haveadamagevalueof-1*(1 D6-1 damage points) 
where the ”*” refers to their tranq effects as determined by the rules for 
Tranq rounds found on page 350 of the basic Traveller rules. 

Penetratlon: It is also possible to determine penetration once 
muzzle energy is known by consulting the following table. 

E Pen 

601 -2000 1 -Nil 

3001 -5000 2-3-Nil 
5001 -1 0,000 2-4-6 
10,001 -20,000 2-3-4 

50,001 + 2-2-2 

Shotguns are an exceptions to this, as their bullets tend to be 
heavier but slower-moving. All shotgun bullets (both slugs and 
multiple-projectile bullets) have a penetration of 3-4-5. 

(Note that the very high short-range damage of multiple-bullet 
shotgun shells is caused by multiple-bullet hits, each with a lower 
damagevalue. In mostcases the penetration of multiple bulletsfrom 
a shotgun will be Nil, but see the more complete explanation of 
penetration notation later for possible special cases.) 

For DS ammunition, subtract 1 from each penetration numberof 
the penetration value of the weapon. For example, a penetration of 
2-4-6would become1-3-5.lfoneofthevaluesisalready1,itremains 
1. If one of the values is Nil, it becomes 1 higher than the previous 
value and Nil is added after it. For example, a penetration of 1 -Nil 
would become 1 -2-Nil. Ammunition with a listed penetration of Nil 
becomes 1 -Nil instead. 

Fore HEAP ammunition, penetration is always 2-2-2. 
For HE and Tranq ammunition, penetration is always Nil. 
For multiple bullet rounds, calculate the penetration of each bullet 

separately. If this results in a penetration other than nil (which will be 
extremelyrare), itwill benecessaryto recalculatethedamageof each 
bullet at  short range, as each bullet loses energy passing through 
armor. Assume that the target i s  hit by 75% (rounding fractions to 
the nearest whole number) of the bullets contained in the round. 

2. Receiver 
The receiver is the mechanical heart of a firearm. It ”receives” the 

cartridge from the magazine, places it in the chamber, holds it in 
place with the bolt, and fires it with the firing pin. Some receivers, 
such as in bolt-action rifles, aremanuallyoperated,whileothers,such 
as in automatic and semiautomatic weapons, are operated by gas 
from the fired round or direct recoil energy. 

Weapons which fire ammunition with high muzzle energyrequire 
heavier and longer receivers, as do weapons intended for high 
sustained rates of fire. Sometimes weapons are given heavier receivers 
simply to absorb additional recoil, and thus allow more accurate fire. 

Receiver Type: There are a number of different types of receivers 
which define the method of operation of the weapon. All receivers 
are divided into two general categories: heavy and light. 

In thecaseof self-loading receivers (automaticand semiautomatic 
weapons), both light and heavy receivers are available. Weapons 
intended to operate primarilyor exclusively on the automaticsetting 
(machineguns) should have a heavy receiver. All belt-fed or cassette- 
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fed weapons must have a heavy receiver. Weapons intended to 
operate only in semiautomatic fire, or which are selective fire 
weapons, may use a light receiver (but are not required to). 

A t  tech level 9 and above, any receiver may be constructed as an 
ETC receiver by so designating in the design process. 

4 Bolt-action 

4 Heaw self-loadina Heaw a 

5 Light self-loading Ligh; 

Rate of Fire: Individually loading, lever-action, bolt-action, and 
pump-action weapons have rate of fire (ROF) codes of SS (single 
shot), LA (lever action), BA (bolt action), and PA (pump action) 
respectively. 

Revo1vel.s from tech level 3 have an ROF codeof SAR (single-action 
revolver) while those from tech level 4 or higher have a code of DAR 
(double-action revolver). 

Weapons with lightself-loading receivers may beeithersemiauto- 
matic (ROF code of SA) or selective fire, with a full automatic rate of 
fire of either 3 or 5 shots per burst, at the designer's option (selective 
fire always includes the single-shot SA option). 

Heavy self-loading receivers may be either semiautomatic (ROF 
code of SA) or selective fire (ROF code of either 3,5, or 10). 

Withselectivefire, thedesigner mustspecifyhowmanyratesoffire 
are available (single-shot SA is always available in all self-loading 
receiven). That is, a selective fire weapon may have a listed ROF of 
5/10, meaning that it can be fired as a semiautomatic weapon, an 
automatic weapon with an ROF of 5, or an automatic weapon with 
an ROF of 10. 

Receiver Length: Receiver length is determined by the following 
formula: 

Lr = Tm(ca) 
Lr = Length (in centimeters) of the receiver 
Tm = Tech level multiplier, as shown below 
Ea =Average muzzle energy (in joules) of the ammunition 

Tl  Tm 

.6-7 . ,_/ .,, , , -5 ._' I .. . . . , 

8-9 .45' 
1 O+ .4 

Receiver length must always be at least as long as the cartridges it 

Recehrer Weight: Once the type of receiver is known, its weight 
fires. 

can be calculated using the following formulae: 
Wrl = .001Ea 
WrlET = .0005Ea + 0.3 
Wrh = .OOZEa 
WrhET = .001 Ea + 0.3 

Wd: Weight (in kilograms) of a light receiver. 
WdR: Weight (in kilograms) of a light receiver of an ETC gun. 
W h :  Weight (in kilograms) of a heavy receiver 
WhfT: Weight (in kilograms) of a heavy receiver of an ETC gun 
fa: Average muzzle energy (in joules) of the ammunition. 
For shotguns, multiply receiver weight by 0.6. 

Receiver Price: The priceof the receiver is based on its weight and 

Cr = WrAm 
CrET = WrAm+200 

type of action, according to the following formula: 

Cr: Price in credits 
Crff: Price in credits of ETC receiver 
Wr: Weight (in kilograms) of the receiver 
Am: Action multiplier, as shown below 

Action Am 

Self-loading deluxe 300 

Notes: A self-loading selective receiver is a selective fire receiver 
with semiautomatic fire and one automatic ROF. A self-loading 
deluxe receiver is a selective fire receiver with, in addition to 
semiautomatic fire, more than one automatic rate of fire option 
(regardless of how many). 

Doubles 
Anyweapon using an individually loading receiver may have more 

than one barrel if the designer wishes (this is common in shotguns 
and large-bore rifles). Each barrel must have its own individually 
loading receiver, but only one stock/grip is  needed. These barrels 
need not be identical in caliber, but they must be identical in length. 

It remainsfor the designers and users of such weapons to discover 
the practical limit on the number of barrels to be incorporated into 
such a design, but such weapons normally only include two (hence 
the name), and seldom morethan three. Double-barreled shotguns 
are the most common, but it is not uncommon to combine a 
smoothbore shotgun barrel with a rifle barrel, or two rifle barrels. 
Doubleweapons are primarily usedfor hunting, and areseldom used 
for military purposes due to their obvious drawbacks (low magazine 
capacity, lengthy reloading time, and relatively heavy weight). 

3. stocks 
Stocksreferto riflestocksand pistolgrips.Thedesiredstockforthe 

weapon isselected from thefollowing table. Notethatcarbinestocks 
are generally fitted to rifles with short barrels (up to 80% of the 
average barrel length for the cartridge) or sport  versions of rifles. 
They arenotconsidered sturdyenoughforfull-length rifles in military 
use. If a weapon (such as a machinegun) is to be used exclusively 
from atripod oravehicle,itonlyneedsa pistolgripinsteadofastock. 

4 Carbine stock 25 0.7 20 

7 Plastic stock 25 0.5 30 

1 

2 

3 

4 
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Range: Once the type of stock is known, the weapon's range can 

SR = (&) CmBlm 
SR: Short range (in meters) of a weapon. 
E: Muzzle energy (in joules) 
Cm: Configuration modifier, as shown below. If two configuration 2 descriptions apply to the same weapon, multiply them together to 

Configuration Cm 

Bo1 t-action 

be calculated according to the following formula: 

1 

determine the total configuration multiplier. 

3 
Two-handed* 1.3 

*Two-handed refers to weapons specifically designed to be fired with 4 two hands, and thus including a stock instead of simply a pistol grip. 
However, all vehicle- or tripod-mounted weapons are considered to be 
two-handed, even if equipped with only a pistol grip. 

**Includes all shotguns. 
Blm: Modification to short range for barrel length. The barrel 

Blm = 1 + ([Blp-l]xC) 

5 
length modifier is determined by the following formula: 

Blm = Barrel Length Modifier 
Blp = Actual barrel length (cm) divided by Average barrel 

BI = Barrel Length 
Bla = Average Barrel Length (for the cartridge) 
C=Constantlf B lp l  isanegativenumber,theconstantis1.2. 

length (cm): BkBla 
6 

7 
If Blp-1 is a positive number, the constant is 0.75. 

DS Ammunition: Multiply range by 1.2 for DS ammunition. 
HEand HfAPAmmunition: Multiply range by 0.75. 
Tranq Ammunition: Multiply range by 0.6, but short range is never 

morethan 30or lessthan 4 meters regardlessof thecalculated value. 
Limits on Short Range: Regardless of any modifications made in th is  

step or later (through additions of sights or mounts), the upper limit 
on the short range of small arms is 300 meters. Even direct line-of- 
sight energy weapons (such as lasers) are constrained by the 
physiological limitations of the operator. 

4. Feed System 
The feed system is the method by which individual rounds are 

stored in the weapon fed to the receiver. 
Breach-Loaded: Breach-loaded weapons have no magazine, as 

the individual bullets are loaded directly into the receiver. 
Cylinder: A cylinder is the magazine of a revolver, but its weight 

is included in the weight of the receiver. The capacity of the cylinder 
is 19 divided by the square root of the bullet diameter. 

Belt: Belts are linked rounds fed directly into the receiver. Only 
heavy self-loading receivers may be belt-fed. Belts usually hold 100 
rounds, although they may hold more or less if desired. The weight 
and price of the links are negligible. 

Cassette: A cassette is a pre-packaged container of ammunition 
attached to an endless link feed system which moves the ammuni- 
tion to the weapon. Only heavy self-loading receivers may be 
cassette-fed. Cassette feed systems are usually electrically powered, 
either by batteries or by an engine. Cassette feed systems are 
available a t  tech level 7 and above. 

A cassette feed system masses 2 kilograms plus the mass of the 
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ammunition contained in it. Due to the basic overhead cost of the 
power and feed system, cassettes seldom hold fewer than 1000 
rounds.Thepriceof an emptycassetteisequal tothe priceof asingle 
round of ammunition for the weapon multiplied by 500. 

Grip Magazine: Cripmagazinesaresmall box magazinesinserted 
through a hollow pistol grip. 

Grip magazines may not hold necked cartridges. 
The maximum length of bullets in grip magazines, as well as the 

number of rounds which can be carried in a grip magazine, varies 
with tech level, as shown in the table below. The capacity, however, 
applies only to magazines which fit completely inside the pistol grip. 
Weaponswhich arenever holstered (such assubmachineguns) may have 
longer magazines. The maximum ammo length still applies, but the 
capacityofthe magazineothemkeisdetermined asfora box magazine. 

T i  Max A I  

6 40 1 O&d . ~ .  - 

7 50 1 2 w  
8+ 60 

TL = Tech level 
140td 

Max AI = Maximum ammunition length 
Cap = Maximum number of rounds in the magazine 
d = Bullet diameter 

Box Magazine: A box magazine is a spring-loaded metallic or 
plastic box which is attached to the receiver. A weapon may only be 
fed by a box magazine if its receiver is at least 150mm longer than 
the length of the cartridge fired by the weapon. 

Clip: A clip is a thin piece of metal holding a group of rounds 
together. The clip is pushed into the receiver, and the rounds enter 
a nonremovable internal magazine. The clip is either discarded at 
that point or ejected by the weapon when the last of the rounds are 
expended. A weapon may only be clip-fed if its receiver is a t  least 
150mm longerthan the length of thecartridge fired bytheweapon. 
The clip itself has negligible mass and price. Clips may not hold more 
than 10 cartridges. 

Tubular Magazine: Atubularmagazineisa hollow, spring-loaded 
metallic tube into which individual rounds are loaded. Tubular 
magazines are long, must be mounted parallel to the barrel, and so 
canonlybemounted underthe barrel, overthe barrel,orin thestock. 

Themaximum capacity(numberof rounds)ina tubular magazine 
is its length divided by the length of a single cartridge, rounding 
fractions down. The maximum length of the magazine is the barrel 
length or, if mounted in the stock, 25cm. 

Magazine Welght: The weight of an empty magazine (grip 
magazine, box magazine, clip-fed internal magazine, or tubular 
magazine) is determined by the following formula. 

Wm = .0006(N+4)Wa 
Wm: Weight (in kilograms) of an empty magazine. 
Wa: Weight (in grams) of a complete round of ammunition. 
N: Number of rounds the magazine is designed to hold. 
A loaded magazine weighs this plus the weight of the individual 

rounds loaded into it. Note that in the case of tubular and clip-fed 
internal magazines, the empty magazine is a permanent part of the 
weapon and so forms part of i ts empty weight. 

Empty magazines cost CrlO per kilogram, rounding fractions up. 
Electrothermal Chemical Feed Systems: ETC weapons may only 

be fed by box magazine, grip magazine, beltlorcassette. In allcases, 
the power source (a fast-discharge battery) is included in the feed 
device. Belts usually come in ammunition boxes which also contain 

5 

6 

the battery pack necessary to fire the belt of ammunition. The table 
below shows the price and weight addition to the feed device per 
round at  each tech Iwel. 

Ti Cr 

In addition, the internal volume available for ammunition is 
reduced in a grip magazine. When calculating the number of 7 
cartridges which can fit in the magazine, add 1 to the effective 
diameter of the bullets. 

Note: The battery packs in ETC magazines are rechargeable and 
reusable. 

5. Options 
Sights: The basic ranges calculated above assume traditional iron 

sights. Opticsights may befitted instead of iron sights. Opticsights 9 
are rugged military versions of telescopic sights, which do not 
provide the same long-range benefits of those sights but which do 
improve accuracy. Optic sig hts increase the weapon’s short range as 
noted below. 

8 

10 

11 

12 

13 

OPTIC SIGHTS 

Laser Sights: A laser sight may be substituted for or added to any 
other sight. A laser sight allows up to three shots fired during a turn 
tocountasaimedshots(insteadof onlythefirstone).Allothershots 
fired during the turn count asquickshots. Thesig ht mayonly be used 
a t  ranges up to its maximum listed range. 

LASER SIGHTS 
T i  Range (m) Price (Cr) 

14 
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A&tmcedSghtr: Forbvo-handed weapons, the basic (iron sight) range 
should be calculated as well, even if an optic sight is installed. This is 1 necessary since an advanced sight may be installed later, and an 
advanced (either telescopic or electronic) sight adds 15 or 20 meters to 
the weapon’s basic (iron sight) range, not the enhanced optic range. 

Advanced sights may not be fitted to one-handed weapons. 

2 ADVANCED SIGHTS 

9 +20 1.5 0.2 2000 3 E1ectronic 
Mounts: Bipods and tripods may be provided for weapons. 

Tripods may be of any weight desired, but the highest base recoil 
numberof theweapon (usuallyattainedwhenfiring a burst) may not 4 be greater than the weight of the tripod in kilograms. Bipods are 
usually custom built for weapons, and their weight is determined 
using the following formula. 

Wbp = .0005E (but never less than 1 kg) 5 Wbp: Weight (in kilograms) of the bipod 
E: Muzzle energy (in joules) 

RecoiLThe recoil of a weapon (calculated below after final mass is  6 established) when fired from a bipod is thestandard value times 0.5. 
The recoil of a weapon when fired from a tripod is the standard value 
times 0.25. Weapons fired from moving vehicle mounts have 
nepliqible recoil. 

8 

9 

?he price of tripods is determined by the following formula: 

Cc Price in credits. 
W: Weight in kilograms. 
The price of bipods is determined by the following formula: 

Cr: Price in credits. 
W: Weight in kilograms. 

Cr = 100 + (low) 

Cr = 50 + (low) 

Range. Bipods and tripods extend the range of the weapon, as 
shown on the following table (all vehicle-mounted weapons also 
receive the t r i d  modifier). 

Mount Range 10 
Tripod x2.0 
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Bayonet Lugs: Bayonet lugs are simple standardized brackets at  
the end of the weapon barrel. A bayonet lug costs nothing and has 
negligible mass, but must be specified as part of the design. 

A bayonet is less useful than a hand-held knife unless it i s  mounted 
on a well-balanced weapon with sufficient length to allow it to be 
used as a spear point. As a result, only weapons with a bulk (see 
below) of 4 or more may profitably benefit from a bayonet lug. 
Shorter weapons may have them, but the mounted bayonet counts 
as a short range (instead of long range) melee weapon and suffers 
a +1 Diff Mod for its chance to hit in armed melee combat. 

Grenade Adapter: A grenade adapter allows the firing of rifle 
grenades and adds 5 cm to the length of theweapon and costs Cr50. 

Recoil Reductlon: There are three types of devices used to reduce 
recoil: muzzle brakes, shock absorbers, and compensators. No more 
than one of each type may be added to the weapon. Some weapons 
enjoy lower recoil because of the type of action employed, and these 
are treated as a separate fourth type of recoil reduction. 

MUZZLE BRAKES 

7 MuuleBrake 4 .2 .85 50 

8 MuGleBrake 4 .2 .8 50 

SHOCK ABSORBERS 

7 SAStock** 0 .2 .9 75 

9 SAStock** 0 .2 .85 75 

COMPENSATORS 
L W R a n  Cr 

14 Inertial Compensator*** 0 1  .3 1000 

ACTION 

- 9 Electrothermal Chemical* - - .6 

TLTech level 
L: Length in centimeters 
W Weight in kilograms 
Cr: Price in credits 
Ran: Recoil compensator modifier 
SA: Shock-absorbing 
*Automatic and semiautomatic weapons have a limited built-in 

recoil compensation system, as some of the weapon’s recoil is used 
(and’absorbed) operating the mechanism of the weapon itself. By 
thesametoken, electrothermal chemical guns havelowerrecoil than 
their muzzle energy would normally indicate and so have what 
amounts to a built-in recoil reduction. This i s  automatically included 
,in the weapon and has no additional cost or weight. 

**The prices and weights for an SA (shock-absorbing) stock 
represent the cost to add this mechanism to a conventional stock, 
and so are in addition to the cost and weight of the stock already 
fitted. The shock-absorbing feature may usually only be added to 
solid stocks, not folding stocks. When the folding shock absorbing 
stock becomes available (TL 9) it may be added to either type of 
stock. 

***Theinertial recoilcompensatoriswornasa harness and thegun 
is attached to it by a flexible arm. The arm becomes rigid when the 
weapon is fired and the recoil compensator in the harness pack 
absorbs much of the force of the recoil. Unlike all other recoil 
reduction devices, the weight of the inertial compensator is not 
added to the weight of the weapon (Ww) for purposes of determin- 
ing recoil weight below. 

lfaweapon hasmorethanoneRcm, multiplythem togethertoget 
a single combined value. 

If a weapon has no recoil modifiers, its Rcm is 1. 



Recoll: Once any recoil compensators have been installed, the 
weapon's recoil when firing a singleshot can be calculated. (Include 
the weight of a bipod, but not a tripod.) 

R = {[(O.lS*)+Ww] + Em} x Rcrn 
R: Recoil number 
E: Muzzle energy 
Ww: Weight, in kilograms, of weapon (use empty weight for belt- 

R a n :  Recoil compensator modifier. 
h: Modifier for high muzzle energy. If the weapon has high munle 

and cassette-fed weapons, loaded weight for all others) 

energy, add to the final recoil as shown on the chart below. 

5001+ 3 50,001+ 6 
When calculating the recoil energy of a burst of shots, the 

R = ({[(Bn+2)(0.15$)I+Ww} + {[Bn+2]Em}) x Rcrn 
following formula is used: 

Bn = number of shots in the burst. 

Bulk Weapon length is calculated by adding the lengths of all of 
the individual components. Once the final length of the weapon has 
been determined, the bulkcan becakulated. Bulk isequal totheweapon 
length on centimeters) divided by 15, rounding all fractions down. 

Volume: Weaponvolume, for purposes of installation in a vehicle, 
is one liter per kilogram of mass (or one cubic meter per tonne). 

6. Tinkering the Design 
Most of the specifications for the weapon are minimum specifica- 

tions, and so a weapon can always be heavied up (to reduce its recoil, 
for instance). This is usually done by adding weight to the receiver. 
If the weapon has a light receiver, its weight can be increased until 
it reaches the weight of a heavy receiver for a weapon of that muzzle 
energy. Onceit reachestheweightof a heavyreceiver, itsweightcan 
only be increased by increasing the length of the receiver. The 
percentage increase in weight over the weight of a heavy receiver is 
the percentage increase in length produced by that extra weight. 

By the same token, a designer may wish to increase the length of 
a receiver (to make it possible to use a box magazine, for example). 
In this case the percentage increase in receiver length is the percent- 
age increase made in receiver weight 

Silencers and Sound Suppressors 
True "silencers" are very difficult to construct because, akhough the 

sound of the cartridge firing can be muffled, the sound of a supersonic 
bullet passing through the air cannot, and it is this crack (a mini sonic 
boom) that is usually heard by hostiles. In fact, many combat soldiers 
reportthatthey havenever heard anyweapon firing buttheirown while 
in combat, so completely does the mind filter stimuli in a desperate 
situation, but they regularly hear the passage of hostile bullets. 

Sound suppressors effectively muffle the sound of the weapon 
firing while leaving thesoniccrackof the bullets unmodified.Thiswil1 
have no effect on the ability of target personnel to realize that they 
are underfireor indetermining thedirection of thefire.What itdoes 
do is make it more difficult for personnel not part of the firefight to 
notice that it is going on. Firefights conducted with suppressed 
weapons will seldom be heard beyond 500 meters in open country- 
side or 100 meters in urban areas. 

Truly silenced weapons not only muffle thesound of the cartridge 

firing but also slow the bullet (usually by bleeding off muzzle gas) to 
sub-sonic speeds. This reduces the sound of the bullet but also 
considerablyreduces muzzle energy. Silenced weaponswill not be heard 
beyond 25 meters in open countryside or fwe meters in urban areas. 

Asilenced weapon has its muzzle energy (and as a result its range, 
damage, and penetration) reduced to that of a weapon of the same 
caliber but a 15mm straight non-ETC cartridge case. Mounting a 
standard noise suppressor on a weapon which already fires low- 
powered cartridges (1 5mm or lessstraig ht non-ETC) and which have 
a noise suppressor mounted are considered silenced. 

Silencer 
Length: lcm per 25 joules of muzzle energy 
Weight: 0.025 kg per cm of length 
Price: Cr5 per cm of length 

Length: 1 cm per 100 joules of muzzle energy 
Weight: 0.025 kg per cm of length 
Price: Cr5 per crn of length 

Suppressor 

Flash Suppressors 
Aflash suppressor reduces or eliminates muzzle flash. All firearms 

have a muzzle flash at night. Weapons with a muzzle energyof 1000 
joules or more have a visible daytime muzzle flash when firing from 
cover or darkened areas (such as woods, buildings, etc.) All weapons 
with a muzzle energy of 1000 pules or more and a barrel length which 
is 80% or less have a bright visible muzzle flash in all light conditions. 

A flash suppressor will reduce or eliminate muzzle flash, moving 
the weapon down one"category" for a regular flash suppressor and 
down two "categories" for a long flash suppressor. A long flash 
suppressor i s  twice the length of a regular suppressor. 

Flash suppressors may becombined with muzzle brakes byadding 
the cost of the two together. The total length of the assembly is the 
length of longer of the two attachments. 

Flash Suppressor 
Length: 1 cm per 300 joules of muzzle energy 
Weight: 0.01 kg per cm of length 
Price: Cr 1 per cm of length. 

Multiple-Barrel Rotary Guns 
The design system does not allow for a rate of fire of higher than 

10 per barrel due to overheating. However, it is possible to design a 
multi-barrel weapon which can deliver a higher overall rate of fire. 
The design sequence follows the above sequence except where 
specifically noted below. 

1. Barrels: The weapon may have as many barrels as desired, but 
all of them must be identical. 

2. Receiver: Rotary guns must have a heavy receiver, and the 
weight of the receiver is increased by an additional 10% for every 
barrel. So, for example, a three-barreled gun would have a receiver 
1 30% as massive as a normal heavy receiver of that  caliber. This does 
not increase receiver length, however. 

Rateof fireis always equal to 10 times the number of barrels minus 1. 
ROF = 10 (Bn-1) 

Firing characters roll 10 dice for hits a t  short range, but each rolled 
hit causes actual hits equal to one less than the number of barrels 
(Hits = Bn-1). SeetheTraveller rulebook for automatic fire rulesand 
attenuation with range. 

3. Feed System: Rotary guns must be cassette- or belt-fed. 
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CHAPTER 2 
Gauss Weapons 

Conventional small arms accelerate projectiles using the force of 
expanding gases from an explosion. These weapons are inherently 
limited by the rate of expansion of the exploding gases and, as noted 
before, have a practical upper limiton muzzlevelocityof about2000 
meters per second. 

Electromagnetic weapons, however, have no such limits. These 
weapons use electric energy to power electromagnets which accel- 
erate projectiles down the barrel of thegun. For these weapons, the 
practical upper limit of muzzle velocity in the atmosphere is 6400 
meters per second. Projectiles moving faster than that will burn up 
from atmospheric friction. There is no real limit to muzzle velocity in 
avacuum, but most electromagneticweapons aredesigned forwork 
on a planetary surface and so are designed within the limits of 
atmospheric operation. 

Electromagneticsmall arms (2cm and smaller in bore) arecalled gauss 
weapons (as opposed to mass drivers, which refers to larger-bore 
electromagnetic weapons). Gauss weapons can be built in the same 
confgurations asother small arms: pistols, carbines, rifles, and autoguns. 

One additional advantage that gauss weapons have over conven- 
tionalsmall armsisthelackof barrel friction. Conventional small arms 
push the bullet out of the barrel by means of expanding explosive 
gases (or an expanding plasma in thecaseof ETC rounds).The bullet 
must be a tight fit in the barrel in order to contain the high-pressure 
gases behind it, and this means that there is considerable friction 
between the bullet and the barrel wall. Not only is this energy- 
inefficient, it generates a great deal of heat. In fact, very little barrel 
heat is generated by the heat of the propellant explosion; almost all 
of it is simple friction. 

Sincea gauss weapon does not rely on a tight gas seal to push the 
round, the bullet is in only light contact with the barrel as it moves 
down it and so generates very little friction. This allows a weapon to 
sustain a much higher rate of fire and to do so without resorting to 
multiple gun barrels. As a result, most gauss autoguns are usually 

called VRF gauss guns, the VRF standing for very rapid fire. 
Gauss weapons consist of four principal components: a barrel, 

power source, homopolar generator, and stock or mount. 
The barrel consists of a series of concentric metallic rings which are 

the actual magnetic propellers for the round. These magnets are 
fired in sequence and accelerate the bullet down the barrel. The ring 
magnets are usually covered with a protective housing. 

The weapon’s power source can be any conventional supply of 
electricity, and is dictated more by the size of weapon and its likely 
use than by any unique requirements of the electromagnetic pro- 
cess. Weapons mounted on vehi~le~ often draw on the vehicle’s power 
plant for energy, while man-portable weapons rely on batteries. 

Regardless of the means of power generation, a homopolar 
generator is necessary to store the energy until it reaches sufficient 
density to power the gun (and until the gunner wishes to fire), and 
then feeds the energy back in one rapid burst of power. One 
advantage of the tremendous torque generated by the rapid dis- 
ChargeoftheHPCisthatitcan beused togyroscopicallycounterpart 
of the weapon‘s powerful recoil. 

Gauss weapons use stocks and mounts similar to conventional 
small arms, and are very similar in appearance to such weapons. 

Gauss Ammunition Design 
Like other small arms, the first step in designing a gauss weapon 

is to design its bullet. As the bullet is a simple finned dart, however, 
this is much simpler than with other small arms ammunition. 

Theonly defining characteristicof gauss ammunition is its caliber, 
expressed in millimeters. Although standard weapons listed in the 
game are usually in increments of 0.5 millimeters (such as 5.5mm, 
7.5mm, etc.) weapons may be designed in any caliberdesired, such 
as 11.43mm or 4.71 mm. Small arms gauss weapons may be made 
in any caliber up to 20mm. (Weapons of 20mm and above are 
usually considered to be cannons and are covered under Mass 
Drivers, pages 1 1 0-1 1 1 .)All gauss bullets havea length equal to their 
diameter multiplied by 5. 

Once the size of the round has been specified, determine its weight. 
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Weight: The ammunition weight (Wa) in grams is determined 

Wa = .04 71 r‘ 
using the following formula: ’ r: Radius (in millimeters) of the bullet (half ?e diameter). 

2 formula: 

71: 3.1 41 6 
Price:The price of the ammunition is determined by the following 

Cr = WaTm 
G: Price in credits 
Wa: Weight of the round in grams 
Tm:Type multiplier, as determined below: 
Type Tm 

Conventional 0.04 

3 

4 Special Ammunition 
The above design sequence deals with solid slug ammunition, 

called “dart” ammunition for gauss weapons. A variety of special 
small arms ammunition i s  available as well. 

H E  HE, or hgh-explosive, ammunition is hollow and contains an 
explosive filler that detonates on impact. 

Price for HE rounds is multiplied by 2. 
HEAP: HEAP, or hgh-explosive, armor-pierdng, bullets are hollow, as 6 with HE bullets, but have small shaped charges for penetrating armor. 
Price for HEAP rounds is multiplied by 3. 
Tranq: Tranq rounds are nonlethal means of subduing adversar- 

ies. These are fired at lower-than-usual velocities, to avoid lethality. 
Price for Tranq rounds is multiplied by 2. 
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WEAPON DESlGN R v 

1. Barrel 
The barrel of a gauss weapon is a major component of the weapon 

and is much more sophisticated in design and construction that the 9 barrel of a conventional small arm. Once ammunition has been 
selected, two design decisions determine everything else about the 
barrel: tech level and muzzle velocity. 

A. Tech Level: The designer selects the tech level of the weapon 1 0 at this point Gauss weapons can be designed a t  tech level 10 and 
any higher tech level. 

B. MuuleVeloctty: Thedesigner selects the muzzlevelocityof the 
weapon. Muzzlevelocity is expressed in meters per second and may 1 1 be any velocity up to a maximum of 6000 meters per second. As a 
practical matter, gauss small arms rarely have muzzle velocities less 
than 1500 meters per second or much in excess of 3000 or 4000 
meters per second. 

C. Evaluation: Based on ammunition size, tech level, and muzzle 
velocity, a number of important variables are determined for the 
weapon that are used in later steps. 

1.Barrel Length The length of the barrel is a function of 13 tech level and muzzle velocity. Higher velocities require longer 
barrels to provide the necessary acceleration, while advances in 
technology allow higher acceleration in shorter distances (thus 
allowing shorter barrels). Barrel length is determined using the 14 following formula: 

Lb = V+l WTLm 
Lb: Length of barrel in centimeters. 
V: Muzzle velocity in meters per second]. (Step 1-6) 
T h :  Tech level multiplier, as shown in the next column: 

TL T h  

16+ 0.4 

2. Barrel Weight: The weig ht of the barrel is determined 
using the following formula: 

Wb = .03Lb 
Wb: Weight (in kilograms) of a barrel. 
L6: Length (in centimeters) of the barrel. (Step 1 -C-l) 

3. Barrel Price: The price of the barrel is determined 
using the following formula: 

Cr = Wb600 
G: Price of the barrel in credits. 
Wb: Weight of the barrel in kilograms (Step 1 G2) 

4. Muzzle Energy The muzzle energy of the weapon i s  
determined using the following formula: 

E = (0.5MV~+lOOO 
E: Muzzle energy in joules 
M: Bullet mass in grams 
V: Muzzle velocity in meters per second (Step 1 -B) 
Tranq roundsareassumed to have lower munlevelocities, butthis 

is handled in the Damage Value (Step 1 -C-6) and Range (Step 3-A) 
sections below, and so is not calculated separately. 

5. Required Energy: The energy required to accelerate 
the bullet to the desired muzzle velocity is a function of the total 
generated muzzle energy, and the efficiency of the weapon in 
converting electrical power quickly to magnetic force (which is  a 
function of tech level). The required energy (in joules) is equal to the 
weapon’s muzzle energy multiplied by the weapon‘s tech level 
efficiency, as shown on the following table. 

TL Efiaency 

1 6+ 1.4 

6. Damage Value: Once muzzle energy is known, it is 
possible to calculate damage and using the following formula. 

D = (@+I5 
0: Damage value 
E: Muzzle energy (in joules) (Step 1 -C-4) 
HE and HEAP bullets cause additional damage from the explosion 

of the round. The explosive energy is determined by adding the 
diameter of the bullet (in millimeters) to the tech level of the bullet 
and subtracting 7, then cubing the resulting number. The result is 
the explosive energy of the bullet. When calculating damage, the 
value for E in the formula becomes the sum of muzzle energy and 
explosive energy. 

All Tranq rounds have adamage value of -1 *, indicating that they 
do 1 DGl points of damage plus the special tranq effect discussed 
on page 350 of the basic Traveller rules. 



7. Penetration: It is also possible to determine penetration 

E Pen 
once muzzle energy is known by consulting the following table: 

1__11 

1001 -3000 1 -Nil 
3001 -5000 1 -2-Nil 
5001 -1 0,000 1-3-5 
10,001 -20,000 1-2-4 

, I  

20,001 -50,000 2-2-3 

For HEAP ammunition, penetration is  always 2-2-2. 
For HE and Tranq ammunition, penetration is always Nil. 

2. Receiver 
The receiver of a gauss weapon serves a function somewhat 

different from that of a conventional small arm. As in a conventional 
weapon, thegauss weapon's receiver "receives" the bullet from the 
magazine and aligns it with the barrel for firing. There is no 
mechanical bolt, firing pin, or ignition chamber, however, as the 
acceleration of the round takes place exclusively in the barrel. 
Therefore, the receiver houses only the magazine feed system and 
the internal homopolar generator. 

A. Receiver Type: All gauss receivers areof theself-loading variety. 
The receiver may be semiautomatic (single shot, ROF code of SA) or 
selective fire (capableof semiautomatic and full automatic fire) at the 
designer's option. 

B. Rate of Fire: If selective fire, designer must specify the auto- 
matic rate of fire, 5, 10, or 50. If either ROF 5 or 10 is chosen, the 
weapon is normal selective fire. If both 5 and 10 are chosen, it is a 
multi-selective fire weapon. If the rate of fire is 50, the weapon is 
called a VRF (very rapid fire) gauss weapon. 

A listed ROF of 5/10 means that the weapon is multi-selective fire 
and can be fired as a semiautomatic weapon, an automatic weapon 
with an ROF of 5, or an automatic weapon with an ROF of 10. 

C. Evaluation: Based on receiver type and barrel information, a 
number of important variables are determined for the weapon. 

1. Receiver Weight: The receiver weight is dependent 
largely on theenergyof the weapon and the efficiencyof homopolar 
generators availableatthattech level. Receiverweight isdetermined 
by the following formula: 

Wr = PTm 
W c  Weight of the receiver in kilograms 
P: Required power joules (Step 1 -C-5) 
Tm: Tech level modifier as shown below. 

TL Tm 

21 0.00001 
If capableoffuIlyautomaticfire(witha rateoffireof eithersorlo), 

multiplythe receiverweight by 1 .l. If multi-selective fire (capableof 
both automatic ROFs5 and lo), multiply the receiver weight by 1.2. 
If a VRF weapon (rate of fire of SO), multiply the receiver weight by 5. 

2. Receiver Length: The length of the receiver is deter- 
mined by the following formula: 

Lr=di@&iF 
l r :  Length of the receiver in centimeters 
Wc Weight of the receiver in kilograms (Step 2-C-1) 
However, the receiver may never be shorter than the length of one 

bullet. 
3. Receiver Price: The price of the receiver in credits is 

equal to its weight in kilograms (Step 2-C-1) multiplied by 100. If 
capable of selective fire (one automatic rate), multiply price by 1.2. 

3. Stocks 
Stocks refer to riflestocks and pistol grips. The desired stockfor the 

weapon isselected from thefollowing table. Notethatcarbinestocks 
are generally fitted to rifles with short barrels (up to 80% of the 
average barrel length for the cartridge) or sport versions of rifles. 
They are notconsidered sturdyenough forfull-length rifles in military 
use. Weapons intended to fire exclusively from vehicle mounts and/ 
or tripods only require a pistol grip. 
TL Type Cr 

A. Range: Once the type of stock is known, the weapon's range 

SR = (&) Cm 
SR: Short range in meters of a weapon 
E: Muzzle energy in joules (Step 1 -C-4) 
Cm: Configuration modifier, as shown below. If two configuration 

descriptions apply to the same weapon, multiply them together to 
determine the total configuration multiplier. 

can be calculated according to the following formula: 

Configuration Cm 

c s  
One-handed 0.5 
Two-handed* 1.6 

* " " I _  ~ . 

*Two-handed refers to weapons specifically designed to be fired 
with two hands, and thus including a stock instead of sirnplya pistol 
grip. However, weapons with only a pistol grip but fired exclusively 
from a tripod orfixed/vehicle mount count as two-handed weapons. 

Tranq Ammunition: Multiply range calculated above by 0.6 for 
tranq ammunition, butshortrangeisnevermorethan 30orlessthan 
4 meters regardless of the calculated value. 

HE and HEAPAmmunition: Multiplyrangecalculated above by0.75 
for HE and HEAP ammunitions. 

Maximum Range: Regardless of the results of this calculation or any 
modifications made later(through theadditionof sightsor mounts), the 
upper limit on the short range of gauss weapons is 300 meters. 

4. Feed System 
The feed system is the method by which individual rounds are 

stored in the weapon fed to the receiver. Gauss weapon magazines 
are more complex than conventional small arms magazines since 
they hold, in addition to the bullets themselves, a batterycapable of 
powering the weapon for the number of shots contained in the 
magazine. 
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A. Battery Weight The weight of the battery in a magazine is a 
function of the number of rounds in the magazine, the required 1 energy of the weapon, and the weapon's tech level. The battery 
weight is determined using the following formula: 

Wb = NErTrn 
Wb: Weight of battery in kilograms. 
N: Number of rounds the magazine is designed to hold. 
fr: Required energy in joules. 
Tm: Tech level modifier, as shown below: 

2 
TL Tm 

3 

4 

B. MagazineType: Gaussweaponscan be fed bygrip magazines, 5 box magazines, or cassettes. VRF weapons are usually fed from 
cassettes, but it is possible to design a large-capacity box magazine 
which can also feed such a weapon. 

Grip Magazine: Grip magazines are small box magazines inserted 

The maximum length of bullets in a grip magazine is 60mm. The 
maximum number of rounds that can be carried in a grip magazine 
is equal to 140 divided by the diameter (in millimeters) of an 7 individual round. The capacity, however, applies only to magazines 
which fitcompletely inside the pistol grip. Weapons which are never 
holstered (such as submachineguns) may have longer magazines. 
The maximum ammo length still applies, but the capacity of the 

Box Magazine: A box magazine is a spring-loaded metallic or 
plastic box which is attached to the receiver. Aweapon may only be 
fed by a box magazine if its receiver is at least 150mm longer than 

6 through a hollow pistol grip. 

8 magazine otherwise is determined as for a box magazine. 

9 the length of the cartridge fired by the weapon. 
Cassette: A cassette is a pre-packaged container of ammunition 

attached to an endless link feed system which moves the ammuni- 
tion to the weapon. Cassette feed systems are usually electrically 
powered either by the batteries or by a vehicle engine. 

C. Magazine Evaluation: Once the battetyweight and magazine 
type have been determined, the following information can be 
determined: 

1.MagazineWeight:Thewghtof anemptymagazine@rip 
magazine or box magazine) is determined by the following formula. 

Wm = .0006(N+4)Wa + Wb 
Wm: Weight (in kilograms) of an empty magazine. 
Wa: Weight (in grams) of a complete round of ammunition. 
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'I N: Number of rounds the magazine is designed to hold. 
W6: Weight of battery. 
An emptycassettefeed system weighs2 kilograms plustheweight 

of the battery for the ammunition contained in it. Due to the basic 
overhead cost of the power and feed system, cassettes seldom hold 
fewer than 1000 rounds. 

2. Magazine Price: Empty boxorgrip magazinescostCr2 
per kilogram, rounding fractions up. Empty cassettes cost Crl 0 per 14 kilogram, rounding fractions up. 

3. Loaded Magazine Weight: A loaded magazine weighs 
the amount shown above plus the weight of the individual rounds 
loaded into it. 

5. Options 
Once the basic mechanical components of the weapon have been 

designed, a number of optional features may be added. 
A. Sights: The basic ranges calculated above assume traditional 

iron sights. All of the more advanced sights listed below are available 
at all tech levels a t  which gauss weapons may be constructed. 

Optic sights are rugged military versions of telescopic sights, 
which do not provide the same long-range benefits of those sights 
but which do improve accuracy. Optic sights provide a multiplier to 
the weapon's short range, as shown on the chart below. 

Telescopic or electronic sights may only be installed on bvo- 
handed weapons and provide a base addition to the short range 
instead of a multiplication. This short range is the weapon's short 
range before being multiplied by the optic sight modifier. 

A laser sight allows up to three shots fired during a turn to count 
as aimed shots (instead of only the first one). All other shots fired 
during the turn count as quick shots. The sight may only be used at 
ranges up to its maximum listed range. 

ADVANCED SIGHTS 
Range (m) Mass (kg) Price (Cr) 

TelescoDic +15 0.1 200 
Electro~k +20 0.2 2000 
Laser 240 0.5 300 

B. Recoil Reduction:There aretwo types of devices used to reduce 
recoil on gauss weapons: shock absorbers and compensators. No 
more than one of each type may be added to the weapon. Some 
weapons enjoy lower recoil because of the type of action employed, 
and these are treated as a separate fourth type of recoil reduction. 

SHOCK ABSORBERS 
TL T v ~ e  L W R a n  Cr ,. 
9 SAStock* 0 .2 .8S 75 

COMPENSATORS 
TL Type L w R a n  cr 

14 Inertial Compensator* 0 1 .3 1000 

TL. Tech level 
L: Length in centimeters 
W: Weight in kilograms 
Cr: Price in credits 
Ran: Recoil compensator modifier 
SA: Shock-absorbing 
* The prices and weights for an SA (shock-absorbing) stock 

represent the cost to add this mechanism to a conventional stock, 
and so are in addition to the cost and weight of the stock already 
fitted. 



**The inertial recoil compensator isworn as a harness and thegun 
it attached to it by a flexible arm. The arm becomes rigid when the 
weapon is fired and the recoil compensator in the harness pack 
absorbs much of the force of the recoil. Unlike all other recoil 
reduction devices, the weight of the inertial compensator is not 
added to theweight of the weapon (Ww) for purposes of determin- 
ing recoil weight below. 

If a weapon has morethan one Rcrn, multiplythem togethertoget 
a single combined value. 

If a wea-pon has no recoil modifiers, its Rcrn is 1. 
C. Mounts: Bipods and tripods may be provided for weapons. 

Tripods may be of any weight desired, but the highest base recoil 
numberoftheweapon(usual1yattainedwhenfiringa burst) may not 
be greater than the weight of the tripod in kilograms. Bipods are 
usually custom-built for weapons, and their weight is determined 
using the following formula. 

Wbp = .0005E (but never less than 1 kg) 
Wbp: Weight (in kilograms) of the bipod 
E: Muzzle energy (in joules) 
The price of tripods is determined by the following formula: 

Cr: Price in credits. 
W: Weight in kilograms. 
The price of bipods is determined by the following formula: 

Cr: Price in credits. 
W: Weight in kilograms. 

Recoil: The recoil of a weapon when fired from a bipod is the 
standard value (as determined below) times 0.5. The recoil of a 
weapon when fired from a tripod is the standard value times 0.25. 
When calculating the weapon's weight to compute recoil in F-1 
below, the weight of a bipod (if the weapon is equipped with one) 
is added into the weapon's weight, but not the weight of a tripod. 

Range: Bipods and tripods extend the range of the weapon, as 
shown on the following table (all vehicle-mounted weapons also 
receive the tripod modifier). 

Cr = 100 + (low) 

Cr = 50 + (low) 

Mount 

Tripod x2.0 

D. Bayonet Lugs: Bayonet lugs are simple standardized brackets 
at the end of the weapon barrel. A bayonet lug costs nothing and has 
negligible mass, but must be specified as part of the design. 

A bayonet is less useful than a hand-held knife unless it is mounted 
on a well-balanced weapon with sufficient length to allow it to be 
used as a spear point. As a result, only weapons with a bulk (see 
below) of 4 or more may profitably benefit from a bayonet lug. 
Shorter weapons may have them but the mounted bayonet counts 
as a short-range (instead of long-range) melee weapon and suffers 
a +1 Diff Mod for its chance to hit in armed melee combat. 

E. Grenade Adapter: A grenade adapter allows the firing of rifle 
grenades and adds 5 cm to the length of the weapon and costs Cr50. 

F. Silenced A gauss weapon makes very little sound normally as 
there is no explosive detonation of propellant. The only sound is the 
sound of the bullet travelling at supersonic speeds. Consequently, all 
gauss weapons are treated as having sound suppressors. In addition, 
a gauss weapon can bedesigned with thecapability to reduce barrel 
coil power sufficiently to fire at subsonic velocities and thus be truly 
silenced. This option doubles the cost of the weapon's receiver, but 
has no effect on weapon weight or length. 

If this option is selected, it is necessary to recalculate weapon 
muzzle energy, damage, penetration, and range, all based on a 
muzzle velocity of 300 meters per second. 

The weapon can fire either standard ammunition or special low- 
powered ammunition designed to meet the lower power require- 
ments that come with the lower muzzle velocity. 

C. Tinkering: Most of the specifications for the weapon are 
minimum specifications, and so a weapon can always be heavied up 
(to reduce its recoil, for instance). This is usually done by adding 
weight to the receiver. Receiver weight can only be increased by 
increasing the length of the receiver. The percentage increase in 
weight over the design weight of a receiver is the percentage 
increase in length produced by that extra weight. 

By the same token, a designer may wish to increase the length of 
a receiver (to make it possible to use a box magazine, for example). 
In this case the percentage increase in receiver length is the percent- 
age increase made in receiver weight. 

These changes in receiver weight and length do not change the 
price of the receiver. 

H. Evaluation: Once the above optional features have been 
decided on two additional items of information can be determined. 

1. Recoil: The weapon's recoil when firing a single shot 
can be calculated using the following formula: 

R = {[(O.l5&)+Ww] + Em} x (O.5Rcm) 
R: Recoil number 
E: Muzzle energy 
Ww: Weig ht, in kilograms, of weapon (use empty weig ht for belt- 

Ron: Recoil compensator modifier. 
Em: Mdifier for high muzzle energy. If the weapon has high muzzle 

and cassette-fed weapons, loaded weight for all others) 

energy, add to the final recoil as shown on the chart below. 

E Em E Em 

2501+ 2 20001+ 5 

When calculating the recoil energy of a burst of shots, the 

R = ({[(Bn+2)(O.lS$)l+Ww} + {[Bn+Z]Em}) x (0.5Rcm) 
Bn = number of shots in the burst. 
Mounts: The recoil of a weapon when fired from a bipod is the 

standard value times 0.5. The recoil of a weapon when fired from a 
tripod is the standard value times 0.25. 

2. Bulk Determine the final length of the weapon by 
adding together the lengths of the individual components. Bulk is 
equal to theweapon length(incentimeters)divided by1 5, rounding 
all fractions down. 

following formula is used: 
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CHAPTER 3 

(CPR) Guns 
1 Chemically Propelled Round 

CPR guns are the large-bore equivalent of conventional small 2 arms. Theywork using thesame physical laws and have many of the 
same physical limits, although on a grander scale. The principle is 
simple: An explosion is contained at one end of a tube. The 
expanding gases of the explosion escape the only direction pos- 3 s i b l d o w n  the tube, forcing a solid projectile out ahead of them. 
The tube is often (but not always) rifled, imparting spin to the 
projectile to stabilize it in flight. Modern CPR guns which are not 
rifled fire projectiles which rely on small fins at the rear of the 4 projectileforstability, much like a rocketdoes. Currentamor-piercing 
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ammunition fired by the smoothbore gun of the MIA1 tank is called 
APFSDS, or armor-piercing, fin-stabilized, discarding-sabot amm u ni tion. 

In general terms, designing CPR guns is a simple proposition. The 
longer the barrel, the greater the muzzle velocity possible, up to the 
practical limits of the round. The greater the muzzle velocity, the 
greatertherangeand,given aconstant projectileweighL-thegreater 
the muzzle energy. The greater the muzzle energy, the more recoil 
generated, and hence the more massive a carriage required to 
absorb that recoil. There are a number of sticky design problems 
which gun designers have had to overcomeover thecourseof time. 

Muzzle Energy As muzzle energy is a recurring theme in gun 
design, now is a good time to discuss it. Muzzle energy is simply the 
energy of a projeitile at  the moment it leaves the muzzle of a gun. 
We chose that particular instant because it is the peak energy of the 
projectile. All the time it is travelling down the barrel, it is accelerat- 
ing. The instant it leaves the barrel, the expanding gases of the 
exploded propellant charge cease acting on it and it immediately 
begins to slow due to atmospheric drag (or, in a vacuum, continues 
to coast a t  a constant velocity). Therefore, the projectile will never 
have more energy than it has a t  the instant it leaves the muzzle. 

Muzzle energy is very easy to calculate if the projectile mass and 
the muzzlevelocity are known, as energy is a simple function of mass 
and velocity. The formula is: Energy equals one-half mass times 
velocity squared. 

E = (O.SM)VZ 

Traveller uses the metric system of measurements, and so the 
units used in this equation are joules (energy), kilograms (mass), and 
meters per second (velocity). Since most calculations in CPR gun 
design use megajoules (1 million joules), convert the result of the 
above equation to megajoules (Mi) by dividing by 1,000,000. 

Effective Range: There are a number of ways of measuring 
effective range, and as good a way as any is the range at which a gun 
will hit its intended target more than half the time. Since modern 
ammunition experiences very little deflection, hitting a target is 
largely a function of correctly determining the range. 

Just asaround beginstodecelerateassoonasitleaves themuule, 
so alsodoes it begin tofall (assuming it is fired in agravity well). If the 
weapon is pointed straight ahead and level to the ground, the 
distance at which a shot fired will impact the ground is dependent 
on the muzzlevelocity of the round. Thisissobecausearounddropped 
from muzzle level and a round fired at the same time will both hit the 
ground at the same time, since both are falling toward the ground at 
exactly the same rate. Therefore, the higher the munle velocity, the 
farther the round will tmvd from the gun before hitting the ground. 

This distance, by the way, is called the gun's "point blank" range, 
and within that range estimates of distance are considerably less 
important. Usually you have a good chance of hitting a target by 
simply pointing at it and firing. Beyond point blank range, however, 
the story is more complicated. For the round to hit, the gunner has 
to aim above the target. If the gunner aims too low, the round will 
hit the ground before it reaches the target. if the gunner aims too 
high, it will pass over the target. Therefore, knowing the correct 
angleof elevation dependson knowing, as accuratelyas possible, the 
exact range. 

The importance of muzzle velocity points to another advantage 
of subcaliber rounds such as APDS. As these rounds are lighter, the 
same propellant energy produces a higher muzzlevelocity, and thus 
a more accurate and long-ranged gun. In general, then, the higher 
the muzzle velocity of a weapon the longer its effective range, but 
rangefinders and ballistic computers play a major supporting role in 
determining the actual chance of a hit. 

Recoil: Absorbing the recoil energyof a firing gun is the function 
of its carriage. In the case of armored vehicles, the vehicle itself is the 
carriage, although some form of recoil absorbers are usually neces- 
sary to avoid damaging the vehicle when the gun fires. 

The carriage sewes to keep the gun in place while it fires. To avoid 
damaging the carriage from the recoil force, some means of recoil 
compensation is usually mounted. Truly modern artillery dates from 
tech level 4 with the introduction of on-carriage recoil absorbers, 
which allowquickerfiring of thegun as well as much more powerful 
guns and movable carriages. 

The recoil absorber is most often a hydraulic compensator; as the 
gun fires, it recoils on the carriage in a slide cradle, the recoil energy 
partly being absorbed by the rearward movement of the gun and 
partly absorbed by the carriage, braced against the ground. The 
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rearward motion is slowed and the force absorbed by a hydraulic 
piston in an oil-filled cylinder (or two or three cylinders on larger 
weapons). This hydraulic recoil compensator is often called a 
recuperator, since the stored recoil energy in the hydraulic piston is 
then used to move the gun back forward in its slide cradle on the 
carriage to its firing position. 

Recoil, and thecarriageweightnecessarytodeal with it, isacritical 
variable in gun design, especially with regard to vehicle-mounted 
weapons. The heavier the vehicle, the slower it tends to be, as the 
hardly mobile German Hunting Tiger illustrates. Because of modern 
ammunition, which gets more penetration out of a particular 
amount of muzzle energy, the gun of the M1A2 Abrams has almost 
three times the penetration of the Hunting Tiger's gun while 
generating only 75% as much muzzle energy. The lower muzzle 
energy means a less powerful recoil, less massive gun system, and 
much more mobile vehicle. 

When examining the muzzle energies generated by some of the 
largerguns, itshould becomeclearwhythey required specially built 
railway carriages, not only to fire, but also to serve as large recoil 
slides. 

CPR GUN DESlGN SEQUENCE 
This design sequence covers "modem" artillery, from tech level 4 

on, which fires chemically propelled rounds (CPR). A CPR gun fires 
aprojectilewhichispropelled bytheexpansionof gasesin achemical 
explosion. 

A. Specifications 
The characteristics of CPR guns are determined by six specifica- 

tions. In addition, the weapon's muzzle energy is used through the 
rest of the design sequence and is calculated a t  this time. 

1. Tech Level: Select a tech level appropriate to the world 
where the gun was built. 

2. Bore Size: Bore size, also known as caliber, is the 
diameter of the gun's bore. The smallest CPR gun has a bore 
diameter of 2cm. (Anything smaller than this is considered a small 
arm.) The CPR Gun table lists bore sizes in increments of centime- 
ters, but intermediary sizes may be selected as well, such as 2.4cm 
or 9.lcm. 

3. Barrel Length Barrel length is usually expressed as a 
length in calibers. That is, a 2 cm gun with a barrel seventy calibers 
long would be (2x70=140) 140 centimeters long. Barrels may be of 
any length desired up to 100 calibers. As a general rule of thumb, 
howitzers tend to be about 30calibers long while high velocity guns 
tend to be about 60-70 calibers long. 

Thegun is usuallyidentified by its boresizein millimeters (cm x 10) 
followed by its length in calibers, either separated by a slash or the 
letter "L," as in "20/70" or "20L70." 

4. Fire Control: The type and tech level of fire control 
equipment must bespecified. Firecontrol equipment is available for 
directfire,indirectfre, and pointdefense.Agun mayhavemorethan 
one type. See Section 14. 

5. Mount:Agun is mounted eitheron a carriageordirectly 
on a vehicle. 

6. Options: A gun may have a gun shield if desired, which 
provides thecrew some protection against fragmentation and small 
arms fire from the front. At tech level 6 and above, a gun may have 
mechanical assistance for the loaders, which will speed reloading. 

7. Muzzle Energy The CPR Gun table (page 109) lists the 
muzzle energy, in megajoules (Mj), of each bore size gun assuming 
a barrel length of 60 calibers. For bore sizes which fall between those 
listed on the table, use interpolation to find the correct muzzle 
energy. 

For every caliber in length longer than 60, increase the muzzle 
energy by 1 %. 

For every caliber less than 60, reduce the muzzle energy by 2%, 
until the weapon reaches 20 calibers in length. For every caliber in 
length less than 20 calibers, reduce the muzzle energy by 1 %. 

When this calculation is completed, multiply the result by the tech 
level multiplier found on the CPR Gun Tech Level table below. 

CPR GUN TECH LEVEL 

1 

2 

3 

4 TL ME Ted, Mult. 

5 8 xl.4 

B. Weight 
Thecompleteweaponsystemweightisequaltotheweightof the 

gun itself, plus its fire control equipment, plus its carriage (unless 6 
vehicle-mounted), plus its gun shield (if any), plus its mechanical 
loader (if any). 

1. Gun Weight: Consult the CPR Gun table (page 109) 
and read the weapon weight (in tonnes). The weight on the table 7 
assumes a 60-caliber gun. Increase or decrease the weight by 1% 
for each caliber change in length up or down. A gun 25 calibers 
long, for example, is 35 calibers less than 60, and so would weighs 
(1 00-35=) 65% of the weight shown on the table. 

A20L70gun would weigh 1 1 O%oftheweightshown on thetable. 
Since the listed weight of a 2cm gun is 0.1 tonnes, the gun weighs 
0.1 1 tonnes, or 11 0 kilograms. 

Iftheboresizefalls between two boresizeson thetable, interpolate 9 
the correct value. 

systems are given in the Fire Control chapter (Section 14). 

tonnes, is its muzzle energy in megajoules divided by 2, but is never 
lea  than the weight of the gun itself. 

Vehicle-mounted guns do not require carriages, but the vehicle 
itself must weigh a t  least twice the required carriage weight 

4.CunShield:Theweightof agunshield intonnesisequal 
to 0.07 times the bore size in centimeters. 

5. Mechanical Loading Assistance: The weight of me- 
chanical loading assistance is equal to the gun weight x 0.1. 

6. Autoloaders: Autoloaders are available for vehicle- 
mounted weapons. These have a weight equal to 30 times the 
weight of a single round for the weapon. 

8 

2. Fire Control: The weights of the various fire control 

3. Carriage Weight: The carriage weight of a gun, in 10 
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C. Gun Crew 
The number of crewmen required to man a gun depends on its 

function and howitis mounted.Acrew normallyconsistsof agunner 
and several loaders. Indirect fire weapons usually include a gun 
commander as well. 

1.lndiredFire:Thecrew required toserveatowed (carriage- 
mounted) indired fire weapon is equal to its bore size in centimeters. 
Vehicle-mounted weapons require a crew half this size, rounding 
fractionsup, butneverIwthantwo.Vehicle-mountedweaponsequipped 
with autoloaders require a crew of only one (the gunner). 

2. Direct Fire: The crew required to serve a towed (car- 
riage-mounted) direct fire weapon is  equal to its bore size in 
centimeters divided by 3, rounding fractions up. Vehicle-mounted 
weapons require a crew half this size, rounding fractions up, but 
never less than two. Vehicle-mounted weapons equipped with 
autoloaders require a crew of only one (the gunner). 

D. Range 
Weapons have four direct fire ranges: short, medium, long, and 

extreme. If fitted with indirectfirecontrol equipment, they also have 
an indirect fire range. 

1. Direct Fire Range: Direct fire range is mostly a function 
of the muzzle velocity of a weapon, which is largely determined by 
its barrel length. A secondary consideration is the size of the round, 
as larger rounds lose velocity from drag more slowly than do smaller 
rounds. A tertiary consideration is the type of ammunition fired, as 
some ammunition is fired at lower muzzle velocities. 

Short direct fire range in meters for a CPR gun firing a kinetic 
penetrator round (AP, HVAP, APDS, etc.) is equal to the 5 times the 
sum of its boresize in centimeters plus its barrel length in calibers plus 

Hypervelocity smoothbore guns available a t  TL 7 and higher 
generate higher muzzle velocities with shorter barrel lengths. To 
reflect this, multiply range by the following TL modifiers: 

20. [R = 5 (B+L+20)] 

TL Modifier 
7 1.15 
8 1.3 

Short direct fire ranqe for all other types of rounds (HE, HEAP, 
APERS, etc.) is equal t i t he  above range'multiplied by 0.75. 

Note, however, that the type of direct fire gun sights mounted 
impose an upper limit on the short range of a direct fire weapon. 

2. Indirect Fire Range: To calculate indirect fire range in 
kilometers, multiply the square root of the weapon's bore (in 
centimeters) by its barrel length (in calibers) by 0.1 3. At each tech 
level above 4 of the gun, add 1 to barrel length for this calculation. 

For BB (base bleed) ammunition (see the Munitions chapter, 
beginning on page 139, multiply the range by 1.2. 

For RAP (rocket-assisted projectile) ammunition (also see the 
Munitions chapter, page 139, multiply the range by 1.5. 

E. Reloading 
The time the weapon requires to reload is a function of its muzzle 

energy and any mechanical assistance provided. The base number 
of five-second turns required to load a round is equal to its muzzle 
energy (in megajoules), rounding fractions to the nearest whole 
number (but always rounding fractional values less than 1 up to 1). 

Mechanical assistance provides a multiplier which has the effect of 
reducing the muzzle energy for purposes of this calculation, as 
shown on the Mechanical Loading Assistance table. 

MECHANICAL LOADING ASSISTANCE 
TL Multiidier 

. I  

I ./ 
8 .5 
9+ .3 

Note that autoloaders, if installed, do not increase this rate, but 
only allow loading crew to be dispensed with. 

F. Price 
The price of the weapon is equal to the sum of the price of its 

components. Fire control equipment costs as listed in the Fire 
Control chapter (Section 14). The prices of other components are 
determined by their weights and cost multipliers, as shown below. 

CornDonen t Cost Multialier 
Gun Tube 0.02 

Autoloader 0.01 

Cost Multiplier: Cost of each component in millions of credits is 
equal to its weight in tonnes (calculated earlier) times the appropri- 
ate cost multiplier. 

C. Set-Up 
All CPR guns must be set up before they can conduct indirect fire, 

and towed CPR guns must be set up before they can conduct any 
kind of fire. It takes longer to set up for indirect fire, given the need 
for precisesurveying and positioning, and towed weapons naturally 
take longer than self-propelled weapons. 

The time, in five-second combat turns, needed to set up a towed 
CPRgunforindirectfireisequal to thegun's bore sizein centimeters 
times 8 (round to the nearest whole number). 

The number of turns to set up a self-propelled gun for indirect fire 
is equal to its bore size in centimeters times 4. 

The number of turns to set up a towed gun for direct fire is equal 
to its bore size in centimeters times 4. 

Self-propelled indirect fire guns with land navigation systems of 
tech level 8 or higher (see the Controls chapter, Section 4) require 
even less time, equal to the gun's bore size in centimeters times 2. 

H. Volume 
The volume of CPR gun in cubic meters, for purposes of transpor- 

tation or mounting in a vehicle, is equal to its mass in tonnes. 

SPEClM CASES 

CPR guns. 
The following weapons are special cases or variants of standard 

1. Autocannon 
Autocannons are self-loading CPR guns which fire more than one 

round per combat tum, much like an overgrown machinegun. 
A. Specifications: The largest allowed bore size for an 

autocannon at tech level 4 is 2cm. Add 2cm to the largest allowed 
bore size for each tech level higher than 4. There are two additional 
specifications for autocannons: 



1. Action: An autocannon may have either a 
recoil-operated or an electric-operated action. Electric actions are 
not available until tech level 7. 

2. Number of Barrels: An autocannon may have 
from one to eight barrels. 

B. Weight:Theweightoftheweapons system includes the 
additional weight of its action, any additional barrels, and its 
magazine. A recoil-operated action weighs the same as a single- 
barre1gun.h electricactionweighs0.3 times theweightof a single- 
barrel gun. Every additional barrel in excessof one weighs 0.3 times 
the weight of a single-barrel gun. 

The carriage weight of the gun, in tonnes, is its muzzle energy in 
megajoules multiplied by the gun's rate of fire and then divided by 
4, but is never less than the weight of the gun itself. 

Vehicle-mounted autocannons do not require carriages, but the 
vehicle itself must weigh at least twice the required carriage weight. 

C. Crew: The crewof an autocannon is usuallyone, although 
additional crewmen may be present to assist in changing magazines. 

D. Price: Price is calculated the same as for a regular CPR 
gun.Thecostmultiplierfora recoil-operated action isO.003, and the 
cost multiplier or an electric action is 0.01. 

E. ROF: The base rate of fire per barrel is 40 divided by the 
bore diameter in centimeters. For multiple barrel guns, multiply this 
by number of barrels and divide by 2. 

F. Magaz1ne:Themagazine may beanysizedesired bythe 
player. The weight of the empty magazine is equal to the weight of 
all the rounds carried multiplied by 0.01. The price of an empty 
magazineinCrisequaltoitsweightin kilogramsmultiplied by5.The 
volume of a magazine in cubic meters is equal to the mass in tonnes 
of the rounds carried by the magazine + 2. 

C. Reload Time: Reload time to change the magazine, in 
completefiw-second turns, is equal tothe loaded weight of a magazine, 
intonnes,multiplied by1 0,roundingfractionsup.Thenumberof loaders 
needed is equal to the mass of a loaded magazine in tonnes multiplied 
by 10, rounding fractions to the nearest whole number. 

2. Mortars 
Mortars are a specialized category of CPR guns designed to be 

lightweight, low velocity, high-angle indirect fire weapons. They 
have no direct fire ability a t  all, and are usually drop-fired (that is, a 
round isdroppeddown themuzzleand strikes afixedfiring pin atthe 
bottom of the gun tube), eliminating the need for a heavy breach 
block. They are designed using the CPR gun design sequence with 
the following exceptions: 

A. Specifications: No mortar may be more than 20 calibers 
in length. Mortars never have gun shields or direct fire control. They 
may have mechanical loader assistance. 

B. Weight: Multiply gun weight by 0.6 and carriage 
weight by 0.3. 

C. Reloading: Halve the reloading time of the mortar, 
rounding fractions up. 

D. Set-Up: The indirect fire set-up time for the mortar is 
calculated as if it were its direct fire set-up time. Mortars do not 
engage in direct fire and so there is no direct fire set-up time. (Note 
that this means that mortars take half as long to come into action as 
indirect fire guns of the same bore size). 

3. Electrothermal-Chemical Guns 
Electrotherrnalthemical (ETC) guns are not technically CPR guns 

because their rounds are not "propelled by the expansion of gases 

in a chemical explosion." Instead, their rounds are propelled by a 
rapidly expanding high-temperature plasma. As a result, they are 
also called combustion-augmented plasma (CAP) guns. However, 
their design is otherwise so similar as to invite inclusion here as a 
special case of CPR guns. The only exceptions to the normal CPR 
design sequence are noted below. 

A. SpecifKations: ETCgunsareavailablefrom tech levd9on. 
They must be specified as ETC guns in the design sequence. Instead of 
using themunleenegytech multiplier onthe CPRCunTech Level table, 
multiply muzzle energy by 2.5, regardless of tech level. 

B. Electrical Input: ETC guns use an intense pulse of electrical 
energy to ignite the working fluid into plasma, so a source of pulsed 
energy must be provided. Multiply the ETC muzzle energy (from A 
above)by0.06tofind theamountofenegy,in megajoules, required per 
round fired. The weapon must have a capacitor/homopolar generator 
installed withthiscapacity(seePowerProduction, Section8).Theweight 
of the H f f i  becomes part of the total w g h t  of the weapon. 

Thegun also needs a power supply. Multiply the required energy 
per round fired in megajoules (this is equal to the capacity of the 
HPC) by the gun's rate of fire (for autocannons, in rounds per 5- 
second turn; forslower-firing weapons infractionsof rounds perfwe- 
second turn, e.g., one round every three turns equals 0.33 rounds 
per turn) to get megajoules required per turn. Divide this result by 
5. The result is the number of megawatts that must be allocated to 
the ETC gun from the vehicle's power plant. 

C. Weight: ForETCguns,carriageweightis munleenergy 
divided by 3. 

D. Range: For ETC guns, triple the indirect fire range. BB and 
RAP rounds may not be fired from electrothermal guns. 

CPR GUN TABLE 
Bore (an) Gun Weight (tonnes) Gun Muzzle Energy (Mi) 

9 1 4.9 .. 
10 1.2 6 
11 1.5 7.7 
12 2.1 9.3 
13 2.7 11.7 
14 3.3 . 15 
15 4 18.6 
16 4.5 23 
17 6 29 
18 7.5 36 
10 0 A1 a .  . 7. 

20 11 48 
55 
63 '- ~ 

21 13 
22 15 ' 

23 17 72 
24 19 83 
25 21 96 
30 30 150 

- -  . 

"1 

35 40 230 
-* 

_ _  _ _  - 
40 .̂ 50 350 
45 60 500 
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CHAPTER 4 
1 Mass Drivers 

Amassdriveris nothing morethan the electromagnetic equivalent 
of artillery. It is a gauss weapon with a bore of 2cm or more. This 
means that it is mounted on a vehicle or carriage instead of being 2 hand-held, and it means that it is often powered by a separate power 
plant instead of batteries in a magazine. But these difference 
notwithstanding, its basic operating principles are identical to those 
of a gauss rifle. 

A. Specifications 
The characteristics of mass drivers are determined by six specifications. 

In addition, the weapon's m u l e  energy and required power are used 4 through the rest of the design sequence and are calculated at this time. 
1. Tech Level: Select a tech level appropriate to the world 

where the gun was built Mass drivers may be built from tech level 8 on. 
2 Muzzle Velocw Muzzle velocity at tech level 8 is 3000 5 meterspersecond,andthisincreasesbylOOOrneterspersecondpertech 

3. Projectile: The projectile is defined by its diameter in 

6 The massof the projectileiscalculated using thefollowing formula: 

level until reaching a maximum of 6000 meters per second at TL 11. 

centimeters. This is also the bore of the weapon. 

Mp = (zP)+lO 
Mp: Mass of projectile in kilograms 
rc: 3.1 41 6 
r: Radius of the bore (bore diameter divided by 2) in centimeters 7 
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9 

10 

I 1  

4. Fire Control: The type and tech level of fire control 
equipment must be specified. Fire control equipment is available for 
direct fire, indirect fi re, and point def ense. Ag u n may have more than 
one type. See Section 14. 

5. Mount: Agun ismounted eitheronacarriageordirectly 
on a vehicle. 

6. Options: A gun may have a gun shield if desired, which 
provides the crew some protection againstfragmentation and small 
arms fire from the front. If vehicle-mounted, the gun may also have 
an autoloader. 

7. Muzzle Energy: Once the muzzle velocity and the 
projectile weight are known, the muzzle energy can be calculated 
using the following formula: 

Em = 0.0000005MVZ 
Em: Muzzle energy in megajoules 
M: Projectile mass in kilograms 
V: Muzzle velocity in meters per second 

8. Required Energy: The energy required to accelerate 
the projectile to the desired muzzle velocity is a function of the total 
generated muzzle energy and the efficiency of the weapon in 12 converting electrical power quickly to magnetic force (which is a 
function of tech level). The required energy (in joules) is equal to the 
weapon's muzzle energy multiplied by the weapon's tech level efficiency, 
as shown on the following table. 

13 

14 

16+ 1.4 

B. Weight 
The complete weapon system weight i s  equal to the weight of the 

gun itself, plus its homopolar generator, plus its fire control equip- 
ment, plus its carriage (unless vehicle-mounted), plus its gun shield 
(if any), plus its autolpader (if any). 

1. Gun Weight: The weight of the gun is determined by 
the following formula: 

wg = D240 
Wg: Weight of gun in metric tonnes 
D: Bore diameter in centimeters 

2. Homopolar Generator Weight: The efficiency by tech 
level of HPCs is shown in the Power Production chapter (Section 8). 
The mass driver requires an HPC with a capacityin megajoulesequal 
to the energy requirement of the gun. 

3. Fire Control: The weights of the various fire control 
systems are given in the Fire Control chapter (Section 14). 

4. Carriage Weight: The carriage weight of a gun, in 
tonnes, is its muzzle energy in megajoules divided by 4, but is never 
less than the weight of the gun itself. 

Vehicle-mounted guns do not require carriages, but the vehicle 
itself must weigh at least twice the required carriage weight. 

5. GunShie1d:Theweightofagunshield in tonnesisequal 
to 0.07 times the bore size in centimeters. 

6. Autoloader: The weight of the autoloader is equal to 30 
times the weight of a single round. 

C. Gun Crew 
The number of crewmen required to man a gun depends on its 

function and howitis mounted.Acrew normallyconsistsof agunner 
and several loaders. Indirect fire weapons usually include a gun 
commander as well. 

1. Indirect Fire: The crew required to serve a towed 
(carriage-mounted) indirect fire weapon is equal to its bore size in 
centimeters divided by 2, rounding fractions up. Vehicle-mounted 
weapons require a crew half this size, rounding fractiom up, but 
never less than two. Vehicle-mounted weapons equipped with 
autoloaders require a crew of only one (the gunner). 

2. Direct Fire: The crew required to serve a towed (car- 
riage-mounted) direct fire weapon is equal to its bore size divided by 
5, rounding fractions up. Vehicle-mounted weapons require a crew 
half thissize, rounding fractions up, but never less than two. Vehicle- 
mounted weapons equipped with autoloaders requirea crewofonly 
one (the gunner). 

D. Range 
Weapons have four direct fire ranges: short, medium, long, and 

extreme. If fitted with indirect firecontrol equipment, they also have 
an indirect fire range. 

1. Direct Fire Range: Direct fire range is mostly a function 
of the muulevelocityof a weapon. Asecondaryconsideration is the 
sizeof the round, as larger rounds losevelocityfrom drag moreslowly 
than do smaller rounds. A tertiary consideration is the type of ammu- 
nition fired, as some ammunition is fired at lower muzzle velocities. 

Short direct fire range in meters for a mass driier gun firing a kinetic 
penetrator round isequal tothesum of theborediameter(in centimeters) 
and the muzzle velocity (in meters per second) all multiplied by .015. 

Short direct fire range for all other types of rounds (HE, HEAP, 
APERS, etc.) is equal to the above range multiplied by 0.75. 

However, short range may not exceed the limit imposed by the 
installed direct fire sights (Fire Control chapter, Section 14). 



2. Indirect Fire Range: To calculate indirect fire range in 
kilometers, multiply the square root of the weapon's bore (in 
centimeters) by its muzzle velocity (in meters per second) by 0.004. 

E. Reloading 
The time in complete five-second combat turns the weapon 

requires to reload is a function of its projectile weight and any 
mechanical assistance provided. The base number of five-second 
turns required to load a round is equal to its projectile weight (in 
kilograms) divided by 2, rounding fractions to the nearest whole 
number. A mukof less than 0.5 (which roundsdawn too) indicatesthat 
a round can be reloaded in the same combat turn in which the weapon 
fires, leaving it capable of firing again in the next combat turn. 

If an autoloader is available, multiply projectile weight by 0.3 for 
purposes of this calculation. 

F. Power Requirement 
The amount of power required to operate a mass driver is based 

on its required energy, determined in step A, and its reload time, 
derived in step E immediately above. 

The reload time establishes the weapon's rate of fire. Add 1 to the 
reload time to find the number of turns required for each shot. (For 
example, a mass driver that requires two turns to reload fires on turn 
one, spends turns two and three reloading, and then fires again on 
turn four. Thus it fires once every three turns.) The lowest possible 
result is one turn. Take the rate of fire in combat turns and multiply 
by 5 to find the rate of fire in seconds required to fire each round. 

Now take the required energy in megajoules (from step A-8) and 
divideit bythe numberof seconds required to fire a round.The result 
is the required power (in megawatts) that must be supplied to the 
mass driver to allow it to operate. 

Pr = Er + S 
Pc Required power input (megawatts) 
0;. Required energy (megajoules) 
5: Number of seconds required for each shot 

C. Price 
Thepriceoftheweaponisequaltothepriceofitscomponents. Fire 

control equipment and homopolar generators cost as listed in the 
Power Production and Fire Control chapters (Sections 8 and 14, 
respectively). The prices of other components are determined by 
their weights and cost multipliers, as shown below. 

Comonent Cost Multidier . 
Gun Tube - . .. os 

Gun Shield 0.001 

Cost Multiplier: Cost of a component in millions of credits equals 
its mass in tonnes times the cost multiplier. 

H. Set-Up 
All guns must be set up before they can conduct indirect fire, and 

towed guns must be set up beforethey can conduct any kind of fire. 
It takes longer to set up for indirect fire, given the need for precise 
surveying and positioning, and towed weapons naturallytake longer 
than self-propelled weapons. 

The time,.in five-second combat turns, needed to set up a towed 
gun for indirectfire is equal to the gun's boresize in centimeters times 
8 (round to the nearest whole number). 

The number of turns to set up a self-propelled gun for indirect fire 
is equal to its bore size in centimeters times 4. 

The number of turns to set up a towed gun for direct fire is equal 
to its bore size in Centimeters times 4. 

Self-propelled indirect fire guns with land navigation systems of 
tech level 8 or higher (see the Controls chapter, Section 4) require 
even less time, equal to the gun's bore size in centimeters times 2. 

1. Volume 
The volume of a mass driver gun in cubic meters, for purposes of 

transportation or mounting in a vehicle, is equal to its mass in metric 
tonnes. 

Autocannon 
The following weapons constitute a special case or variant of 

standard mass driier guns. Autocannons are mass drivers which fire 
more than one round per combat turn, much like an overgrown 
machinegun. Procedures for autocannon design are the same as 
normal mass driver design, with the modifications below. 

A. Bore Size: The largest allowed bore size for an autocan- 
non at tech level 8 is 1 Ocm. Add 2cm to the largest allowed bore size 
for each tech level higher than 8. 

B. Weight The weight of the weapon system includes the 
normal weight of a weapon of that bore size plus the additional weight 
of itr automatic feed action and its magazine. 

The weapon's feed action is the loading mechanism which feeds 
additional rounds into the breach. Its weight is equal to the weight 
of a single projectile for the gun multiplied by 50. 

The carriage weight of the gun, in tonnes, is its munle energy in 
megajoules multiplied by the gun's rate of fire and then divided by 
4, but is never less than the weight of the gun itself. 

C. Crew The crew of an autocannon is usually one, 
although additional crewmen may be present to assist in changing 
magazines. 

D. Price: Price is calculated the same as for a regular mass 
driver gun. The cost multiplier for the feed action is 0.01. 

E. ROF: The base rate of fire per barrel is 50 divided by the 
bore diameter in centimeters. For single-barrel guns, this is the final 
ROF. For multiple-barrel guns, multiply this base rate by the number 
of barrels and divide by 2 to get the final ROF. 

F. Power Requirement: Take the autocannon's ROF determined 
immediately above and multiply it by the required energy per shot 
in megajoules.Thisyieldsthe total energyrequired percombatturn. 
Dividethis by5tofind itsconstant power requirementin megawatts. 

Pr = (ROF x Er) + 5 
Pc Required power input (megawatts) 
ROE Rate of fire per five-second combat turn 
Er: Required energy (megajoules) 

C. Magazine: The magazine may be any size desired by 
the player.Theweightoftheemptymagazineisequa1 totheweight 
of all the rounds carried multiplied by 0.01. The price of an empty 
magazineinCrisequaltoitsweightin kilogramsmultiplied by5.The 
volume of magazine in cubic meters is equal to the mass in tonnes 
of the rounds carried by the magazine + 5. 

H. Reload Time: Reload time to change the magazine, in 
complete five-second turns, is equal to the loaded weight of a 
magazine, in metric tonnes, multiplied by1 0, rounding fractions up. 

The number of loaders needed is equal to the mass of a loaded 
magazine in tonnes multiplied by 10, rounding fractions to the 
nearest whole number. 
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CHAPTER 5 
1 Particle Accelerator Weapons (PAWs) 

The first charged particle accelerators are available a t  tech level 8, 
with the more useful neutral particle beam weapons appearing one 
level later. Particle accelerators use powerful electrical and/or mag- 2 netic fields to accelerate ions or charged subatomic particles to 
relativistic speeds (close enough to the speed of light that the 
particles exhibita measurableincreasein masscompared to their rest 
mass). These same fields are used to focus these particles into 3 concentrated beams that retain their power density over long 
distances. Because neutral (chargeless) particles cannot be affected 
by electrical or magnetic fields, these particles must becharged while 
they are accelerated. However, they do not have to be charged after 4 thev leave the barrel of the accelerator. Neutral Darticles are created 
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by Laving a device (a screen of foil or gas, or a high-powered laser) 
that strips the extra electron from a negative ion (thus making a 
negative hydrogen ion into a neutral atom) as it passes out of the 
barrel, or adds an electron to a positive ion. (Note that neutral particle 
beam weapons do not fire neutrons, as there is no way to accelerate a 
neutron, nor could positive or negative charges be stripped away from 
neutrons without particle decay.) Charged particle beams are fired by 
simply allowing the charged particles to fly out toward the target. 

This is important, because charged particle accelerator weapons 
(C-PAWS) propagate fairly well through atmospheres (where the 
flow of like charges in the same direction behaves like an electrical 
current and generates a magnetic field around itself that ”pinches” 
the beam together), but effectively disintegrate in vacuum, where 
thelikechargesin thebeam repeleachother,destroying beam focus 
and integrity. On the other hand, neutral particle accelerator weap 
ons (N-PAWS) perform flawlessly in space, as the neutral atoms 
proceed unperturbed by magnetic or electrical fields. In atmo- 
spheres, however, the N-PAW beam breaks up rapidly, as there is  no 
electrical current to provide coherence, and the atmosphere ionizes, 
absorbs, and otherwise degrades the particle beam. Thus, N-PAWS 
are the space weapons and C-PAWS are the ground weapons. But 
because a neutral particle beam weapon can produce charged 
particle beams simply by disengaging its particle neutralizer, the N- 
PAW is effectively a dual-purpose weapon, as it can be set to fire 
beams appropriate to either environment. PAWs intended purelyfor 
ground use can forego the needless expense of the particle neutral- 
izer and are therefore single-use weapons. 

Dual-purpose or not, however, particle accelerators have a prob- 
lem with planetary bombardment. A ship firing a C-PAW from 
outside of an atmospheric envelope will find that the beam severely 
scatters before it enters the atmosphere, often 50 badly that it does 
not have enough coherence to create its self-pinching tunnel. Ships 
with dual-purpose particle weapons must often enter the atmo- 
sphere in order to fire C-PAWS a t  surface targets. 

Although particle accelerators can be curved (typical modern 
particle accelerators used for research are huge rings), for military 
purposes, curved particle accelerators are inefficient because of the 
need to keep the particles moving in a circular path (i.e., constantly 
adding transverse acceleration to keep them in a curving path). Not 
only does this waste energy that could be spent to increase linear 1 4 acceleration, but such designs are far more vulnerable to damage 
than linear designs. While the loss of power to an accelerator coil in a 
linear design would decrease overall acceleration, loss of an accelerator 
coilinaringdesgnwould resultinparticlesleavingthecircularpath.Thus, 
combat particle accelerators are linear accelerators, built as long tubes. 

Because of the need for a long straight run to properly accelerate 
and aim the pulses of particles, a particle accelerator must be long 
and straight in order to be most effective. 

PARTIC LE ACCELERATOR 
WEAPON SYSTEM DESIGN 
1. ACCELERATVR TUNNEL LENGTH 

Tunnel length aboard shipisdefined bythetypeof installation and 
the sizeof the ship the gun is to befitted to. Ground mounted PAWs 
can be built to any length desired, within normal cost, facility, and 
power constraints. 

Spaceship installations areof three types: spinal, parallel, and bay. 

1A. Spinal Mounts 
As the name implies, a spinal mount gun serves as the central 

internal-strength member of the entire ship. The gun defines the 
longitudinal axisof theship, as well as its axisof mass and thrust. The 
length of a spinal mount is equal to the length of theship (in meters) 
as defined during the spacecraft hull design step. Spacecraftwith an 
open frame hull form may not have a spinal mount. 

The spinal mount can be installed to fire either dead ahead (this 
is the standard configuration) or dead astern (called the “stern 
chaser” configuration). Its arc of fire is therefore either 1 or 5 (see 
Spacecraft Design Evaluation, page 16). 

Each ship may have only one spinal weapons mount The one 
exceptiontothisisthesota1led”Janus” mount, in which twospinalguns 
are installed in the spinal tube butted against each other, one pointing 
forward and one astem, where each is half the total length of the ship. 

Parallel mounts, likespinal mounts, are mounted directlyfore and 
aft, parallel to the ship’s spine. Unlike spinal mounts, there can be 
more than one per ship. 

The length of a parallel mount is 0.8 times the length of the ship 
in meters. They may be installed to fire either directly forward into 
fire arc 1, or dead astern into fire arc 5. 

Ships with a sphere hull form may make a slightly different use of 
parallel mounts. Rather than being restricted to mounting parallel 
mounts along the fore-and-aft axis, a sphere‘s dimension allows the 
installation of parallel mounts athwartships, firing broadside, or at 
any other angle off of the centerline. These mounts are designed just 
as normal parallel mounts, but may be installed to fire into any one 
arc of fire, not just 1 or 5. 

1B. Parallel Mounts 

1C. Bay Mounts 
PAWs may also be mounted in bays set into the hull surface. There 

is no limit to the number of bays that can befitted to a ship, beyond 
the normal limits of hull surface area, mass, and volume. 

A bay may be constructed to any size desired, although the most 
popular are the 50-ton (700 cubic meters) and 1 00-ton (1400 cubic 
meter) bays. A bay’s dimensions are calculated as follows: 

Each bay has a single long dimension and two shorterdimensions. 
The long dimension, in meters, is found by taking the bay’s volume 
in cubic meters, extracting the cube root, multiplying by 1.4, and 
rounding to the nearest whole number. 

1 . 4 m  
Divide the bay’s total volume in cubic meters by the long 

dimension, and extract the square root of this result, rounding to the 
nearest 0.5 meters.This is the approximate length of the bay’s short 
dimensions. Multiply the long dimension by the short dimension to 
get the surface area of the bay in square meters. 
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STANDARD BAYS AND THEIR DIMENSIONS 
Size Cubic Meters long Dim. Short Dim. Surface Area 

100ton 1400 16 m 9.5 m 150.4 m2 

The length of the accelerator tunnel is the long dimension of the bay. 

2. ACCELERATOR TUNNEL 
CROSS-SECTlVNAL AREA 

Accelerator performance is  also dependent on its cross-sectional 
area, i.e., the spacewithin which the electromagneticcoils bend and 
focus the paths of the particles. The cross-sectional area is also called 
the tunnel's focal area. Like laser beams, particle beams can be more 
tightly focused by larger focal areas. 

Define the diameter of the accelerator tunnel in meters, and find 
its surface area based on this number, using the formula 

Area (square meters) = R P 
where r (meters) = diameter .e 2, and n = 3.141 6 
Limits to tunnel diameter include total space available to the PAW 

(bay-mounted PAWS must fit completely within the volume of the 
bay), and the length of the tunnel. Tunnel diameter may not be 
greater than actual tunnel length times 0.125. 

3. DlSCHARGE ENERGY 
Specify the amountof output energythatwill be fired in each shot 

(discharge energy, abbreviated DE) in megajoules (Mj). The greater 
the discharge energy, the greater the damage of each shot, and the 
greater the final size of the particle accelerator installation. 

The maximum discharge energy is limited by the length of the 
accelerator tunnel. DE in Mj cannot be greater than the square of 
tunnel length in meters. 

4 ACCELERATOR TUNNEL 
CHARACTERlSTlCS 

Find effective tunnel length, effective focal area, tunnel volume, 
tunnel mass, and tunnel price based on tunnel length in meters, 
discharge energy, and the table below. The table shows the tunnel 
length multiplier, focal area multiplier, and mass multiplier by tech level. 

The column for C-PAWS is for single-purpose, charged-particle 
onlyweapons; N-PAWS is for dual-purpose, neutrakharged particle 
beam weapons. 

ACCELERATOR TUNNEL CHARACTERISTICS 
FA Multiplier 

T l  length Multiplier C-PAW N-PAW Mass Multiplier 

9 0.1 4 1 1 1.0 

11 0.2 3 2 0.75 

13 0.3 4 3 0.75 

4A. Tunnel Effective Length 
The effective length (meters) of the accelerator tunnel increases 

with tech level and is used in calculating range performance below. 
Effectbe Length = actual tunnel length (meters)xlength multiplier 

4B. Effective Focal Area 
The effective area (square meters) of the tunnel focal area (same 

as its cross-sectional area) increases with tech level and is also used 
in calculating range performance below. 

Effective Focal Area (square meters) = actual cross-sectional area 
(in square meters, from Step 2 above) x FA multiplier appropriate to 
type of PAW. 

4C. Tunnel Volume 

cross-sectional area (square meters) from Step 2. 
Tunnel Volume (cubic meters) = actual length (meters) x actual 

4D. Tunnel Mass 
Tunnel Mass (tonnes) = tunnel volume (cubic meters) x mass 

multiplier. 

4E. Tunnel Price 
Tunnel price depends on whether the weapon is an N-PAW (dual- 

purpose, neutralkharged beam capable) or single-purpose C-PAW. 
C-PAW Tunnel Price (MCr) = tunnel volume (cubic meters) x 0.09 

a t  all tech levels. 
N-PAW Tunnel Priie (MCr) =tunnel volume (cubic meters) x 0.1 

at all tech levels. 
Tunnel priceiscalculated afteranyincreasein sizedueto high rates 

of fire (Step 8C, below) 

5. PERFORMANCE 
The effective range (range at which energy delivered on target is 

equal to discharge energy) in kilometers is equal to the effective 
tunnel length (meters) x effective focal area x 1000. 

Beyond this range, the beam's performance drops due to the 
gradual expansion of beam width over distance which results in the 
lowering of beam intensity per unit area of the beam's "footprint." 

For spacecombat range in hexeshnge bands, divide this result by 
30,000. It is usually best to drop fractions in order to find the range 
best suited for the weapon's short range. However, these may be 
rounded up to the higher value if thedesigner is prepared to accept 
the potential drop in damage performance due to the higher range 
(see Step 7B, below). 

5A. Atmospheric Performance 
All partkle beam energy is eventually absorbed by planetary 

atmospheres. The effective range defined above is the acceleratot's 
theoretical effective range. For neutral particle beams, this theoreti- 
cal effective range is achieved in vacuum: in space or on the surface 
of airlessworlds. Forcharged particle beams, thistheoreticaleffective 
range can never be reached; C-PAWS have their effective range 
modified for fire in vacuum as well as in atmospheres. 

When the accelerator is to be used within atmospheres, the 
following modifications must be made to its effective range, which 
controls its damage performance. Although theoretically a PAW 
might be rated for its performance in all potential atmospheres, in 
practice it need only be rated for the environment for which it was 
originally intended, for example the atmosphere of the world on 
which it was designed, or in vacuum for a starship N-PAW. 
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Effective range as adjusted by atmosphere can be used in different 
ways according to the purposes of the designer. If the accelerator is 
a C-PAW intended for use in an atmosphere, the atmosphere 
adjusted effective range should probably be used when choosing a 
beam pointer (Step 6, immediately following). If it is an N-PAW 
intended for space combat, its unadjusted effective range should be 
used to choose the beam pointer. 

Planetary Bombardment: This is a specific application of the 
atmospheric modifierrules.This is notcalculated in advancefor each 
particle weapon, but is calculated separately each time it is done. 

First find the range to the world being bombarded, in hexes. 
Planetary bombardments from the same hex are given a default 
value of 0.5 hexes. Divide this range by the atmosphere modifier 
appropriate to the atmosphere type and PAW type from the table 
above. The result is the equivalent range in hexes to a target on the 
planetary surface, called the atmosphere aqusted range. Use this 
range to find the proper range band of the PAWs rated range 
performance. If the range falls between two range bands, use the 
higher band. This gives the weapon's damage performance. Diffi- 
cultyof the firing task is still calculated according to the actual range. 

If the adjusted range falls beyond the PAWS extreme range, use the 
PAWseffectiverangealongwiththeproceduredefinedin Step7Bbelow 
to determine if the PAW has any damage performance left at that range. 

If the target is an aircraft or spacecraft flying a t  high altitude, cut 
this final atmosphere adjusted range in half. 

5B. Magnetic Fields 
Charged particle beams also run into difficulties when fired at, on, 

and around worlds that possess a magnetic field. All firing tasks are 
one difficulty level higher. 

6. DEFlNE SHORT RANGE 
Select a beam pointer from the Beam Pointer table (Fire Control 

chapter, Section 14) based on the PAW'S tech level and the range 
performance desired. Note that range is given in kilometers and 
30,000-km hexeshange bands for spacecombat. The listed range in 
km/hexes will be the weapon's short range for purposes of com bat. 

Whenever possible, the beam pointer rangeshould beequal tothe 
weapon's effective range to take full advantageof its range-intensity 
performance. If the beam pointer range is less than the effective 
range, the PAW will not have the maximum possible hit probability 
out to its maximum beam intensity (although the absolute upper 
limit of beam pointer short range is 300,000 km/l 0 hexes). If the 
beam pointer range is longer than the effective range, the PAWwill 
not deliver its maximum damage performance at i t s  best hit prob- 
ability. However, these decisions are up to the designer. 

When a particle accelerator has i ts performance adjusted for 
atmosphere, remember that its atmosphere-adjusted ranges are for 
purposes of damage calculation only. Its short range (and medium, 
long, and extreme ranges which are derived from it) based on 
installed beam pointers are still used for resolving hits. 

7. COM@AT RATlNGS 

7A. Combat Range Bands 
All com bat ranges are based on the PAW'S short range, established 

in Step 6. For planet-bound C-PAWS, these ranges should be 
expressed in kilometers; for spacebased N-PAWS, these ranges 
should be expressed in starshipcombat hexes/range bands in whole 
numbers. 

Medium range = Short range x 2 
Long range = Short range x 4 
Extreme range = Short range x 8 

7B. Damage Value 
Define the particle acceleratot's damage characteristics at its 

Particle accelerators do damage to enemy targets based on their 

where I is the weapon's intensity (units for intensity are MJ per 
square centimeter) at that range. Intensity is derived as follows: 

For each of the four range bands, divide that range band's actual 
range (from 7A, in kilometers or hexes, as appropriate to the typeof 
weapon) by the PAW'S effective range (in thesame units)from Step 
5. Round this result to the nearest 0.01. This figure is used as R in the 
next formula: 

short, medium, long, and extreme range bands. 

penetration value (PV). 
W=5K 

I = DE (1 + R 3  
where 
DE is discharge energy from Step 3 above. 

8. POWER REQUlREMENTS 

8A. Input Energy 
Particle accelerators have a 20% energy efficiency, meaning that 

of the energy put into each shot, 20% is projected toward the enemy 
in the form of the particle beam. The remaining 80% is spent 
ionizing, accelerating, and magnetically aiming, and in N-PAWS, 
neutralizing, the particles. 

Find input energy in MJ according to this formula: 
Input Energy (IE) = Discharge Energy (DE) + 0.2 

8B. Homopolar Generator 
A particle accelerator requires a homopolar generator (HPC) to 

store the energy required for each shot until that energy is ready to 
be expended as a pu Ise. The H PC's vol u m e is ca Icu lated by m ulti pl yi ng 
the accelerator's input energy (IE) in MJ determined above by the 
value on the HPC table in the Power Production chapter (Section 8). 

8C. Rate of Fire 
Select the PAW'S rate of fire (ROF). 
Space Combat: N-PAWS, intended to be used for space combat, 

must have an ROF of a t  least 10 shots per 30-minute space combat 
turn. Higher rates gain reductions in difficulty level according to the 
table below. Due to the tremendous energies generated by each 
shot, which must be dissipated during the cooling/purge cycle, the 
maximum ROF of a standard particle accelerator is 100 shots per 30- 
minute turn. Rates of fire above this level require that the PAW be 
"beefed up" to stand up to the higher usage rate. Theamountofthis 
beefing up is exprewd on the following table as a multiplier to the the 
PAWs volume. This increase in volumedoes not change its tunnel c m -  
sectional area or effective focal area, but does affect its weight and price. 

To convert space to planetary ROFs, divide thespace combat ROF 
per 30 minutes by 360. Take the inverse (i.e., divide 1 by that 
number), and round fractions up. The result is the number of five- 



second combat turns required for each shot. Express this number as 
afraction, i.e.,oneshoteveryfive turnsis l/s,oneshotevery36 turns 
is '/M, etc. Because th i s  conversion system results in distortion of total 
numberofshotsduetorounding, thisconverted ROF must never be 
used when calculating power input Theoriginal spacecombat ROF 
must always be used when rating a space combat meson gun. 

Diff Mods on the following table apply to space combat only, not 
ground combat. 

RATE OF FIRE BENEFITS IN SPACE COMBAT 
Space Combat ROF Benefit Ground Combat ROF 

(Shots per (In Diff Mods (Shots per 
30-minute turn) to Fire Task) Vol Mod 5-second turn) 

800 -5 Difficulty levels x2.2 2 

*There is no penaltyforfiring a particle accelerator at one of these 
higher power levels if it is mounted in a vehicle or starship which is 
designed from the outset to provide sufficient power for the higher 
ROF (50or 100shots). However, PAWswhich were notinstalled with 
the higher power levels may fire at  these levels if sufficient power is 
madeavailable bydiverting itfrom othersystems. However, because 
of the extra strain this places on power couplings, HPCs, etc., an 
Engineering taskmustberolled each turn thisisattempted (roll using 
crew quality). The difficulty level is Difficult if the ROF is raised one 
step (from 10 to 50 or from 50 to 100) over the installed power 
allocation,orFormidableifraised twosteps(l0 to100). Failureatthis 
roll indicates a System Reset result (see the TNE Space Combat 
chapter, or Brilliant Lances: Traveller Starshlp Combat), with the 
additional penalty that the PAW may not fire on the current turn. 
Catastrophic Failure indicates more severe damage. Roll 1 D l  0: 1-5 
indicates a Degraded Performance result in addition to System Reset, 
6-1 0 indicates a Major Hit on the particle accelerator. 

PAWs may only fire a t  the 200+ ROFs if they are designed as such 
with beefed-up focal arrays. 

Planetary Combat: ROF for planetary combat C-PAWS is defined 
in terms of five-second planetarycombat turns. The maximum rate 
of fire for planetary combat is one shot every fourth turn (expressed 
as l/4), due to the need for a cooling cycle following each shot. 

8D. Power Input 
Power input in megawatts (MW) is calculated differentlyfor space 

combat and planetary combat purposes. Although they are calcu- 
lated differently, spaceand planetarycombatpowerinputvalues are 
absolute values, as they are both based on MW input per second. 
However, becareful to makethesecalculations based on the trueROF 
for the accelerator, based on its primary environment: space or 
planetary combat. Do not use ROFs converted from one system to 
the other, as the rounding involved distorts the numbers. 

SpaceCombat(Neutral) PAWs: Multiply ROF per 30 minutes times 
inputenergy(1E)from Step 7A.This is the total numberof megajoules 
needed over the course of a 30-minute turn. Divide this result by 
1800 to find the MWof power that must be allocated to operate the 
weapon. 

Planetary Combat (Charged) PAWs: Multiply ROF times input 
energy (IE) from Step 7A. This is the total number of megajoules 
consumed bythe weapon each five-second turn. Divide this result by 
5 to find the MW of power that must be allocated to operate the 
weapon. 

9. GUN CREW AND WORKSTATlUNS 
All particle accelerators must becrewed according to thefollowing 

formula: 
Crew = (Tunnel Volume + 100) x CP 

CP: Computer multiplier based on tech level of cowputer installed 
aboard ship/hooked up toground-based PAW. SeeComputerstable 
in the Controls chapter (Section 4). 

Roundtothenearestwholenumber, butresultsoflessthan 1 must 
always be rounded up to 1. 

Each crewmember must have a gunner's (normal) workstation 
installed with characteristics obtained from the Controls Chapter 
(Section 4). 

10. PARTlCLE ACCELERATOR 
CARRlAGE, MOUNT, ETC. 

If theacceleratoris a starship- orvehicle-mounted N-PAW,skipthis 
step. If it is a C-PAW intended for use as a towed weapon, calculate 
the size of its carriage, mount, etc. A towed carriage has the same 
mass as the C-PAWS mounted on it. The PAW must include its HPC, 
but may be plugged in to a power source at i ts  destination. 

Carriage-mounted PAWs have an all-around armor value of 1 .This 
can be increased by enclosing the PAW and its supporting equip 
ment in a "hull" (cylinder hull form) with a certain thickness of armor 
according to the vehicle or spacecraft design rules. As this armor 
increasesthe massof thePAW, itwill increase the massof thecarriage 
as well. 

The price of the carriage, in MCr, i s  equal to its mass in tonnes 
multiplied by 0.002. 

11. PARTlCLE ACCELERATOR 
PHySlCAL CIIARACTERlSTlCS 

following total figures for the gun. 
Add up or bring down the above components to obtain the 

11A. Volume 
In cubic meters. Add tunnel volume, beam pointer volume, HPC 

volume, gunner's workstation volume, carriage volume (if any). 

11 B. Mass 
In tonnes. Add tunnel mass, beam pointer mass, HPC mass, 

gunner's workstation mass, carriage mass (if any). 

11 C. Price 

workstation price, carriage price (if any). 

11 D. Power Requirements 

11E. Length 

11 F. Surface Area 

In MCr. Add tunnel price, beam pointer price, HPC price, gunner's 

In MW. Carry down from Step 8D above. 

Actual tunnel length in meters. Carry down from Step 1 above. 

Surface area for a spinal mount is equal to the tunnel cross- 
sectional area times 2. Surface area for a bay-mounted PAW is equal 
to the bay's surface area. 

11 C. Combat Performance 
Shortrange, medium range, long range, and extreme rangein km 

and/or space combat hexes, plus damage values a t  those ranges, 
along with ROF, listing any difficulty modifiers as applicable. Carry 
down from Steps 7 and 8C. 
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CHAPTER 6 
1 MesonCuns 

Meson guns are an extremely advanced form of particle 
acceleratorthatbecomesavailableatTL 11. Like particleaccelera- 
tors, the meson gun accelerates charged subatomic particles to 2 very high velocities, but unlike simple particle accelerators, the 
meson gun does not simply fire these particles at enemy targets. 
Instead, the high-velocity particles are made to collide, creating 
in the process another particle, a meson (mesons are the sub- 3 atomic particles that transmit the strong nuclear force within the 
atomic nucleus). By carefully aiming the colliding particles, the 
direction and velocity of the resulting mesons can be controlled. 

Mesons do not interact with matter, and therefore follow a 
4 perfectly straight path, passing through all obstacles. However, 

the meson has a very short life span, and soon explosively decays, 
producing radiation and damaging particles. By accelerating a 
meson to relativistic speeds, its subjective passage of time is 5 slowed, and its decay is delayed. By controlling the precise 
velocity of a meson, its decay can therefore be timed to take place 
at a certain distance, ideally inside an enemy ship, whose armor 
is completely useless. 6 Because of the need to accelerate the primary particles that 
produce the meson, and to control their speed and trajectory so 
that the mesons are emitted in the proper direction and a t  the 
correct velocity, a meson gun must be extremely long and 

MESON GUN DESIGN 

7 straight in order to be most effective. 

8 1. MESON TUNNEL LENGTH 
Tunnel length aboard ship is defined by the type of installation 

andthesizeoftheshipthegun istobefitted to.Cround-mounted 9 meson guns can be built to any length desired, within normal 
cost, facility, and power constraints. 

Spaceship installations are of three types: spinal, parallel, and 
bay. 

1A. Spinal Mounts 
As the name implies, a spinal mount meson gun serves as the 

central internal-strength member of the entire ship. The gun 1 1 defines the longitudinal axis of the ship, as well as its axis of mass 
and thrust. The length of a spinal mount is equal to the length of 
the ship (in meters) as defined during the spacecraft hull design 
step. Spacecraft with an open frame hull form may not have a 

The spinal mount can be installed to fire either dead ahead (this 
is the standard configuration) or dead astern (called the "stern 
chaser" configuration). Its arc of fire is therefore either 1 or 5 (see 

Each ship may have only one spinal weapons mount. The one 
exception to this is the so-called "Janus" mount, in which two 
spinal guns are installed in the spinal tube butted against each 1 4 other, one pointingfolwardandoneastern,whereeach is halfthe 
total length of the ship. 

1 2 spinal mount. 

1 3 Spacecraft Design Evaluation, page 16). 

1B. Parallel Mounts 
Parallel mounts, like spinal mounts, are mounted directly fore 

and aft, parallel to the ship's spine. Unlike spinal mounts, there 
can be more than one per ship. 

The length ofa parallel mount is 0.8 times the length ofthe ship 
in meters. They may be installed to fire either directlyforward into 
fire arc 1, or dead astern into fire arc 5. 

Ships with a sphere hull form may make a slightlydifferent use 
of parallel mounts. Rather than being restricted to mounting 
parallel mounts along the fore-and-aft axis, a sphere's dimension 
allows the installation of parallel mounts athwartships, firing 
broadside, or at any other angle off of the centerline. These 
mounts are designed just as normal parallel mounts, but may be 
installed to fire into any one arc of fire, not just 1 or 5. 

1C. Bay Mounts 
Meson guns may also be mounted in bays set into the hull 

surface. There is no limit to the number of meson gun bays that 
can be fitted to a ship, beyond the normal limits of hull surface 
area, mass, and volume. 

A bay may be constructed to any size desired, although the 
most popular are the 50-ton (700 cubic meters) and 100-ton 
(1400 cubic meter) bays. A bay's dimensions are calculated as 
follows. 

Each bay has a single long dimension and two shorter dimen- 
sions. The long dimension, in meters, is found by taking the bay's 
volume in cubic meters, extracting the cube root, multiplying by 
1.4, and rounding to the nearest whole number. 

1.4 
Divide the bay's total volume in cubic meters by the long 

dimension, and extract the square root of this result, rounding to 
the nearest05 meters. This is theapproximate length of the bay's 
short dimensions. Multiply the long dimension by the short 
dimension to get the surface area of the bay in square meters. 

STANDARD BAYS AND THEIR DIMENSIONS 
Size Cubic Meters Long Dim. Short Dim. Surface Area 

100 ton 1400 16 m 9.5 m 150.4 m2 

The length of the meson gun tunnel is the long dimension of 
the bay. 

2. DlSCHARGE ENERGY 
Specify the amount of output energy that will be fired in each 

shot (discharge energy, abbreviated DE) in megajoules (Mj). The 
greater the discharge energy, the greater the damage of each shot, 
and the greater the final size of the meson gun. 

There is no inherent limit to the amount of discharge power, 
other than power supply requirements, size of ship, etc. 
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3. MESON TUNNEL 
CHARACTERlSTlCS 

Find effective tunnel length, tunnel volume, tunnel mass, and 
tunnel price based on tunnel length in meters, discharge energy, 
and the table below. 

MESON TUNNEL CHARACTERISTICS 
TL Length Multiplier Vol Multiplier Mass Multiplier 

24 2.0 0.001 0.1 

3A. Tunnel Effective Length 
The effective length (meters) of the tunnel used in calculating 

Effective Length = actual tunnel length (meters) x length 
range performance below 

multiplier 

3B. Tunnel Volume 

discharge energy x volume multiplier 
Tunnel Volume (cubic meters) = actual length (meters) x 

3C. Tunnel Cross-Sectional Area 
Cross-sectional area in square meters isequal to tunnel volume 

divided by actual tunnel length. 

3D. Tunnel Mass 

multiplier 
Tunnel Mass (tonnes) = tunnel volume (cubic meters) x mass 

3E. Tunnel Price 

tech levels 
Tunnel Price (MCr) = tunnel volume (cubic meters) x 0.1 at  all 

L& PERFORMANCE 
The effective range (rangeatwhich energy delivered on target 

is equal to discharge energy) in kilometers is equal to the meson 
gun’s effective tunnel length x 1000. Beyond this range, the 
beam’s power drops due to dissipation of intensity and uncon- 
trolled meson decay. 

To find space combat range in hexedrange bands, divide this 
result by 30,000. 

5. DEFlNE SHORT RANGE 
Select a beam pointer from the Beam Pointer table in the Fire 

Control chapter (Section 14) based on the gun’s tech level and 
the range performance desired. Note that range is given in 
kilometers and 30,000-km hexedrange bands for space combat. 
The listed range in km/hexes will be the gun’s short range for 
purposes of combat. Whenever possible, the beam pointer range 
should be equal to thegun’seffectiw range to take full advantage 
of the gun’s range-intensity performance. 

6. COMBAT RATlNGS 

6A. Combat Range Bands 
All combat ranges are based on the gun‘s short range. 
Medium range = Short range x 2 
Long range = Short range x 4 
Extreme range = Short range x 8 
Note: Meson guns have a maximum range in thousands of 

kilometers of 8.5 times their effective tunnel length. If a meson 
gun’s short range is selected in such a way that its extreme range 
isinexcessof thismaximum figure, the gun hasnoextreme range 
band, and is unable to fire at any targets beyond its long range. 

6B. Damage Value 

short, medium, long, and extreme range bands. 

damage value (DV). 

Define the particle accelerator’s damage characteristics at its 

Meson guns do damage to enemy targets based on their 

DV = S$ 

where I is the weapon‘s intensity at  that range. Intensity is 
derived by the formula 

I = DE-i-(R+EL)’ 

where 
DE is discharge energy from Step 2 above 
R is range (short, medium, long, or extreme, as defined in 7A 

above) in 1000s of kilometers 
EL is the effective length of the meson tunnel from Step 3A 

above 
.Note that the term (R+ELY should be rounded to the nearest 

0.5 (e.g., 1.24 = 1, 1.25 = 1.5) before dividing DE, with a 
minimum result of 1. 

Calculate DV for short, medium, long, and extreme range. 
The short range in hexes for space combat meson guns will 
often fall between two whole numbervalues. Designers should 
try calculating intensity for both these hexes before selecting 
the beam pointer, above, because if (R+ELY for the farther hex 
is between 1 and 1.24, effective range will round up to that hex. 
Note that this rounding may result in the loss of the extreme 
range band. Compare the longer short range in hexes x 8 to 
(effective length x 8.5) c 30 to see if this is the case. 
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7. POWER REQUlREMENTS 

1 7A. Input Energy 
Meson guns have a ZO%energyefficiency, meaning that of the 

energy put into each shot, 20% is projected toward the enemy 
in the form of mesons as discharge energy. The remaining 80% 2 is spent creating, accelerating, and magnetically aiming the 
subatomic particles. 

Find input energy in Mj according to this formula: 
Input Energy (I€) = Discharge Energy (DE) t 0.2 

7B. Homopolar Generator 
A meson gun requires a homopolar generator (HPC) to store 

the energy required for each shot until that energy is ready to be 4 expended as a single pulse. The HPC‘s volume is calculated by 
multiplying the gun‘s input energy (IE) in Mj determined above 
by the value on the HPC table in the Power Production chapter 

7C. Rate of Fire 

3 

Select the meson gun’s rate of fire (ROF). 
Space Combat: Any meson gun intended to be used forspace 6 combat must have an ROF of a t  least 10 shots per 30-minute 

space combat turn. Higher rates gain the gun reductions in 
difficulty level according to the table below. Due to the tremen- 
dous energies generated by each shot, which must be dissipated 7 during the cooling purge cycle, the maximum ROF of a meson 
gun is 100 shots per 30-minute turn. 

Diff Mods on the followin- . Xble apply to space combat only, 
not ground combat. 

RATE OF FIRE BENEFITS IN SPACE COMBAT 

8 
Space Combat ROF Benefit Ground Combat ROF 

(Shots per (In Difficulty Modifiers (Shots per 9 30-minute turn) to Fire Task) S-SKOnd tUm) 

50* -1 Difficultv levels l a  
. I  - , *  . 10 ” ’- ?loo* ’ -2 Difficul& levels ‘I4 

“There is no penalty for firing a meson gun at one of these 
higher power levels if it is mounted in a vehicle or starship which 1 1 is designed from the outset to provide sufficient power for the 
higher ROF (50 or 100 shots). Nonetheless, meson guns which 
were not installed with the higher power levels may fire a t  these 
levels if sufficient power is made available by diverting it from 1 2 other systems. However, because of the extra strain this places on 
power couplings, HPCs, etc., an Engineering task must be rolled 
each turn this is attempted (roll using crew quality). The difficulty 
level is Difficult if the ROF is raised one step(from 1 0 to 50 or from 1 3 50 to 100) over the installed power allocation, or Formidable if 
raised two steps (1 0 to 100). Failure at this roll indicates a System 
Reset result (see the TNE Space Combat chapter, or Brilliant 
Lances: Traveller Starship Combat), with the additional penalty 1 4 thatthemeson gun may notfireon thecurrentturn. Catastrophic 
Failure indicates more severe damage. Roll 1 D10: 1-5 indicates a 
Degraded Performance result in addition to System Reset, 6-1 0 
indicates a Major Hit on the meson gun. 

Planetary CombakTo convert space to planetary ROFs, divide 
the space combat ROF per 30 minutes by 360. Take the inverse 
(i.e., divide 1 by that number), and round fractions up. The result 
is the numberof five-second combat turns required foreach shot. 
Express this number as a fraction, i.e., one shot every five tums is 
’Is, one shot every 36 turns is ’136, etc. Because this conversion 
system results in distortion of total number of shots due to 
rounding, this converted ROF must never be used when calculat- 
ing power input The original space combat ROF must always be 
used when rating a space combat meson gun. 

ROF for planetary combat is defined in terms of five-second 
planetary combat turns. The maximum rate of fire for planetary 
combat is one shot every fourth turn (expressed as ’14, due to the 
need for a cooling cycle following each shot. 

7D. Power Input 
Power input in megawatts (MW) is  calculated differently for 

spacecombatand planetarycombatmeson guns. Although they 
are calculated differently, space and planetary combat power 
input values are absolute values, as they are both based on MW 
input per second. However, be careful to make these calculations 
based on the true ROF for each meson gun, based on its primary 
environment: space or planetary combat. Do not use ROFs 
convertedfrom one system to the other, as the rounding involved 
distorts the numbers. 

Space Combat Meson Guns: Multiply ROF per 30 minutes times 
input energy (IE) from Step 7A. This is the total number of 
megajoules needed over the course of a 30-minute turn. Divide 
this result by 1 800 to find the MW of power that must be allocated 
to operate the weapon. 

Planetary Combat Meson Guns: Multiply ROF times input 
energy (IE) from Step 7A. This is the total number of megajoules 
consumed by the weapon each five-second turn. Divide this 
result by 5 to find the MW of power that must be allocated to 
operate the weapon. 

5. GUN CREW AND WORKSTATlONS 
All meson guns must be crewed according to the following 

formula: 
Crew = (Tunnel Volume t 100) x CP 

CP: Computer multiplier based on tech level of computer 
installed aboard shipllinked to ground-based PAW. See Comput- 
ers table in the Controls chapter (Section 4). 

Round to the nearest whole number, but results of less than 1 
must always be rounded up to 1. 

Each crewmember must havea gunner‘s (normal) workstation 
installed with characteristics obtained from the Controls chapter 
(Section 4). 
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9. MESON GUN CARRlAGE, 
MOUNT, ETC. 

If the gun is to be mounted ina starship, skip thisstep. If the gun 
is intended for use as a towed weapon, calculate the size of its 
carriage, mount, etc. A towed carriage has the same mass as the 
meson gun mounted on it. 

The gun must include its HPC, but may be plugged in to a 
power source at  its destination. Carriage-mounted meson guns 
have an all-around armor value of 1. This can be increased by 
enclosing the gun and its supporting equipment in a “hull” 
(cylinder hull form) with a certain thickness of armor according 
to the vehicle or spacecraft design rules. As this armor increases the 
mass of the gun, it will increase the mass of the carriage as well. 

The price of the carriage, in MCr, is equal to its mass in tonnes 
multiplied by 0.002. 

For use in planetary combat, meson guns make excellent 
indirect fire weapons. Although a meson gun is actually a pure 
line-of-sightweapon, the fact that it can fire through intervening 
forests, mountains, even entire planets ( i  it has sufficient range) 
means that its fire control solutions are usually of an indirect 
nature. Meson guns are hardly ever risked in the direct fire role, 
as they are too valuable. 

Ground combat (vehicle- or carriage-mounted) meson guns 
are usually equipped with indirect fire control systems. Perfor- 
mance details, weight, volume, and price are in the Fire Control 
chapter (Section 14). 

10. MESON GUN 
PFlySlCAL CllARACTERlSTlCS 

following total figures for the gun. 
Add up or bring down the above components to obtain the 

10A. Volume 
In cubic meters. Add tunnel volume, beam pointer volume, 

HPC volume, gunner‘s workstation volume, carriage volume (if 
any), indirect fire controls (if any). 

10B. Mass 
In tonnes. Add tunnel mass, beam pointer mass, HPC mass, 

gunner‘s workstation mass, carriage mass (if any), indirect fire 
controls (if any). 

1OC. Price 
In MCr. Add tunnel price, beam pointer price, HPC price, 

gunner‘s wokstation price, carriage price (if any), indirect fire 
controls ( i  any). 

1OD. Power Requirements 

10E. Length 

In MW. Carry down from Step 7D above. 

Actual tunnel length in meters. Carry down from Step 1 above. 

1OF. Surface Area 
Surface area for a spinal mount is equal to the tunnel cross- 

sectional area times 2. Surface area for a bay-mounted gun is 
equal to the bay’s surface area. 

1 OC. Combat Performance 
Short range, medium range, long range, and extreme range in 

km and/or space combat hexes, plus damage values at  those 
ranges, along with ROF, listing any difficulty modifiers as 
applicable. Carry down from Steps 6 and 7C. 

11. DEEP SlTE M U M  
Because they can freelyfire through matter, meson guns buried 

in “deep sites” far beneath a planetary surface are favored 
planetary defense weapons. Not only are they immune to fire 
except from other meson guns, their location can be difficult to 
determine. During the Final War, the crews of deep meson gun 
sites were the last living persons on some worlds. 

11A. Volume 

of the meson gun. 
Volume of the deep site is a sphere calculated from the length 

Divide gun length by 2 to get radius of the sphere in meters. 
4 / 3 ~ r 3  =volume of sphere 

Mass of this sphere is irrelevant, as it is immobile. Price isequal 
to tunneling costs per cubic meter, below. 

11 B. Lift Carriage 
The gun has infinite traverse within its sphere. This is provided 

by a lift carriage which negates the various bending stresses on 
the tunnel so that it retains its accuracy, and also allows it to be 
traversed. 

Install a CC lifter from the Lifters subsystem chapter (Section 
10) based on the volume of the sphere. Volume of the generator 
is added to that of the sphere. Mass is irrelevant, and price is 
calculated normally. 

If contra-grav technology is not available, the gun must have a 
mechanical carriage which costs MCrO.01 per cubic meter of sphere. 

1 1 C. Other Support Systems 
Fire control, crew, and power requirementsare determined the 

sameas forany other meson gun. In addition, crew forthe power 
plant plus life support, staterooms, etc. should be provided. Costs 
for all of these elements are calculated normally. 

Access to the surface is provided by twin high-speed elevators. 
Volume of this shaft equals the depth of the site beneath the 
surface times a cross section of 36 square meters. Cost is 
MCrO.OO1 per vertical meter of shaft. 

Once all components of the deep site have been calculated, 
total their volume (including the access shaft) to calculate the cost 
of tunneling based on the table below. 

TL MCr/cubic meter 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 



CHAPTER 7 
1 High-Energy Weapons 

High-energy weapons use a laser to heat hydrogen to a plasma 
state, containing it in a magnetic bottle until it reaches maximum 
energy, then opening an aperture in the bottle, releasing the plasma 2 in a high-temperature, high-velocity (in excess of 8000 meters per 
second) jet. Fusion weapons operate on identical principles but 
contain the plasma slightly longer until a fusion reaction begins. 

High-energy weapons use power cartridges identical to those 3 used in explosive power generators as their ammunition. Each high- 
temperature ceramic cartridge is ignited and serves as the liner for 
the magnetic bottle that contains the plasma generated inside it. 
Recoil energy activates a purge cycle, during which liquid nitrogen 4 is used tocool thecartridgebeforeanewoneisfedintothechamber 
from the magazineor autoloader, kicking what's left of thespentone 
outoftheweapon (someof themassofthecartridge becomesa part 
ofthe plasmajet).Afterthe purge/ejectcycle, theaction locksclosed, 5 and the weapon is ready to fire again. The spent cartridge case is still 
hot enough to inflict burns on unprotected skin, although the purge 
cycle cools it enough so that it i s  no longer a source of ignition. 

The heat of the ejected cartridges and the incidental heat from the 
plasmastream requireuserstowear protectiveclothing of somesort. 6 The flame-retardant properties of most standard military uniforms 
provide adequate protection. 

Supporting hardware consists of the cooling system and the 
power pack for the magnetic bottle. In the case of small arms 7 weapons, this supporting hardware is worn as a backpack and the 
plasmaorfusion cartridges areloaded intotheweapon in detachable 
box magazines. 

8 ENERGY WEAPON 
DESlGN SEQUENCE 

A. Specifications 9 Thecharacteristicsof high-energyweapons aredetermined byfive 
specifications. In addition, theweapon's powercartridge is designed 
at this time, as it is used through the rest of the design sequence. 

1. Tech Level: Determine the tech level of design of the 1 0 weapon. Plasma weapons can be designed from tech level 10 and 
up. Fusion weapons can be designed from tech level 14 and up. 

2. Pulse Energy: Pulse energy is measured in megajoules 
(Mj) and is  the basic defining parameter of energy weapon perfor- 1 1 mance. Theoretically, any pulse energy level may be specified, but 
there are practical limits based on the size of weapon desired. 

3. Fire Control: The type of fire control equipment, if any, 
must be specified. Since energy weapons are direct line-of-sight 1 2 weapons, they do not require sophisticated rangefinders. A simple 

13 

14 

optic sight is sufficient for most targets, and this is included in the 
basic cost of the weapon. Ballistic computers or point-defense 
computers may be added to give the weapon a better capability 
against high-speed targets. Enhanced-visibility equipment may be 
added to enable the gunner to engage targets in limited-visibility 
conditions. See Fire Control, Section 14. 

4. Mount: An energy weapon may be hand-carried or 
mounted either on a carriage or directly on a vehicle. All guns 
mounted on vehicles and on towed carriages are collectively called 
"cradleguns," as opposed to smaller man-portable weapons, which 
are usually called rifles, or in militarese, PCMPs (plasma gun, man 
portable) and FCMPs (fusion gun, man portable). 

5. Options: A cradle gun may have a gun shield if desired, 
which provides thecrew some protection against fragmentation and 
small arms fire from the front. If vehicle-mounted the gun may also 
have an autoloader. 

6. Power Cartridge: Ammunition for energy weapons 
consists of explosive power generation (EPC) cartridges, which 
provide both powerfor thesystem and the fuel mass thatforms the 
plasma stream fired by the weapon. At tech level 10, these are CPCs, 
a t  TL 12 they are PPCs, a t  TL 14 PFCs, and at TL 16 CCFCs, as 
described in the explosive power generation section of the Power 
Production chapter (Section 8). 

ConsultthePower Production chapteranddesign acartridgefmm the 
correcttech level which hastheoutput necessaryto powertheweapon. 

B. Mass 
Thecompleteweapon system weight is equal to theweightof the 

weapon itself, plus its supporting hardware, plus its fire control 
equipment, plus its recoil system, plus its gunshield (if any), plus its 
feed system. The empty weight of a small arm energy weapon is 
equal to the mass of the firing unit. The loaded mass of a small arm 
energy weapon is equal to the mass of the firing unit plus the mass 
of a loaded magazine. 

1. Firing UnkThefiring unitconsistsofwhatwewouldcall 
the barreland receiverof aconventional small arm.Theammunition 
supply feeds plasma orfusion pulsecartridges into the receiverwhere 
the internal ignition lasers of the system heat the fuel in the cartridge 
to a plasma state. The firing unit alsocontains the pilot laserthat opens 
the atmospheric tunnel for the passage of the plasma or fusion bolt 

The mass of the firing unit is determined by the following formula: 
Mf = TrnPp 

Mf: Mass of the firing unit in kilograms 
Pp: Pulse power in megajoules 
Tm: Tech level multiplier, as shown on the following chart: 

TL Trn 

18-1 9 0.5 

2. Supporting Hardware: The supporting hardware in- 
cludes the liquid nitrogen (LN) purge cooling system and a power 
pack to support the magnetic bottle. The power pack includes a 
small battery and homopolar generator (for the pilot laser) and is 
thermoelectrically powered by excess heat from the main ammuni- 
tion ignition system. On man-portable weapons, the supporting 
hardwareiscontained in a backpack linked to theweapon bya multi- 
flex cable including data, power, and LN lines. 

The mass of the firing unit is determined bythe following formula: 

Ms: Mass of the supporting hardware in kilograms 
Pp: Pulse power in megajoules 
Tm: Tech level multiplier, as shown on the following chart 

Ms = TrnPp 
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TL Tm 

11 10 

15 2 

3. Fire Control: The weights of the various fire control 
systemsaregiven in theFireControlchapter(Section 14). Basicoptic 
sights are included in the mass of the firing unit. 

4. Recoil System Weight: Man-portable energy weapons 
do not requireacradle.Themass (and price) of a stock aresubsumed 
in the basic cost of the firing unit. 

At  tech level 10, gyroscopic recoil compensators become avail- 
able. This recoil compensator is a gyroscopic unit mounted in a 
backpack and body harness to which the gun is connected by a 
flexible articulated arm. The arm becomes rigid when theweapon is 
fired and helps absorb the recoil. 

At tech level 14 and beyond, inertial compensators become 
available to reduce the recoil of man-portable energyweapons. This 
is a more sophisticated version of the gyro-compensator. 

The mass of both gyroscopic and inertial compensator is deter- 
mined by the following formula: 

Mc = TrnPp 
Mc: Mass of the compensator in kilograms. 
Pp: Pulse power in megajoules. 
Tm:Tech level multiplier, as shown on the following chart: 

TL Tm 

17-1 3 5 

I J  L _ _  . 
16-$7' ' - . 1 *  - *  

'.C *14"",>., _.".I 

18-1 9 0.5 
20 0.3 

Cradle guns, whether they are towed or vehicle mounted, require 
a recoil-absorbing cradle. This is similar in design to the hydraulic 
recuperators used to absorb recoil on CPR guns. 

The mass of the recoil cradle is determined by the following formula:, 
Mr = TmPp 

Mr: Mass of the recoil cradle in kilograms 
Pp: Pulse power in megajoules 
Tm:Tech lwei multiplier, as shown on the following chart 

TL Tm 
10 75 
11 50 
12 * 35 
13-14 20 

' 15-16 15 
17-18 10 
19-20 . 6  
21 + 4 

. 1  ' "  . . 

. - ,  

Towed guns also require a carriage. The carriage weight of a gun, in 
tonnes, is its muzzle energy in megajoules divided by 2. 

Vehicle-mounted cradle guns do not require carriages, but the 
vehicle itself must weigh a t  least twice the required carriage weight. 

5. Gun Shie1d:Theweightof agunshield in tonnesisequal 
to 0.1 times the pulse energy in megajoules. 

6. Feed System: Specify the number of cartridges in the 
magazine. On cradle guns or very large man-portable weapons, this 
will usually beonlyone, with individual rounds loaded by hand or by 
autoloaderintofbeweapon each timeitfires. Formostman-portable 
weapons, several rounds can be carried in a box magazine attached 
to the weapon. 

The mass of a box magazine is determined by the following formula: 
Wrn = .6(N+4)Wa 

Wm: Weight (in kilograms) of an empty magazine. 
Wa: Weight (in kilograms) of a complete round of ammunition. 
N: Number of rounds the magazine is designed to hold. 
A loaded magazine weighs this plus the weight of the individual 

The weight of the auto-loader is equal to the cartridge weight 
cartridges loaded into it. 

times 30. 

C. Gun Crew 
The number of crewmen required to man a gun depends An its 

function and how it is mounted. Acrew normallyconsistsof a gunner 
and several loaders. 

The crew required to serve a towed (carriage-mounted) energy 
weapon is equal to the mass in kilograms of its power cartridge 
multiplied by 0.03, rounding fractions up. Vehicle-mounted weap- 
ons require a crew half this size, rounding fractions up, but never less 
than two. Vehicle-mounted weapons equipped with autoloaders 
require a crew of only one (the gunner). 

D. Range 
Weapons have four direct fire ranges: short, medium, long, and 

extreme. Medium range is  2 x short, long is 4 x short, and extreme 
is 8 x short. 

Direct fire range is mostly a function of the pulse energy of the 
weapon. A second consideration is the type of weapon, as fusion 
guns have a longer range for thesame energythan do plasma guns. 

Shortdirectfire rangein metersfora plasmagun is its pulseenergy 
in megajoules multiplied by 30. 

Short direct fire range in meters for a fusion gun is its pulse energy 
in megajoules multiplied by 50. 

E. Damage Value 
The damage value of an energy weapon a t  short range is calcu- 

D = 1 1 S($) 
lated using the following formula: 

D: Damage value 
P: Pulse power in megajoules 

F. Penetration 
Penetration is expressed in two ways: as penetration value, and as 

penetration rating. 
Penetration value is a measureof the weapon's absolute ability to 

penetrate armor, and is the measure most often used in vehicle 
combat. 

Penetration rating describestherelationship between theweapon's 
damagevalueand its penetration value. Penetrationvalue= Damage 
value + Penetration rating. Likewise, Damage value = Penetration 
value x Penetration rating. 
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Penetration rating is also equal to the number of pointsof damage 
value that are lost for each level of armor value that is penetrated 1 (thus the smaller the penetration rating, the better the penetration 
performance). This is the measure most often used in personnel 
combat Penetration ratings become higher (i.e., penetration perfor- 
mance becomes worse) as range increases. Ratings are given by 2 range: short/medium-long-extreme (penetration rating for medium 
is the same as for short). 

Plasma weapons have a penetration rating of 1-2-1 0. 
Fusion weapons have a penetration rating of '/z-1-4. 
Small arms are usually listed with their damage value and penetra- 

Cradle guns are usually listed with their damage value and 
penetration ratings combined into their penetration values at the 

Thus, a small arms fusion gun might be described as having a 
damage value of 20 with penetration ratings of '/z-1-4. That same 
fusion gun, if it were rated as a cradle gun, would have listed 
penetration values of 40-20-5 (short/medium-long-extreme). 

C. Reloading 
The time the weapon requires to reload is a function of its power. 

The base number of five-second turns required to load a round is 6 equal to its pulse power (in megajoules) divided by 3, rounding 
fractions to the nearest whole number. A result of less than 0.5 
(which rounds down to 0) indicates that a round can be reloaded in 
the same combat turn in which the weapon fires, leaving it capable 

If an autoloader is available, multiply power cartridge weight by 

If the weapon is man-portable and fed by a box magazine, the 8 weapon is always semiautomatic with a maximum rate of fire of 1 

3 tion ratings listed separately. 

4 various ranges. 

5 

7 of firing again in the next combat turn. 

0.3 for purposes of this calculation. 

round per combat turn. 

H. Price 
The price of the weapon is equal to the price of its components. 

Fire control equipment costs are listed in the Fire Control chapter 
(Section 14). The prices (in credits) of other components are 
determined by their mass (in kilogramsjand cost multipliers, as 1 0 shown below. Note that thecost multipliers for certain components 
of plasma and fusion guns are different, 

9 

PRICE MULTIPLIER 
Plasma Fusion 

Support Hardware 2500' 7500* 

1 9 Inertial Compensator'' 2500 2500 ' Recoil Cradle 100 100 
Towina Carriaae 2 2 

Gun Shield 1 1 13 

1. Set-Up 
A towed energy weapon must be set up before it can fire. The set- 

up time (in five-second combat turns) for a towed energy weapon 
is determined by multiplying the total mass of the weapon (in 
tonnes) by 10. 

J. Volume 
The volume of an energy weapon in cubic meters, for purposes of 

transportation or mounting in a vehicle, is equal to the mass of its 
components in metric tonnes multiplied by 0.5 (for the firing frame 
and support hardware) or 1 (for all other systems). 

K. Recoil 

guns. Recoil is calculated using the following formula: 
Recoil is only calculated for man-portable weapons, not cradle 

R = {[(150 dE)+Ww]Rcm) 
R: Recoil number 
E: Pulse energy in megajoules 
Ww: Weight, in kilograms, of weapon (loaded) 
Run: Recoil compensator modifier. The only allowed recoil modi- 

fiers are from gyroscopic or inertial compensators. (All plasma and 
fusion weapons are assumed to have recoil-absorbing stocks as 
standard equipment. Muzzle brakes are not effective, and in fact are 
extremely dangerous, on energy weapons.) The recoil modifiers for 
these vary with tech level and are shown below. Note that these 
systems, due to the larger recoil forces at work, are not as effective 
at  reducing recoil as similar systems used with small ams.  

14 Inertial .5 
15 Inertial .4 

18+ Inertial .2 

.. --. 
16 Inertial , .3 

1. r .. . 

L. Bulk 
Bulk is only calculated for man-portable systems, not cradleguns. 

Bulk is  calculated using the following formula. However, results of 
greater than 5 are treated as 5. 

B = Mfrm 
B: Bulk 
Mf: Loaded mass (in kilograms) of the firing unit, 
Tm: Tech level modifier, as shown below. 

TI! Tm 

16+ 0.75 

Installing a gyrotompensator or inertial compensator requires 
that the electronic components of the system be designed more 
robustly. This has no effect on mass, but doubles the price of the 

Empty magazines cost Crl per kilogram, rounding fractions up. 
1 4 firing unit and support hardware. 
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CHAPTER 8 
Lasers 

Laser, as all science-fKtion gamers probably know, stands for Light 
Amplification by the Stimulated Emission of Radition, and is one of 
the most used-and, it would appear, misused--concepts in sci- 
ence-fdon gaming. (Incidentally, lasers were originally referred to 
as "optical masers"-maser = Microwave Amplification by the 
Stimulated Emission of Radiation-although masers could as easily 
be referred to as "radar lasers.") 

Laser Basics 
The key concept behind lasers is stimulatedemission, meaning that 

an atom or molecule is hit by light of a particular wavelength which 
then causes that particle to emit light of that same wavelength. The 
reason that substances can be stimulated to produce specific wave- 
lengths has to do with the way atoms and molecules store and 
release energy with their electrons. Electrons belonging to an atom 
are found in "orbits" (they are not really orbits, but in the interest of 
not going into weird existential khriidinger's cat-style quantum 
physics, orbits are a close enough concept) around the atom's 
nucleus (that's noo-klee-us, Mr. Secretary). Theseelectrons move from 
bw-energy orbii close to the nucleus out to high-energy orbits farther 
from the nucleus as they gain energy by absorbing photons, and move 
backintowardthenucleusastheygiveupenergybyemitting photons. 

These orbits are not set up with an infinite number of fine 
gradations, they are more like the rungs of a ladder-there are only 
so many, and they are a fixed distance apart One can step up or 
down one, two, three or more rungs at a time, but cannot go up or 
down a fraction of a rung. Like the difference between electron 
orbits, the differences between the rungs on a ladder are quantized. 
This means that an electron which absorbs a photon and moves, or 
transitions, to a higher orbit, or energy level, can only have absorbed 
a photon with a certain fixed amount of energy, no more and no less, 
to move to that energy level. As that same electron transitions back 
down to the earlier lower energy level, it emits that same amount of 
energy, the difference between the two energy levels, in the form of 
a photon which is identical to the photon it absorbed earlier. Thus, 
based on thenumber of availableenergylevels and the combination 
of transitions (energy level 0-1,O-2,O-3,l-2,l-3, etc.), an atom can 
only absorb or emit photons of certain discrete energies. 

Photons are described in three ways: by their energy, their 
frequency, and their wavelength (remember that electromagnetic 
radiation behaves as simultaneously as particles-photons-and 
waves, so that particles can be said to have frequency and wave- 
length). However, these are merelythree differentdexriptionsof the 
same t h i n g 4  given wavelength is equivalent to a certain frequency 
is equivalent to a certain energy. That means that an atom which can 
only absorb or emit photons of certain energies can only absorb or 
emit radiation of a certain wavelength. 

Molecules also store energy electronically as just described, but 
they also store energy as vibrational energy, where the component 
atoms vibrate back and forth with relation to each other, and 
rotational energy, where the molecule rotates around its center of 
mass (atomic nuclei cannot store energy like this because their mass 
is completely symmetrical). However, like electronic energy, vibra- 
tional and rotational energy are also quantized-there are only 
certain allowed levels of these energies, which of course define the 
energylwwelength of the photons that these molecules can absorb 
or emit. (Rotational transitions are the least energetic, with most 

transitions corresponding to the far infrared portion of thespectrum. 
Most vibrational transitions are in the near infrared. Electronic 
transitions are the most energetic, with most of thesecorresponding 
to the visible and ultraviolet portion of the spectrum. However, there 
are notable exceptions to all of these generalizations. Nonetheless, 
this means that electronic transformations are the most useful for 
military purposes, as we will see below.) 

Most photon emission is spontaneous. Energetic atoms or mol- 
ecules, like those in the filament of a light bulb, shed their energy by 
spontaneously spewing photons-atoms and molecules tend to be 
in theirlowestenergystates,sothechancesof spontaneousemiaion 
increase with the energy state. Wha t  stimulated emission does is to 
hit an energetic atom or molecule with a photon of a wavelength 
that corresponds to one of that atom or molecule's transitions (i.e., 
a wavelength which it can absorb or emit). If the atom or molecule 
is already a t  the energy state where it can emit a photon of the 
wavelength which struck it, the atom or molecule will emit that 
photon, and in the same direction as the photon which struck it, so 
that now there are two identical photons travelling in the same 
direction. So long as this takes place within a population of atoms or 
molecules which are already at the required energy level, this chain 
reaction will continue, creating ever more photons of the same 
wavelength.This is a laser. What? No powerful concentrated beam? 
Nope. All that is required of a laser is lasergain-the amplification of 
light radiation by stimulated emissionit need not be unidirec- 
tional, or focussed. Mars' upper atmosphere is one such non- 
unidirectional laser. If this emission takes place between a pair of 
focusing mirrors, the photons will bounce back and forth, continu- 
ouslystimulating more photons travelling in thesamedirection, until 
one of the mirrors is made transparent ("Q-switched"), and the 
focused beam of photons is released. This is what we normally think 
of as a laser, although it is more properlya "diffraction limited laser." 
However, these diffraction limited lasers are what we simply call 
"lasers" in Traveller and in the design sequence below. 

The problem is that a population of atoms or molecules will not all 
be a t  the proper energy state a t  the same time. Instead, they will 
naturally be at thermodynamic equilibrium, which means that the 
numberof atomsormoleculesat agiven energystatevariesinversely 
with the amount of energy in that energy state, with the result that 
each energy state is outnumbered by the lower energy state 
immediately beneath it &e., the energystatewhich will immediately 
absorb photons released by the upper energy states). What this 
means is that this population would rather absorb the photons 
coming by than be stimulated to emit any. The stimulated emission 
chain reaction i s  dead before it begins. 

In order to get stimulated emission to work, there must be a 
population inversion. A population inversion means that the target 
energy state (that which produces the photon wavelength desired) 
is more common than the energy states beneath it. This allows the 
target energy state population to stimulate each other's emission 
without these photons being immediately absorbed. This inversion 
cannot be created simply by heating the population, as this would 
merely create thermodynamic equilibrium at  a higher set of energy 
states, which would be just as disastrous to the chain reaction. The 
way to selectively populate an upper energy level is via electrical 
current, intense light, or chemical reaction. 

There are three main types of lasers to discuss in relation to 
Traveller. They are presented in the order of their technological 
advancement on modern Earth. 

First is what we will call a static laser. A static laser uses a single 
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population of atoms or molecules which are energized by electrical 
orlightinput,emittheirphotonsandfall toalowerenergystate, and 1 are then re-energized to emit again, over and over and over.They are 
called static because they use the same population time after time. 
They are distinguished by the need for significant electrical input in 
order to function. Static lasers include modern ruby lasers, gas lasers, 2 and excimer lasers. These are represented in Traveller by the direct 
electrical input lasers at the lower tech levels of roughly 7-9, with 
rubies and gas lasers from TL 7-8, and excimers from 8-9. 

Second are chemical lasers. These lasers do not use the same 
population over and over, but continuously create a new energized 
population which emits its photons and isdiscarded.These atoms or 
molecules are not energized perse, but are created in an energized 
state as the products of an energetic chemical reaction. By keeping 
a continous reaction going and venting away the spent material, a 4 populationinversion can be maintained withoutthe need for outside 
power input, as the energy comes purely from combusting chemi- 
cals.Thesearemostcommonlyused inTravellerassrnall arms lasers. 

Third are free-electron lasers, or FELs. This laser passes an electron 5 beam through a series of magnets which bend the paths of the 
electrons. As the electrons’ paths are bent, they are made to emit or 
absorb photons. By placing mirrors at both ends of the electron 
beam, the photons are gathered coherently to form a beam in the 6 usual fashion. Because these electrons are free, and not bound to an 
atom, they are not locked into quantized energy states, and there- 
fore can absorb or emit photons of any wavelength, depending 
upon howtheyaremanipulated bythemagnets. In thisway, theFEL 7 can actually be tuned to emit different wavelengths. In Traveller, 
F E E  are represented by the great tunable direct electrical input 
lasers, the mainstay of Traveller space combat from TLs 10-1 5. For 
simplicity in the design sequence, however, these overlap with the 

Thenon-tunableX-raylasersthatappearfromTLs 13 to 19arealso 
FELs, but are very specialized to produce X rays and have therefore 
given up their tunability. X-ray stimulated emission is very hard to 9 induce because the chance of inducing stimulated rather than 
spontaneous emission of a photon varies with its wavelength cubed. 
By thevery short X-raywavelengths, this probability has dropped off 
sharply from that of the more amenable, longer wavelengths. 

An aijitional specialized type of laser should be mentioned. It is 
an odd subset of static laser, called the nuclear-pumped X-ray laser. 

8 static lasers above. 

1 0 

To create the necessary population inversion for X-ray emission 
requires a great deal of power, because the transition that produces 
an X ray is an extremely powerful one. The radiation from a nuclear 
explosion provides sufficient power, but also vaporizes the laser- 
producing population after one shot. Another troublesomecharacter- 
istic of short wavelength stimulated emission is the incredibly short life 
time of their excited state before spontaneously emitting. In the case of 
the 1 OA photon that wouM be emitted by a nuclear-pumped laser, thii 
lifetimeisonlyabout 10-13 seconds (one-tenth of atrillionthof asecond), 
which is probably just as well, under the circumstances. 

The X rays are generated by a population shaped in the form of 
very thin rods, about a millionth of a meter in diameter. There are no 
mirrors or sophisticated focusing arrays on these expendable beam- 
generating rods. It is theshapeof the rods themselvesthatcreatethe 
beam by directing the path of thestimulated emission chain reaction 
along their lengths. 

Laser Functions 
All of the ruleson laser performance and design aredefined bythe 

following formula which describes the physics of focusing light, 
based on its wavelength and its focusing elements. 

I = (P+[{L+F}’])+R2 
Where: 

I= Delivered energy intensity (watts/cm2) 
P = Discharge energy (watts) 
L = Wavelength (centimeters) 
F = Focal value (centimeters) 
R = Range (centimeters) 
L+F = Divergence angle (radians) 

The calculations in the design sequence below do not require 
designerstouse thisformula, butall of theformulasand conceptsare 
derived from it. One of the most important facts derived from this 
formula is that the shorter the wavelength of the laser, the better its 
range performance will be. The longer its wavelength, the worse it 
will be. Lasers start with rather long wavelengths (in the infrared 
band of the electromagnetic spectrum) a t  low tech levels, but are 
able to achieve shorter wavelengths at higher tech levels. The other 
important fact is that lasers, no matter howwe mightferventlywish 
it, do not have the range performance we have been led to expect 
by a steady diet of movies, television, and soft science fiction. Space 
combat ranges are simply too great. 

All lightdispersesoverdistance, evendiffraction-limited laser light. 
The variables are wavelength, diameter of the focusing elements, 
and range. We’ve already mentioned that short wavelengths are 
desired to get good range performance, and we know that the 
bigger the focal elements, the tighter the focus. 

The problem is that dispersion increases with the square of the 
range. Once any variable becomes squared, it quickly overwhelms 
the other variables, particularly when the squared variable is big to 
begin with. In space, the range variable is very, very big. Very, very 
big squared is almost insurmountable. 

To get an idea of how almost insurmountable real physics is, let’s 
try a rough laser design using the formula above. How big does our 
focal array need to be? Let’s try 10 meters in diameter, much larger 
than anything ever visualized for Traveller, or any other science- 
fiction game, movie, or lV show. And let’s set its wavelength in the 
ultraviolet (UV) range, better than we can handle today, but not as 
good as X rays (which, as with earlier editions of Traveller, show up 
at TL 13), and we’ll set its output a t  1000 megajoules. 



How does the beam hold together?At only 30,000 km (one space 
combat hex), its spo t  size is almost 70 meters in diameter, diluting 
the 1000 megajoules down to only 0.3 megajoules per square 
centimeter. Sincea laser needs about2 megajoules per squarecentime- 
ter to punch through a centimeter of sted, our laser is off by a factor of 
almost 100 b punch a civilian starship hull, and that's at only one hex. 

What do we need to get a 1 0-hex range with tight enough focus 
to punch a starship? We need a divergence angle of around 0.3 
picoradians (lo-'* radians), which we can get by using shorter 
wavelength light or a larger focal dish. But since we've already 
decided that UVisasshortaswecango beforeTL13,we'releftwith 
a dish diameter of 6000 meters. 

In order to deal with this cruel reality, Traveller: The New Era 
incorporates a rule forgravitic focusing to allow lasers to continue to 
have the long-range space performance we've all grown used to. 
This gravitic focusing of the laser beam appears at the same time as 
contra-gravitytechnology, and createsthe effectof a largerdiameter 
dish by creating an intense point source of gravity within the 
focusing area to bend the light with gravity. However, because this 
bending of light is such a departure, we present it as an optional 
technology, instead of just fudging the rules to cover up the reality 
gap. By doing this, we allow referees to design campaigns that use 
real physics, to discover what space combat of the future might 
actually be like, starting with SDI. Although we call it an optional 
technology, gravitic laserfocusing isanofficial and important part of 
the Imperial Space campaign, and will be used in all Traveller: The 
New Era background material intended for that campaign. 

LASER DESIGN 
1. TECH LEVEL 

The tech level at which a laser i s  built has obvious impact on i ts 
effectiveness. Tech level affects the mass and volume of the laser 
itself, its power supply, thewavelength of lightthatcan be used, and 
the fire control systems that are used to guide it Tech levels of 1 3 or 
greater also affect the type of laser that can be built. If the tech level 
is 13 or more, a t  this time thedesigner mustdesignate ifthe laserwill 
be a tunable laser or an X-ray laser. 

Tunable lasers have a shortest allowable wavelength defined by 
theirtech level. At most tech levels, thisshortestwavelength is longer 
than X-ray wavelengths, and therefore cannot be focused as tightly 
and so has less range. However, a tunable laser can be tuned to fire 
a pulse of any wavelength equal to or longer than its shortest 
allowable wavelength, which is advantageous when firing into or 
through atmospheres. Ultraviolet and X-ray radiation are absorbed 
quite well by atmospheres, making these wavelengths quite useless 
for usein ground vehiclesorforplanetary bombardmentfrom space. 
Even though visible and infrared wavelengths have poorer focusing 
and range performance than X rays, they are the only wavelengths 
useful for attacking targets within an atmosphere. Thus a tunable 
laserwith ashortest allowablewavelength in the ultravioletor soft X- 
ray bands could use these wavelengths for maximum range perfor- 
mance in space, but still be tuned to visible bands when conducting 
planetary bombardment. 

X-raylasers,on theother hand, are builtforthemaximum possible 
range perfonnanceinvacuum. But becauseof thespecialized nature 
of equipment necessary to focus X rays, these X-ray lasers cannot be 
"de-tuned" to fire longer wavelength pulses. (Note, however, that at 
high tech levels, tunable lasers become capable of ever shorter wave- 
lengths, 50 that tunable lasers and X-ray lasers eventually merge.) 

2. GRAVlTlC FVCUSlNG 
(OPTIVNA T€CHNVLVGY F I . , )  

Craviticfocusing allows lasers to be be focused at lethal intensities 
over the ranges at which Traveller space combat takes place. This is  
an official part of the standard Imperial Space campaign, but need 
not be used by players who are creating their own "universe" or 
campaign background. 

Craviticfocusing does not requireany additional equipment to be 
installed in the design sequence, but it does affect laser energy 
efficiency (Step 4), and adds another step to improve the perfor- 
mance of the laser in the performance rating step (Step 5). 
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3. FOCAL ARRAY 
Select the diameter of the laser focal array (abbreviated FA 

Diameter). A t  low tech levels, this is  a pair of simple concave mirror 
a t  opposite ends of the laser-generating cavity. A t  hig her tech levels, 
it is an array of smaller reflective surfaces which are focused mechani- 
callyorelectro-hydraulically, using electricityorsound passed through 
a fluid focal medium to focus and traverse the beam. The larger the 
diameter of the focal array, the greater the range at  which the laser 
beam can be focused to lethal intensities. 

be specified in meters, although small arms lasers are usually 
described in centimetenonce theirdesigns arecompleted. Many of 
the equations that follow require units in meters in order to give 
proper results. 

In general, focal arrays may be built to any dimensions desired. 
However, certain standardized weapons installations are used on 
starships which require certain parameters to be observed. 

During the design sequence itself, the focal array diameter must 1 3 

14 



3A. Standard Socket-Mounted Lasers 
Most starships are fitted with one or more of two standard-sized 1 sockets. These sockets will accept standard-sized lasers, missile 

launchers, and nuclear dampers. These sockets come in two sizes, 
referred to by tradition as turrets and barbettes. Turret sockets are 3 
displacement tons (42 cubic meters), and barbette sockets are 6 2 displacementtons(84cubicmeters). Bothsocketsarecylinders,with 
the following dimensions: 

Surface 3 Type Displacement Volume Diameter Height Area 

Barbette 6 tons 84m3 4.5 m 5.25 m 16m2 

Adesignermayalwaysbuildalaser"turret"or"barbette"thatdoesnot 4 ftthese parameters,andthesemaybereadilyinstalled aboardstarships- 
however, they will not fit into the standardized xxkeb. 

3B. Bay-Mounted Lasers 
For lasers which are mounted in starship bays, the focal array 

diameter is dependent upon the size and dimensions of the bay. 
A bay may be constructed to any size desired, although the most 

populararethe50-ton (700cubic meters) and 1 00-ton (1400 cubic 

Each bay has a single long dimension and two shorter dimensions. 
The long dimension in meters is found by taking the bay's volume 
in cubic meters, extracting the cube root, multiplying by 1.4, and 

5 

6 meter) bays. A bay's dimensions are calculated as foIIows. 

7 rounding to the nearest whole number. 
1.4 (m) 

Divide the bay's total volume in cubic meters by the long 
dimension, and extract thesquare rootof this result, rounding to the 8 nearest 0.5 meters. This is the approximate length of the bay's short 
dimensions. Multiply the long dimension by the short dimension to 
get the surface area of the bay in square meters. 

STANDARD BAYS AND THEIR DIMENSIONS 
Size Cubic Meters Long Dim. Short Dim. Surface Area 

9 
16 rn 9.5 rn 150.4 r n 2  

10 looton 1400 
The diameter of the focal array is equal to the short dimension of 

Characteristics of the focal array are specified after selecting the 
the bay. 

1 1 laser's maximum pulse energy in Step 4. 

4 DlSCHARGE ENERGY 
Specifytheamountofoutputenergythatwill befired in each laser 1 2 pulse (dirharge energy, abbreviated DE) in megajoules (Mj). Natu- 

rally, thegreaterthedischarge energy, the moredamaging the laser, 
and the more equipment is required to allow the laser to function. 

Focal arrays fall into one of two performance brackets: heavy and 
light. A heavy focal array is any array, regardless of power output, 
which is intended for permanent installation in a vehicle, spacecraft, 
or static ground installation. A light focal array is one which is 
intended for use in a small arm or heavy weapon, and is generally 
man-portable. tight focal arrays (which can be more massive than 
a heavy focal array of the same power output) are therefore not 
subsumed under the various support systems (power, environmen- 
tal protection, and cooling, etc.) of, say, ashipmounted system, and 
require some additional expense as well as support components to 

be added separately (which will be detailed below). 
A heavy focal array must be further defined as a trainable or fixed 

array. A trainable array is one which will be mounted 50 it can be 
traversed and pointed a t  its target, as in a turret or similar mount (this 
also includes barbettes, bays, and vehicle turrets). A fixed mount is 
onewhich will be mounted to have noflexibility, and must beaimed 
by pointing the vehicle in which it is mounted. This is typical of lasers 
mounted in the noses of fighters, fixed to fire directly ahead. When 
mounted in spacecraft in this way, these are referred to as laser "lances." 

Now calculatethe characteristicsof the focal array. Thevolumeof 
the focal array (in cubic meters) is its surface area (in square meters) 
times its maximum discharge energy (in Mj) times the tech level 
modifier from the table below. 

Surfacearea iscalculated by firstdividing the FAdiameterin meters 
by 2 to get its radius, r, in meters. 

Surface area = nr2, where n = 3.1 41 6 

FOCAL ARRAY VOLUME MODIFIERS 
TL Modifier 

TL Hwvy Focal Array tight Focal Array 

12-1 5 0.001 0.5 

20+ 0.0001 0.05 

Mass: Mass in tonnes of the focal array is equal to its volume in 
cubic meters xl 

Price: Price in megacredits (MCr) of a trainable heavy focal array 
is equal to its volume in cubic meters x0.2; of a fixed heavy array in 
MCr is cubic meters xO.1, and of a light array in MCr is m3 xO.5. 

Energy Efficiency and Input Energy: All lasers have a required 
amount of energy input, defined as input energy (IE) for each shot, 

Non-Crm'tic Focusing: Lasers designed without the gravitic focus- 
ing optional technology field derive their input energy from their 
energy efficiency based on tech level. 

TL EfiUenfY - -I - _ _  - 
7 0.20 
8 0.25 
9 0.30 
10 0.35 
1 1  0.45 
12 0.55 
13 0.65 
14 0.75 
15 0.85 

* c .,- 

. ~ I  

I "#&. - - ~ 

16+ 0.95 

To find the input energy needed for each shot, divide DE in Mj by 
the efficiency value on the table according to tech level. 

Cravitic Focusing: All lasers using gravitic focusing have a 20% 
energy efficiency. In other words, the discharge energy chosen 
above is only 20% of the total energy expended for each pulse; the 
remaining 80% is spent in generating the beam, generating the 
gravitic focusing elements, or lost as waste heat. To find the actual 
energy in Mj needed to fire each laser shot, use the equation 

DE + 0.2 = input energy (IE) required per shot 
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5. LASER PERFORMANCE R A T G  
To find a laser's performance, multiply its focal value (F) by the 

range factor used at the laser's tech level. The result is the laser's 
effective rangein kilometers. Effective range is the range at which the 
laser's full pulse energy is focused into an area on the target of 1 
square centimeter. Within this range, a laser's full pulse energy is 
used to inflict damage on its target. Beyond this range, the beam's 
intensity per unit area diffuses, and the damage becomes lower. 
Effectiverangeis not used incombat, butit is used in thesteps below 
to derive the laser's combat performance at short, medium, long, 
and extreme range, which are used in combat. 

SA. Non-Cravitic Focused 
If the laser will not be using gravitic focusing, F is qual  to the FA 

diameterin meters, and the rangefactor isselected according to tech 
level. Ignore the two columns (for X-ray lasers, singlecolumn) under 
the Cravitic Focusing heading. 

56. Using Cravitic Focusing 
F must becalculated based on thegraviticfocusing focal modifier. 

Based on the tech level and class of the focal array (heavy or light), 
choose the correct focal modifier. To apply this modifier: 

1. Take the FA diameter (in meters) and convert it to decimeters 
(1 dm = 0.1 m) by multiplying by 10. 

2. Apply the focal modifier to the diameter D in decimeters. 
3. Divide the result by 10. 
4. The result is the laser's focal value F. Multiply F by the proper 

range factor for the tech level to get the laser's effective range. 
Note that for each focal modifier there is a lower limit of focal array 

size that can be gravitically focused. Because of the exponential 
function, beneath these levels the focal array effectiveness actually 
decreases. At F = D2, for example, the lower limit is 0.1 meter. 

TUNABLE LASERS 
Cravitic Focusing 
Focal Focal 

Modifier Modifier 

8 F=D 

Notes: 

longer affects focusing performance. 

idevanf as lasers are now tunable down to X-ray wavelengths. 

AtTLl4+, the distinction between heavy and light focal arrays no 

At TL 201, the distinction between tunable and X-ray lasers becomes 

X-Ray Lasers 

table above. 
For heavy focal arrays only. Light focal arrays must use tunable 

TL Hwvy Focal Modifier Range Factor (Wavelength of light) 

20+ See Tunable Lasers, above 

If the laser is being designed for space combat use, divide the 
resulting effective range (kilometers) by 30,000 to get effective 
range in space combat hexes or range bands. Round to the nearest 
0.01. 

5C. Tunable Lasers 
Note that tunable lasers must have their effective ranges calcu- 

lated separately for the different wavelengths that they are capable 
offiring.Thisisdonewith the proceduresabove by using thecorrect 
focal modifier by tech level, but multiplying the resulting focal value 
F by the various wavelength range factors that are available to the 
weapon. Tunable lasers of a given tech level have available to them 
all wavelengths above them (i.e., a t  lower tech levels) on the table 
above. 
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5D. Atmospheric Performance 
All laser energy is absorbed by planetary atmospheres to some 1 extent, but this is especially the case with laser wavelengths shorter 

than visible light, i.e., ultraviolet and X-ray lasers. The effective range 
defined above i s  the laser's effective range in vacuum: in space or on 
the surface of airless worlds. 

When the laser is to be used within atmospheres, the following 
modifications must be made to effective range. Although theoreti- 
cally a laser might be rated for its performance in all potential 
atmospheres, in practice a laser need only be rated for the environ- 
ment forwhich it is primarily intended, for example the atmosphere 
of the world on which it was designed, or in vacuum for a starship 
laser. 

ATMOSPHERIC RANGE MODIFIERS 4 Atmosphere visible and I n h r d  Ultmvidet, X Rays, and Beyond 
(Range Won 33 and above) (VWP Code) (Range Facton 3 and 20) 

5 
Thin (4,s) 0.2 0.02 

6 
*Although most infrared radiation is readily absorbed by atmo- 

spheres, atmospheres contain many "windows" in the infrared 7 range in which specific IR wavelengths are only absorbed at  about 
thesame rate asvisible light. Thus it is assumed that the infrared lasers 
in use are those which are designed to take advantage of these 

Effective range as adjusted by atmosphere can be used in different 
ways according to the purposes of the designer. If the laser is 

9 

10 

11 

range to find the proper range band of the laser's rated range 
performance. If the range falls between two range bands, use the 
higher band.Thisgives the laser'sdamage performance. Difficultyof 

If the adjusted range falls beyond the laser's extreme range, use its 
effective range along with the procedure defined in Step 7B below 
to determine if it has any damage performance left at that range. 

If the target is an aircraft or spacecraft flying through the atmo- 1 4 sphere at high altitude, cut this final atmosphere adjusted range in 

1 3 the firing task is still calculated according to the actual range. 

half. 

intended primarily for use' in an atmosphere, the atmosphere 
adjusted effective range should probably be used when choosing a 
beam pointer (Step 6). If the laser is intended for space combat, its 
unadjusted effective range should be used to choose the beam 
pointer. 

Planetary Bombardment: This is a specific application of the 
atmospheric modifier rules.This is not calculated in advance for each 
laser, but is calculated separately each time it is done. 

First find the range to the world being bombarded, in hexes. 
Planetary bombardments from the same hex are given a default 
value of 0.5 hexes. Divide this range by the atmosphere modifier 
appropriate to the atmosphere type and laser wavelength from the 
table above. The result i s  the equivalent range in hexes to a target on 
the planetary surface, called the atmosphere adjustedrange. Use this 

6. DEFlNE SHORT RANGE 

6A. Large (Non-Hand-Held) Lasers 
The beam pointer represents the integral fire control capabilities 

installed on the laser mount. 
Select a beam pointer from the Fire Control chapter (Section 14). 

Note that range is given in kilometers and 30,000-km hexeshange 
bandsforspacecombat.The listed rangein km/hexes of theselected 
beam pointer will be the laser's short range for purposes of combat. 
Whenever possible, the beam pointer range should be equal to the 
laser's effective range to take full advantage of the laser's range- 
intensity performance. 

When a laser has its performance adjusted for atmosphere, 
remember that its atmosphere-adjusted ranges are for purposes of 
damage calculation only. Its short range (and medium, long, and 
extreme ranges which are derived from it) based on installed beam 
pointer are still used for resolving hits. 

68. Small Arms (Hand-Held) Lasers 
Small arms lasers include laser rifles, carbines, and pistols, as well 

as larger lasers used as man-portable infantry heavy weapons. 
For small arms lasers, which are not fitted with beam pointers, 

short range is based on human aiming limits. These arecalculated as 
follows. 

Short Range (meters) = 200 x Configuration Multiplier 

Configuration Cm 

Two-Handed* 1.3 

*One-handed refers to pistols, fitted with only a pistol grip. Two- 
handed refers to weapons specifically designed to be fired with two 
hands, and thus include a stock instead of simply a pistol grip. 

Some weapons are intended to be used exclusively from a tripod 
or vehicle pintle mount, and are only fitted with pistol grips. 
However, these weapons are considered to be two-handed for 
determining range. 

'*Mass and weight for these items is recorded in Step 10. 

Round results of 299 meters to 300. 
If two configuration descriptions apply to the same weapon, use 

both. Even if an optic sight is fitted to a two-handed weapon, the 
basic (iron sight) rangeshould becalculated as well.Thisis necessary 
because an advanced sight (see the Small Arms Design chapter, page 
97) might be installed later, and the advanced sight enhancement 
is applied to the basic range, not the optic sight range. The 
maximum short range for any small arm, after all modifications for 
optic or advanced sights, bipod and tripod effects, is always 300 
meters. 

Compare the short range derived above to the small arms laser's 
effective range, and use the shorter of the two for the laser's short 
range. 
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7. LASER COMBAT RATlNGS 
A laser's combat performance is rated in three areas: range 

performance, damage at those ranges, and penetration ratings a t  
those ranges. 

7A. Combat Range Bands 
All combat ranges are based on the laser's short mnge, established in 

Step 6. For lasers intended for planetarycombat, these ranges should be 
expressed in kilometers; for spacecraft lasers, these ranges should be 
expressed in starship combat hexes/range bands in whole numbers. 

Medium range = Short range x 2 
Long range = Short range x 4 
Extreme range = Short range x 8 

7B. Damage Value 
Define the laser's damage characteristics a t  its short, medium, 

long, and extreme range bands. 
Lasers do damage to enemy nonpersonnel targets (i.e., vehicles, 

structures, spacecraft) based on their damage value (DV). Damage 
value is calculated as follows (round to nearest whole number): 

DV = 2.5d 

where I is the weapon's intensity (units for intensity are Mj per 
square centimeter) at that range. Intensity is derived as follows. 

For each of the four range bands, divide that range band's actual 
range (from 7A, in kilometers or hexes, as appropriate to the type of 
weapon) by the laser's effective range (in the same units) from Step 
5. Round this result to the nearest 0.01, but alwaystreat results of less 
than 1 as 1. This figure is  used as R in the next formula: 

I = DE (1+R2) 

where 
DE is discharge energyfrom Step 4 above. 

7C. Penetration Rating 
Lasers penetrate enemy armor based on their penetration value. 

Penetration value is not derived separately, but is calculated from the 
laser's DV by using the laser's penetration rating (PR). DV+PR = 
penetration value; penetration value x PR = DV. Penetration rating is 
calculated as follows. 

Take the intensity (I) as calculated in 7B above, and apply the 
formula 

(4) x 0.8 = IPR 

IPR is the inversepenetration rating. Round IPR decimals as follows: 
0.5 and above rounds up to the next whole number; less than 0.5 
roundsdown. Nowtakethe inverseof thelPR bydividing 1 byit.This 
is the laser's penetration rating, PR. Leave this number expressed as 
the fraction, '/IPR. For example, an IPR of 3.49 rounds to IPR of 3 and 
the PR is expressed as '/3. Intensities that yield lPRs of less than 0.5 
(an intensity of 0.390625 Mj per cm2 yields an IPR of 0.5, which 
rounds up to 1) have a final penetration rating of Nil, meaning that 
they have no penetrative capability. This is because a laser's damage 
value and penetration capacity both decrease at  the same rate, and that 
at lessthan 0.39 Mj there is not sufficientdamagevaluein theshotto allow 
penetration (Le., 1 point of damage value required by a penetration 
rating of 1 to penetrate an armor value of 1). 

Note: For purposes of target penetration, lasers are only affected 
by personal armor of a rigid nature. Rigid armor is defined in the 
Personal Armor section (Section 2), and consists of metallic and hard 
ceramic armor. Non-rigid, or flexible personal armor (leather, ballis- 
tic cloth, and ballistic weave) is always treated as no armor by laser 
hits. Metal chain mail, becauseof its porous nature, is also treated as 
no armor. Metallic or ceramic insert plates added to flexible armor 
are treated as rigid armor. 

"Natural" armor on animals, such as tough skin or bony plates, is 
also treated as no armor by lasers. However, natural cover used 'by 
personnel, such as trees, fences, stone walls, dirt berms, etc., are not 
ignored by lasers, but must be penetrated before personnel shelter- 
ing behind them may be hit. 

7D. Personnel Damage Dice 
Thedamagethatalaserdoestoapersonneltarget(whichinc1udes 

animals) is calculated differently from the damage value calculated 
in 7B above. Damage done to personnel is based on damage dice, 
which is also based on the laser's intensity at the range in question 
according to the formula 

50m 

Forsmall arms lasers, particularlythosewith penetration ratingsof 
Nil, the number of damage dice can be calculated in advance. 
However, because damage capacity lost when penetrating armor is 
calculated in terms of damage value and not damage dice, it is best 
to calculatedamagedice versus a personnel target after penetration 
has occurred. Multiply the remaining damage value by 20, and the 
result is the number of damage dice done to the target (DV x 20 = 
damage dice). 

8. POWER SOURCE 
AND RATE OF FlRE 

Most lasers are powered by electrical energysupplied by a vehicle 
power plant and stored in a form of capacitor until the weapon is 
fired. However, a t  TL 11 and above, lasers can also be supplied by 
stored chemical energy. Stored chemical energy is popular for use 
with small arms lasers because the chemical laser cartridges (CLCs) 
are easier to use than cumbersome rechargeable power packs. 

There is a drawback with CLCs, however, which makes them less 
desirable for use in spacecraft, which is the fact that the chemicals 
contained in the cartridges and produced in the firing process are 
highly corrosive, flammable, and poisonous. This presents a great 
threat to any craft which must dispose of these byproducts or which 
sustains an ammunition hit. Because spacecraft orvehicles intended 
for use in vacuum or hostileatmospheres cannotflush and replenish 
their atmospheres from outside sources of oxygen, CLCs are gener- 
ally not chosen for their lasers. 

8A. Direct Electrical Power 
Direct electrical power requires the installation of a homopolar 

generator (HPC), which is a type of capacitor in the form of an 
electro-mechanical flywheel.TheHPC must beofsufficientsizetostore 
the laser's oneshot input energy (IE) as deiined in Step 4. Cakulate the 
volume of HPC needed by multiplying the laser's input energyin Mj by 
thevalueon the HPC table in the Power Production chapter(Sectiin 8). 

In large vehicle- and ship-mounted lasers, the HPG is added into 
the total mass and volume of the entire laser. For small arms lasers, 
the HPC i s  carried separately in a backpack or beltpack. 
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Rate of Fire: Define the laser's rate of fire (ROF). This rate will be 
expressed differentlydepending upon whetherthe laser is intended 1 for space combat or ground combat, as space combat turns are 30 
minutes in length, while ground combat turns are five seconds. Rate 
of fire will define the amount of power input that the weapon needs, 
and may require an increase in the volume, mass, and price of the 

Rate of fire for a direct electrical input (HPC) laser is limited by 
available input power, and structural qualities of the laser's focal 
array. The HPC itself does not limit the ROF, regardless of tech level. 
The size of the HPC is the same regardless of the laser's rate of fire, 
as it must onlystore enough energyfor one shot at a time, regardless 
of how often those shots are fired. 

Space Combat ROFAII space combat lasers must have a rate of fire 
of at least 10 shots per 30-minute turn, or one shot every three 4 minutes.ThisisequivalenttoagroundcombatROFof '/w,oneshot 
every 36 turns. When converting space combat ROFs to ground 
combat, divide the ROF per 30 minutes by 360. If this number is 
greaterthan 1, round anyfractionsdown.Thisisthenumberofshots 

If it is less than 1, take the inverse (i.e., divide 1 by that number), 
and round fractions up. The result is the number of five-second 
combat turns required for each shot. Express this number as a 6 fraction, i.e., one shot every 5 turns is 1/5, one shot every 36 turns is 
1/36, etc. 

For purposesofspacecombat, lasersgain to-hit benefitsfor higher 
ROFs as shown in the table below. 7 Lasers process atremendousamountofenergyeach timetheyfire, 
and this energy creates thermal effects throughout the focal array. 
Thesethermaleffectsresultin minutedeformationsof thefocal array 
itself, which affect the accuracy of later shots. Enough of a thermal 8 effect will actually damage the laser. At space combat ROFs of 200 
and higher, the focal array of a direct electrical input laser must be 
increased in size to allow for active and passive measures of heat 
dispersion as shown on the Rate of Fire Benefits in Space Combat 9 table. This focal array multiplier is applied to the FA volume, from 
which mass and price are then derived. 

2 focal array. 

5 per five-second combat turn. 

RATE OF FIRE BENEFITS IN SPACE COMBAT 
Equivalent 

Space Combat ROF Benefit Ground Combat ROF 
(Shots per (In Diff Mods (Shots per 

10 
30-minute turn) to Fire Task) 5-second turn) FA Molt 

11 

-5 difficulty levels 2 8 

I I  

13 
800 -5 difficulty levels 2 8 

*There is no penaltyfor firing a laser a t  one of these higher power 
levelsifthelaserismounted in avehicleorstarshipwhich isdesigned 
from the outset to provide sufficient power for the higher ROF (50 
or 100 shots). However, lasers which were not installed with the 
higherpower levels mayfireattheselevels if sufficientpowerismade 
available by diverting it from other systems. Unfortunately, because 
oftheextrastrain this placeson powercouplings, HPCs,etc., aship's 
Engineering task must be rolled each turn this is attempted. The 
difficulty level is Difficult if the ROF is raised one step (from 10 to 50 
orfrom 50 to 100)overtheinstalled powerallocation,or Formidable 

if raised two steps (1 0 to 100). Failure a t  this roll indicates a System 
ResetresuIt(seetheTNESpaceCombatchapter,orBrilllant Lances: 
Traveller Starship Combat), with the additional penalty that the 
laser may not fire on the current turn. Catastrophic Failure indicates 
more severe damage. Roll 1 D10: 1-5 indicates a Degraded Perfor- 
mance result in addition to System Reset; 6-1 0 indicates a major hit 
on the laser. 

Lasers may onlyfire at  the 200+ ROFs if they are designed as such 
with beefed-up focal arrays. 

Ground Combat ROE To be really useful, ground combat lasers 
should have an ROF of at  least one shot per turn. Rate of fire for a 
direct electrical input (HPC) laser is limited by available input power, 
and structural qualities of the laser's focal array. The HPC itself does 
not limit the ROF, regardless of tech level. 

Like space lasers, ground combat direct electrical lasers need to 
have their focal arrays beefed up in order to fire at high ROFs. 

RATE OF FIRE BENEFITS IN GROUND COMBAT 
Ground Combat ROF 
(Shots per 5-second turn) FA Multiplier 

1 A 

2 8 
3 12 - 

, -,a 
- 

4 16 
5 20 
15 (Automatic: 3-round hrsts) 60 
25 (Automatic: 5-round bursts) 100 
50 (Automatic: 1 0-round bursts) 200 
250 (Automatic: 50-round bursts) 1000 

(YT 

Note: Lasers with an ROF of 15+ count as automatic weapons for 
purposes of firing at aircraft 

Power Input: Power input in megawatts (MW) is calculated 
differentlyforspace combat and planetary combat lasers. Although 
they are calculated differently, space and planetary combat power 
inputvalues areabsolutevalues, as they are both basedon MWinput 
per second. 

Space Combat Lasers: Multiply ROF times the laser's input energy 
(IE) as determined in Step 4. This is the total number of megajoules 
needed over the course of a 30-minute turn. Divide this result by 
1800 to find the W o f  power that must be allocated to operate the 
weapon. 

Planetary Combat Lasers: Multiply ROF times the laser's input 
energy (IE) as determined in Step 4. This is the total number of 
megajoules consumed by the weapon each five-second tum. Divide 
this result by 5 to find the W of power that must be allocated to 
operate the weapon. 

Direct electrical power input requirements are usually met by 
power plants in vehicles and spacecraft, but are typically met by 
battery packs or fuel cells in the case of small arms lasers. These 
battery packs or fuel cells are carried in the same backpack as the 
homopolar generator. 



86. Chemical Laser Cartridge 
Powering a laser by chemical laser cartridge (CLC) allows the laser 

to function in the fashion of a conventional firearm or artillery piece, 
in that each shot consumes an ammunition cartridge, whose empty 
casing is then ejected allowing the laser to be reloaded and fired 
again. 

A chemical laser cartridge is quite different from the similarly 
named cartridges used by the explosive power generators (EPCs) in 
the Power Production chapter (Section 8). The chemical reactions 
generated by CLCs are not efficient for producing electrical energy. 
Rather, theyproducea population inversionofenergized atomsand/ 
or molecules which can be manipulated to release photons of a 
particular wavelength which are focused into a laser beam. 

Each CLC contains the full input energy required for the shot as 
calculatedin Step4above.Thechart belowshowstheamountof Mj 
per kilogram that can bechemicallystoredfor releaseaslaserenergy, 
based on tech level. To calculate the mass of chemicals needed, 
dividethelE(in Mj)from Step4 bythenumberon thechart, and the 
result is the required amount of chemicals in kilograms. 

* 13-15 2 
16-19 3 

.---?.----r.-vrAm7 

20+ 4 

Once the required mass of chemicals is known, the chemical 
cartridge itself must be designed. The simplest way to do this is to 
design a cylindrical cartridge three times as long as its diameter. CLC 
chemicals have a volume of 0.1 liters per kilogram (10 kg per liter; 
other units may be more convenient for very large or very small 
lasers; CLC chemicals also have a volume of 0.1 cubic meters per 

tonne[lO tonnespercubicmeter] orO.1 cubiccentimeters pergram 
[ l o  grams per cc]). Cartridge price is Cr30 per Mj of input energy. 

To find the dimensions of the 3xD cartridge, use the equation: 1 

2 

3 

0.376 x = radius of cartridge 

Cartridge diameter is 2 x radius, and cartridge length is 6 x radius. 
Designers will frequently prefer to change the diameter into a round 
number and recalculate the cartridge length to make up for the 
difference, using the formula: 

srr2 x length = cartridge volume, where sr = 3.1416 

Rate of Fire: Rate of fire is defined as above for direct electrical 

Rate of fire with CLCs is limited by the weapon's purge cycle, the 4 input lasers. 

rate at which it bums and disposes of the CLC chemicals. CLC lasers 
create energy by releasing the chemical energy stored in the 
cartridges. These chemicals are combined in a controlled fashion in 
the laser's combustor. It is in the combustor, filled with energetic 5 
atoms and/or molecules, that the laser beam is generated. As the 
energy is withdrawn from these molecules in the form of energetic 
photons, the used chemical fuel is removed by the evacuator to 
prepare for the next shot. Depending upon the environment, this 6 
highly caustic, highly poisonous spent fuel is either stored in a 
cannister or expelled out of the laser. This evacuation cycle is 
combined with the cooling cycle for greater efficiency. 

require the increase in size of the focal array. Instead, the volume of 
the combustor/evacuator system yields the maximum rate of fire. 

All CLCs have a base combustor/evacuator volume of 0.055 cubic 
meters (55 liters) per Mj of input energy (IE, defined in Step 4) per 8 

Unlike direct electrical lasers, ROFs above a certain level do not 7 
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CLC cartridge. This yields an ROF of one shot per second (five shots 
per combat turn). Volumes greater or less than this amount yield 

Divide the actual volume of thecombustor/evacuator by the base 
volume (0.055 m3/55 liters x IE), and multiply the result by 5. This is 
the number of shots per combat turn that can be fired. Combustor/ 2 evacuators mass 1 tonne per cubic meter (1 kg per liter) and cost 
Cr0.5 per cubic meter (Cr500 per liter). This includes weight and 
volume for a closed-cycle cooling system. The cooling system 
requires overhaul and recharging of fluids after the equivalent of 
1000 turns of maximum ROF fire. This recharging costs Crl 00 times 
the cooling system's displacement in liters. 

CLC Laser Ammunition Feed: CLC lasers require an ammunition 
feed system. For small arms lasers (lightfocal arrays), this is a receiver- 
magazine assembly similar to those used by normal slug-firing small 4 arms. For non-man-portable lasers (heavy focal arrays), the feed 
system is an electrical action with attached autoloader. Some heavy 
weapons may fall between this range; although they are equipped 
with light focal arrays, it is more convenient to equip them with 

The maximum CLC cartridge feed rate is five cartridges per five- 
second turn. This is sufficient for full semiautomatic fire. In order to 
achieve automatic ROF levels, multiple laser pulses are extracted 6 from a single CLC cartridge. Burst size can be 3,5, or 10, depending 
upon the amount of energy stored in the cartridge. Simply design 
cartridges with sufficient input energyfor the full number of shots in 
the burst. Be sure to note in the weapon's listing that only one 7 cartridge is  fired per automatic bunt, rather than the usual one 
cartridge per automatic shot. 

Small h s  with Magazines: Each weapon requires a receiver, which 
extractstheCLCfrom themagazine, holdsthecartridgewhileitscontents 8 are explosively combined in the combustor, and then ejects the spent 
round to make space for a new one. The receiver'svolume is equal to 80 
timesthevolumeoftheCLCcartridge,weighs 1 kilogram perliter(1 gram 
per cubiccentimeter), and has acostin creditsequal toitsvolumein liters 

Magazine types used with these weapons are grip magazine, box 
magazine, and cassette. Their characteristics are identical with those 
described for CPR small arms on pages 96-97. The CLC receiver as 1 0 described aboveisfullycompatiblewith thelisted magazinedescrip- 
tions, and CLCs are not necked cartridges. 

Large Lasen with Autoloaden: The volume of the action and 
autoloader is equal to 35 times the volume of a single CLC round for 1 1 the laser. The assembly weighs 1 tonne per cubic meter and costs 
MCrO.O1 per cubic meter. 

The magazine may be any size desi red by t he designer. The weig h t 
of the empty magazine is equal to the weight of all of the rounds 1 2 carried multiplied by 0.01. The price of an empty magazine (some- 
timescalled a hopper) in Cr is equal to its weight in kilograms times 
5. The volume of a magazine in cubic meters is  equal to the mass in 
tonnes + 5 of the rounds carried by the magazine. 

Reload time, in five-second turns, is equal to the loaded weight of 
a magazine in tonnes multiplied by 10, rounding fractions up. 

Wavelength Tuning of CLC Lasers: CLC lasers may have tunable 
wavelengths as discussed above in Steps 1 and 5. However, because 
the wavelength of a CLC's beam is controlled by the specific 14 chemical reaction taking place in i ts combustor, it must have a 
combustor which is modified to allow for various chemical reactions, 
and the laser must also be supplied with a variety of ammunition 
which will generate a variety of wavelengths. A tunable combustor/ 

1 correspondingly higher or lower rates of fire. 

5 heavy autoloaders. 

9 multiplied by 2000 (Cr = 2000 x volume in liters). 

evacuator assembly merely costs twice the normal price (Crl per 
cubic meter/Crl000 per liter) listed above. CLC ammunition for 
specific wavelengths has no difference in price, but any players or 
military force must take steps to ensure that they are supplied with 
the correct ammunition for their needs. In addition, referees may 
stipulate that some worlds have specific compounds in their atmo- 
spheres that absorb common laser wavelengths that are otherwise 
normally effectivein that atmosphere type (this should especially be 
the case in tainted atmospheres). As with all tunable lasers, tunable 
CLCs must have their effective ranges calculated separately for the 
different wavelengths that it fires. 

9. CREW 
Any vehicle- or spacecraft-mounted weapon must be designated 

as crewed or uncrewed. A laser can only be left uncrewed if the 
vehicle in which it is installed is equipped with one or more master 
firedirectors (MFDs) which will be used to control it remotely. In the 
eventof thedestruction of all of avehicle's MFDs, an uncrewed laser 
may not be fired. A crewed laser may also be fired remotely by an 
MFD, butcan also be fired under"loca1 control" by thegunner if the 
MFD cannot be used to fire the laser. 

Small armsor heavyweapons lasersdo not need workstations, but 
ground turret and carriage-mounted lasers do, unless they are wired 
intoaground-based MFD. If itisto becrewed, theweapon musthave 
a gunner's workstation installed with the characteristics of a normal 
workstation as presented in the Controls chapter (Section 4). 

Heavy weapons lasers require a crew of one, although additional 
crew may be required to help carry the weapon and its mount, and 
(in the case of CLC lasers) to assist with ammunition. On average, 
troops can carry 72 kg each at the burdened rate, but this must also 
include all of their other equipment. 

10. LASER FURNlSHlNGS 
AND SUPPORTING IIARLnIU"RE 

If the laser is to be mounted aboard a starship or vehicle, skip this 
step. If the laser is intended for use as a towed weapon, heavy 
weapon, or small arm, calculate the size of its carriage, mount, 
cooling system, stock, etc. 

1 OA. Carriage 
A heavy focal array laser can be mounted as a towed or otherwise 

movable weapon by placing it on a carriage. A towed carriage has 
the same mass as the laser mounted on it. The laser must include an 
HPC if it is direct electrical-powered, but may be plugged in to a 
power source a t  its destination. Carriage-mounted lasers have an all- 
around armorvalueof 1. Thiscan beincreased by enclosing thelaser 
and its supporting equipment in a "hull" with a certain thickness of 
armor according to the vehicle- or spacecraft-design rules. As this 
armor increases the mass of the laser, it will increase the mass of the 
carriage as well. 

The price of the carriage in MCr is equal to its mass in tonnes 
multiplied by 0.002. 

1OB. Mounts 
Very large or even normal-sized small arms lasers (light focal 

arrays) may be provided with tripods or bipods for use as heavy 
weapons. When fired from a bipod, short range is  increased by 30% 
(multiply by 1.3); when fired from a tripod, short range is  doubled 
(multiply by 2). However, short range may never be modified to 
greater than 300 meters. 
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Bipods weigh 0.1 times the loaded weight of the laser; their price 
in credits i s  50 plus the bipod's weight in kilograms times 10 (50 + 
[ l o  x weight]). The weight of a bipod is included in the final weight 
of a laser, but does not count against its volume. 

The weight of a tripod is equal to half the fully loaded weight of 
the laser times 0.5; the price in credits is 100 plus the tripod's weight 
in kilograms times 10 (1 00 + [lo x weight]). The weight of a tripod 
is not included in the final weight of a laser. 

1OC. Small Arms Cooling Systems 
CLC-powered lasers have their cooling systems integral to their 

combustor/evacuator assemblies. Only light focal array lasers pow- 
ered by direct electrical input need to undergo this step. 

Take the per-shot input energy (IE) calculated in Step 4 and 
multiplyit by1 O(IEx lO).The resultisthevolumeoftheclosed-cycle 
cooling system in liters. At least 50% of this system must be placed 
in theweaponitself,andatleast20%mustgointothe backpack.The 
remaining 30% may be placed in either the weapon or backpack. 

Thecoolingsjxtem masses2 kilograms perliter(2grams percubic 
centimeter) and costs 1700 credits per liter. 

Thecooling system requiresoverhaul and recharging offluidsafter 
the equivalent of 1000 turns of maximum ROF fire. This recharging 
costs Crl 00 times the cooling system's displacement in liters. 

10D. Small Arms Body and Stocks 
Add togetherthevolumeof thecomponents thatwill befitted into 

the weapon itself, separate from its backpack. For direct electrical 
weapons, this is focal array and cooling system; for CLC lasers, this 
is focal array, combustor/evacuator, and receiver (magazines are not 
part of the "empty" volume). 

Weapon Body Multiply this volume (in liters or cubic centime- 
ters,whicheverunitthedesigneris using) by0.05.Thisisthevolume 
of the weapon's structural body, which encloses and protects the 

weapon% components. Because lasers are finely calibrated and 
relatively fragile weapons, they must be "ruggedized" if they are to 
be fitted with additional items such as attached grenade launchers 
or rifle grenade adapters. Double the structural body above for 
ruggedization (to 0.1 x volume). 

These weapons are still too fragile to function in combat as melee 
weapons, and will notfunction after being used asclubs. If adesigner 
wishes for a laser to be fitted with a bayonet lug for use as a melee 
weapon, the body volume must be doubled again (four times the 
basic volume or 0.2 x volume). 

Mass of the body is 1 kilogram per liter (1 gram per cubic 
centimeter), and price is 100 credits per liter (0.1 credits per cubic 
centimeter). 

Weapon Length: To find the length of the weapon, take its total 
volume including its body, and convert into cubic centimeters. (For 
those not already working in cubic Centimeters, 1 liter = 1000 cubic 
centimeters, 1 cubic meter = 1,000,000 cubic centimeters.) 

Take the cube root of the volume, and multiply the result by the 
configuration multiplier. Direct electrical input and CLC lasers have 
different configurations, with CLCs being shorter, bulkier, and more 
robust looking, and direct electrical lasers being lighter, longer, and 
finer-lined. 

Tvwe Lenath Multialier 
,#  a 

Direct E t t -  '8.3 
Chemical Laser 3.4 

The result is theweapon's basic length in centimeters beforestocks 

Additional features may be added to the weapon, and may 
and optional items below are added. 

increase its length. 
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Bayonet Lugs: Bayonet lugs are simple standardized brackets at 
the end of the weapon barrel. A bayonet lug costs nothing, has 
negligible mass, and adds no length to the weapon. 

To be most effective, a bayonet must be mounted on a well- 
balanced weapon with sufficient length to allow it to be used as a 
spear point. As a result, only weapons with a bulk (see 1 1 F below) of 
4ormore mayprofitablybenefitfrom a bayonet lug. Shorterweapons 
may have them but the mounted bayonet counts as a short range 
(instead of long range) melee weapon and suffers a +1 Difficulty modifier 
for its chance to hit in armed melee combat. The laser's structural body 
must be ruggedized to the 4 x level for a bayonet lug. 

Grenade Adapter: For obvious reasons, lasers may not fire 
standard shot trap rifle grenades. They may, however, fire RAM 
(Rocket Assisted Multipurpose) rifle grenades (RAMRiCs). Agrenade 
adapter allows the firing of RAMRiCs, adds 5 cm to the length of the 
weapon and costs CrSO. The laser's structural body must be rugge- 
dized to the 2 x level for a grenade adapter. 

Attached Grenade Launcher: Lasers may have attached 
(underslung) grenade launchers added to them. See the Launchers 
chapter for details on their design. The launcher may not be greater 
than one half the length of the laser. The laser's structural body must 
be ruggedized to the 2 x level for an attached grenade launcher. 

Stocks: If the weapon's length (exclusive of RAM grenade adapt- 
ers) is greater than 40 centimeters, it is presumed to already be 
configured as a two-handed weapon, and need only be fitted with 
a bullpup stock from the table below. If shorter, it must befitted with 
a stock to function as a two-handed weapon to gain the range 
benefits in Step 6B above. If left as a one-handed weapon, it must be 
fitted with a pistol grip. 

Theweapon'sfinal length is its base length derived above plus the 
length of any stocks fitted, plus the length added by a rifle grenade 
adapter (if any). 

TL TvDe Lenath Icm) Mass Ika) Credits r .  . , . e  . d. 

3 " Wood p i s t o f x 7  0 .  0.2 -- "'5 
Wooden stock 25 1 25 

5 Hollow pistol grip 0 0.1 25 

Plastic stock 25 0.5 30 

9 f Carbine stock 25 0.7 20 

10 Bullpup 5 0.1 10 

6 Folding stock 5/25 0.5 50 . *  

10E. Sights 
Because light focal arrays may not be fitted with beam pointers, 1 1 they must befitted with eithersmall armssights,orsometimesdirect 

fire controls for heavy weapons. For direct fire controls, see the Fire 
Control chapter (Section 14). 

If optic sights were specified in Step 6B above, their price, volume, 1 2 and mass must be added to the laser. These are mounted outside of 
the laser's structural body, so are specified at this point, and their 
volume is added to the already calculated volume. Volume of all 
sights listed below is  one liter per kilogram. 

13 OPTIC SIGHTS 
rL Range . Mass (kg) Price (Cr) 
7 xl .os '' '0.1 150 
8 x l . l  0.1 150 14 

For advanced sights, such as laser, telescopic, and electronic, see 
the Small Arms chapter, pages 97-98. 

1OF. Small Arms Backpacks 
Small arms laser backpacks are only needed by direct electrical 

input lasers. They contain the full volume and mass of the HPG and 
power supply, plus power supplyfuel if necessary, and 20-50%of the 
cooling system. 

Total the volume of the included components, and convert the 
results into liters. Multiplythevolume in liters by0.3 toget the mass, 
in kilograms, of the backpack casing. The volume of the backpack is 
equal to the volume of its contents, calculated above. The casing 
provides an armor value of 1 to the contents, and costs 3 credits per liter 
ofwlume.Annorprotectbn may beincreased byincreasing thesevalues 
(doubling thecasing massand pricedoublethearmorvalue, and soon). 

The weight and cost of the cable connecting the backpack to the 
weapon is subsumed in the weights and costs of those items. 

11. PIII/SIC/IL CllARACTERlSTlCS 

following total figures for the gun. 
Add up or bring down the above components to obtain the 

11A. Volume 
In cubic meters. Add focal array volume (as adjusted by ROF), 

beam pointer volume, HPC or combustor/evacuator volume, CLC 
feed system (if any), gunner's workstation volume, carriage volume 
(if any), and any small arms systems. 

11 B. Mass 
In tonnes.Addfoca1 arraymass(as adjusted by ROF), beam pointer 

mass, HPC or combustor/evacuator mass, CLC feed system mass (if 
any), gunner's workstation mass, carriage mass (if any), and any 
small arms systems. 

11 C. Price 
In MCr. Add focal array price (as adjusted by ROF), beam pointer 

price, HPC or combustor/evacuator price, CLC feed system price (if 
any), gunner's workstation price, carriage price (if any), and any 
small arms systems. 

11 D. Power Requirements 
In MW, if direct-electrical type. Carry down from Step 8A above. 

If CLC, power requirement is limited to description of the size of its 
ammunition and magazines from step 8B. 

11 E. Surface Area 
Surface area of a laser for purposes of installation on a starship or 

vehicleonlyis equal to its focal area surface area as calculated in Step 
4, or its bay surface area as calculated in Step 3. 

11 F. Bulk 
For small arms lasers only, calculate the bulk by taking the length 

of theweapon in centimeters and dividing by1 5. Dropfractions.The 
result is its bulk. 

11 C. Recoil 

11 H. Combat Performance 

Lasers have no recoil. 

Short range, medium range, long range, and extreme rangein km 
and/or space combat hexes, plus damage values a t  those ranges, 
along with ROF, listing any -difficulty modifiers as applicable. Carry 
down from Steps 7 and 8C. 
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CHAPTER 9 
Munitions 

This chapter covers the variety of projectiles fired by weapons, 
excluding small arms projectiles. These projectiles have various 
functions. This chapter‘s design sequence will be broken into three 
general parts: warheads, propellant, and guidance. Warheads are 
dealtwithfirst, sinceeven thesimplestprojectile hasawarhead, wen 
if it is only a solid metal shot. Mas driver projectiles and gravity 
bombs usually consist solely of a warhead. 

CPR gun projectiles have a propellant charge which is consumed 
in the gun itself. CPR gun projectiles which also have a small rocket 
for additional range are called RAP (rocket-assisted projectile) am- 
munition. If a solid-fuel rocket motor is attached to a warhead, the 
warhead becomes a free-flight (FF) rocket. 

If a guidance package is attached to an unpowered warhead, it 
becomes either a cannon-launched guided projectile (CLGP) or a 
guided bomb. If a guidance package is attached to a rocket- 
propelled warhead, it becomes a guided missile. 

WNIIIEADS 
Warheads are the business end of any munition. Designing 

warheads proceeds in the following order. 
A. Specify Warhead Type: A number of different warhead types 

are available, each with its own specialized function. 
1. High Explosive (HE): High explosive is probably the 

mostcommon warheadin use.Thewarhead is hollow and filled with 
an explosive bursting charge and fused to detonate under a variety 
of conditions (impact, altitude, proximity, delay, etc.) The metallic 
warhead casing isoften scored internally or lined with scored wire to 
produce the maximum number of lethal fragments. 

2. Kinetic Energy Armor Piercing (KEAP): The earliest 
gunpowder artillery was used in siege work to batter down the 
enemy’s walls, and so penetration of armor (stone armor in this case) 
has been an issue of gun design from thevery beginning. The ability 
of a gun to penetrate metallic armor has been addressed urgently 
and scientifically ever since the appearance of the first ironclad 
warships in the mid-1 9th century. 

In general terms, a gun’s projectile penetrates armor by means of 
kinetic energy, and so thegreater the muzzle energy, thegreater the 
penetration of thegun, all other things being equal. All other things 
are seldom equal, however. A round with a smaller frontal area will 
penetrate more armor than a round with identical muzzle energy 
and a largerfrontal area, as the energy of the round is concentrated 
on a smaller part of the armor, giving more energy per square 
centimeter. 

This is  part of the reason discarding sabot rounds have greater 
penetration than normal rounds. The penetrator is a subcaliber rod 
encased in a lightweightsabot (pronounced SAY-bow)whichfiIlsthe 
spacearound thepenetratorinthegun barrel.0ncetheround leaves 
the gun, the sabot falls away (hence the term discarding sabot) 
leaving the penetrator to fly on alone to the target. When it strikes, 
the full energy of the round is concentrated on the smaller frontal 
area of the penetrator. 

The above discussion should not leave the impression, however, 
that penetration is asimplematterofjoules persquarecentimeterof 
armor contacted; it i s  not. Overall muzzle energy is a far more 
powerful predictor of penetration than energy persquare centimeter 
contacted, since certain minimum energies are required to disrupt 
the integrity of armor of a given thickness and hardness. 

For example, theGerman World War II SOL60 antitankgun,found 
on field carriages and in the turret of Panzer Ills, could penetrate 
about six centimeters of armor (Traveller armor value of 12) a t  1 
medium range (1 000 meters). It had a muzzle energy of 1.63 Mj. 
Given a projectile diameter of SOmm, this gives it a frontal area of 
about 20 square centimeters, or an energy density over its front of 
roughly 80 kilojoules. 

By contrast, the German 88L71 gun, found on field carriages and 
as the turret gun of the massive Tiger II, could penetrate about 19 
centimeters of armor (Traveller armor value of 38). It had a muzzle 
energy of about 4.5 Mj, a front cross-sectional area of 60 square 
centimeters, and an energy density over its front of roughly 75 
kilojoules. 

Notice that the 88L71’s round penetrates almost three times as 
much armor but has about thesame (actually slightly lower) energy 
density acrossthefrontthandoes the50L60. Noticealsothatin both 
cases, the rounds penetrateaboutfourcentimetersof armor(8 levels 
of Traveller hard steel armor) per megajoule, illustrating the over- 
whelming importance of gross muzzle energy. 

however, and those limits center around the ability of the shot to 
withstand the impactwith the armor. Beyond acertain velocity, solid 
steel shot will simply shatter against an armored plate. Early naval 
designers noticed this effect, and found it particularly prevalent 6 
against face-hardened armored plates. To deal with the problem, 
hard steel caps werefitted overthe noseof theshot, and thistypeof 
ammunition (APC,forArmor Piercing Capped)is thetypemostoften 
found at tech level 5. Since the best penetrating caps were rounded 7 
or blunt, a second pointed cap, to improve the ballistics of the shot, 
was often fitted as well, producing APCBC (Armor Piercing Capped, 
Ballistic Capped) ammunition.These are not treated as separate 
ammunition types in these rules, as they are really just minor 8 
improvements on the same basic round-a solid steel fulltaliber 
penetrator. 
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The nextstep forward was to concentrate the muzzleenergy of the 
round over a smaller surface. Thiswas accomplished by em bedding 1 asubcaliberpenetratorina 1ightweightoutershelI.Thelowerweight 
of the round usually meant that it had higher muzzle velocity 
(gaining back its original muzzle energy as it traded mass forvelocity) 
and so these rounds are usuallycalled HVAP (for High Velocity Armor 2 Piercing). Aconventional steel penetrator would not stand up to this 
greater energy density, and so tougher materials had to be used, 
usually tungsten a t  tech level 5, where this ammunition appears. 
Difficulties in machining tungsten a t  that tech level make the round 3 difficult to mass-produce, and so it was usually issued in limited 
numbers as a back-up round in case the weapon encountered a 
particularly we1 I-armored opponent. The disadva ntage of this round, 
aside from that mentioned above, was that its full-caliber ballistic 
cross-section gave it a high drag relative to its mass, and so it tended 4 to decelerate more quickly than did a conventional round. Thus its 
penetration, while higher at first, declined quickly. 

9 

10 
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round through the rifling grooves(called lands) in the barrel.TIhese 
grooves impart spin to stabilize the round, but limit the speed of the 
round. Forcing a round out the barrel too fast will simply strip the 1 3 outer band from the round and push it out the barrel with no spin 
at  all, in which case itwill tumble end-over-end and quicklyveer off 
course and decelerate. This is a function not onlyof velocity but also 
of the resistance the round has to spinning, based usuallyon its mass. 

The solution is to dispense with rifling altogether and use fins to 1 4 stabilize the round, hence the APFSDS (Armor Piercing Fin Stabilized 
Discarding Sabot) ammunition of tech level 7. Some early rounds a t  
this tech level, in orderto use existing rifled guns, used an ingenious 
hybrid system where the penetrator itself did not spin but the sabot, 

At almost the same time, gun designers began experimenting 
with the discarding sabot mentioned earlier. The advantage of this 
approach was that when the lightweight sabot was discarded, the 
round no longersuffered drag from it and sodid notsuffer thesharp 
fall-off in velocity. The disadvantage was that early APDS rounds 
tended to be unstable in flight and inaccurate, effectively negating 
the advantage of the round. For this reason, we ignore sabot rounds 
until tech level 6, where the technologywas sufficiently perfected to 
allow accurate long-rangefire. As with the HVAP round, the penetrator 
of a sabot round had to be made of a very tough metal, such as 
tungsten, or it would break up on impact with enemy armor. 

As propellant and metallurgy allow higher pressure levels in the 
gun tube, it becomes possible to force a round out of the gun at 
hiqhervelocities. Some of this eneravis used, however. in forcina the 

mounted on a free-spinning race around the penetrator, did. Since 
only the lightweight sabot spun, little energy was used forcing it to 
do so, and its low resistance to spin meant that rounds could be 
forced out of the tube a t  very high velocities. 

Smoothbore guns are so efficient that they enabled gunners to 
approach the practical limit on muzzle velocities of an explosively 
propel led gun, that being the velocity at which the gas expandsfrom 
the explosion of the propellant. Obviously, a round cannot be 
pushed faster than the rate of gas expansion in the explosion, no 
matter how powerful the explosion, and the effective upper limit on 
velocity from this sort of propellant is 2000 meters per second. 
Contemporarysmoothboretankguns all throw their APFSDS rounds 
at about 1 700 meters per second. (By contrast, hardlyanyworld War 
II guns exceeded 1000 meters per second in muzzle velocity.) 

The next step was to make the penetrator more massive, but 
hopefullywithout increasing its frontal area. This was accomplished 
by using not only tougher metals, but heavier ones, the first being 
depleted uranium, producing the APFSDSDU (Armor Piercing Fin 
Stabilized Discarding Sabot  Depleted Uranium) ammunition of tech 
level 8. The ammunition of the 120mm gun of the M1 A1 is a good 
illustration of the performance possible with this approach. The 
depleted-uranium penetrator has a mass of a little over 6 kilograms 
(as opposed to the 4.5-kilogram tungsten penetrator of the Soviet 
125mm gun). Its muzzle velocityof 1675 meters per second gives it 
a muuleenergyof slightly more than 9 megajoules. By comparison, 
the German 128L55 gun mounted on the Hunting Tiger of World 
War II threw a 28-kilogram penetrator at 930 meters per second for 
a whopping 12 megajoulesof muuleenergy. ButwhiletheGerman 
fulltaliber capped steel round would penetrate 24 centimeters of 
armor (2 centimeters, or 4 armor levels, per megajoule), the M1 Al’s 
round will penetrate 65 centimeters (7 centimeters, or 14 armor 
levels, per megajoule). 

Notice that even as early as World War I1 (tech level 5), it was 
possible to mount a gun on a mobile chassis capable of generating 
over 10 megajoules of muzzle energy. 

Having reached the ballistic limits of this type of weapon, remain- 
ing improvements come from tougher and more massive subcaliber 
penetraton, made from crystaliron (tech level lo), superdense (tech 
level 12), bonded superdense (tech level 14), and bonded coherent 
superdense (tech level 17). 

But while the limits of explosively driven projectiles had been 
reached, there was still an additional step available to wring the last 
ounce (orgram)of performancefrom conventional guns, that being 
electrothermal propulsion or, in its most effective form, electrother- 
mal-chemical (ETC). 



An ETC round consists of a projectile exactly like that fired by a 
conventional powder charge and a casing behind it. This casing 
consists of two parts, a fuel supply and a combustion chcmber. The 
fuel can consist of any fluid, even water, althdgh chemically 
energetic working fluids work best (the difference between basic 
electrothermal-ET-weapons and ETC is that ETC harnesses and 
enhances thechemical energyof theworking fluid, ratherthan using 
an inert working fluid). A powerful electriccurentconverts thefuel in 
the combustion chamber to a plasma state, which escapes out the front 
of the casing and propels the projectile down the barrel. How is this 
different from a conventional round and what makes it more efkient? 

Conventional barrels aredesigned towithstand the high pressures 
created byfiring theexplosivethat propels the round outof thegun. 
However, a conventional explosive propellant produces a dramatic 
pressure spike a t  the breach end of the barrel, which falls off 
dramatically as the projectile moves down the barrel (as thevolume 
of space behind it in the barrel increases). This meansthat even though 
mostguns have reinforced breachesand thinnerbarrds nearthemuules, 
they arestill capableof withstanding much more pressure toward the end 
of the barrel than they are called on to withstand. 

In thecase of ETC, however, the fuel is notconverted to plasma all 
at once. The initial conversion creates pressure behind the projectile 
similar to that found in a conventional weapon, but as the projectile 
moves down the, barrel, the casing continues to convert fuel to 
plasma, maintaining the same pressure in the barrel. Electrothermal- 
chemical propulsion techniques allow effective doubling of muzzle 
energy without any increase in weight of a gun (although some 
additional recoil compensation is necessary). ETC ammunition is 
being test-fired as this iswritten,withsomeextraordinaryresults,and 
wiil be widely available at tech level 9. 

Beyond ETC and certain dense, tough metalsfor penetrators, the 
next major step forward will be electromagnetic propulsion. But as 
that constitutes an entirely different classof weapon, it is discussed 
separately. 

3. High Explosive Armor Piercing'(HEAP): The disadvan- 
tage of a high-velocity solid penetrator is that it relies almost 
exclusively on muzzle energy to pierce armor, and high muzzle 
energies require massive gun systems, much more massive than can 
be carried by an infantryman (who usually has his hands full with his 

personal weapon). Oneanswer was found in the shaped charge round, 
also called a hollow charge round, which relieson theenergygenerated 
by an exploding shell rather than the muzzle energyof the projectile. 6 

Ashaped chargeshell has an explosive chargewith a hollow cavity 
recessed into the front of it (hence the "hollow charge" name). The 
hollow cavity i s  shaped like an inverted cone (hence the "shaped 
charge" name) and lined with metal. When the round hits its target, 7 
thecharge detonates and turns the metal conical liner of thecharge 
into astream of molten metal.Theshapeofthechargetendstofocus 
the molten metal into a narrow high-speed jet directlyforward. This 
jet of gas and molten metal is what actually penetrates the armor. 8 

Foryearsitwaswidelythoughtthatthemolten jet burned through 
the armor, and 50 these shaped charges were also often called 
"thermal" penetraton. Actually, the temperatures generated bythe 
explosion, whilevery high, are not high enough to melt through the 9 
armor as quickly as the jet actually penetrates it. Instead, the jet 
penetrates by kinetic energy, the same way that a solid penetrator 
does. That is, if you calculate the mass of the molten metal jet and 
itsvelocity, you can determine its im pactenergyin thesamewaythat 1 0 
we calculated muzzle energy above and determine its armor pen- 
etration. (The mechanism used to calculate its game penetration is 
somewhat easier than that, however.) 

a a  
I I  
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14 4. Sew-Forging Penetrator (SEFOP): A SEFOP round is a 
cross between a KEAP and HEAP round. Like the HEAP round, the 
warhead gains its penetrating energyfrom the force of an explosion. 
The penetrator created by the shaped charge explosion, however, is 
a much more massivestream of metal, and thechargefires afarther 
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distance awayfrom the target. The stream of molten metal becomes 
dart-shaped and hardens due to atmospheric resistance as it travels 
to the target (hence the term "self-forging") 

SEFOP rounds are less effective than comparably sized HEAP 
rounds, but have the advantages of a solid penetrator and not 
requiring the round itself to contact the target. The solid penetrator 
means that armorsystems treat SEFOPas a KEAP round (reducing the 
effect of electrostatic armor and making explosive reactive armor 
completely ineffective against it). 

The fact that the round itself does not have to contact the target 
makes it useful as a remote-area munition. SEFOP warheads with 
sensors (IR sensors, video sensors, etc) and suspended from para- 
chutes can be dropped near the enemy. As the warhead swings 
around under the parachute, it scans for a target. When it is aimed 
at  atarget and within itseffectiverange(approximately100 meters), 
itsimplyfires and does not require any additional maneuver capabil- 
ity to hit the target. 

5. Chemical (CHEM): Chemical warheads are hollow and 
filled with a chemical agent. This agent may be toxic (poison gas), 
or it may be a smoke-generating compound. In both cases the 
characteristics of the warhead itself are identicaknly the effect of 
the agent differs. 

Most chemical rounds are base-ejection rounds. This means that 
theagentis released through the baseof theround, either afterit hits 
or while it is still in flight, depending on which is the most effective 
means of delivering the agent. 

6. White Phosphorus/lncendiary Smoke (WP/IS): White 
phosphorus burns a t  very high temperatures and produces large 
quantities of thick, white smoke. As a result, these rounds are 
sometimes called WP (White Phosphorus), or "Willy Pete," and 
sometimes called IS (Incendiary Smoke). The round is excellent for 
building a quick smoke screen. The heat of the round also makes it 
difficult for thermal or infra-red vision devices to see past the impact 
point of the shell. Finally, white phosphorus also has considerable 
anti-personnel capabilities. 

White phosphorus rounds are difficultfor manyvehicles to use, as 
ammunition is usually stored horiiontally in vehicles. (It is easier for 
a human loader to remove rounds stored horiiontally than verti- 
cally.) White phosphorus rounds must bestored vertically, however. 
If the round is stored horizontally, the white phosphorus tiller will 
settletoonesideof thewarhead and throw itoutof balance, ruining 
its accuracy. 

7. Illumination (ILLUM): Illumination rounds contain a 
brightly burning flare, usually made in part from magnesium pow- 
der, suspended from a parachute, balloon, or other lift agent. The 
round bums brightly after it bursts over the target, providing bright 
daylight illumination of the battlefield. 

8. Submunition (SM): Submunition warheads are hollow 
shells containing a number of smaller warheads. These smaller 
warheads are usually the size of hand grenades or slig htly larger. The 
submunition warhead bursts over the target and scatters the 
submunitions (grenades) over the target area. Submunitions are 
particularly effective against personnel in the open. Variant war- 
heads with HEAP warheads also can damage armored vehiclesif their 
overhead armor is fairly thin. Submunitions are seldom effective 
against troops in hardened shelters with good overhead protection. 
incendiarywarheads allow a large area to be ignited quickly and are 
often used in aerial attacks on cities. 

Submunition rounds fired by artillery are usually called ICM 
(Improved Conventional Munitions). If the grenades have HEAP 
warheads, the round is called ICM-DP (Improved Conventional 
Munitions-Dual Purpose). When dropped from aircraft, these 
warheads are usually called cluster bombs. 

9. Remotely Delivered Mine (RDM): RDM Ammunition is a 
variant of submunitions ammunition, but instead of impact war- 
heads the round contains mines. The mines become active upon 
striking the ground and create a surface minefield. Although not 
camouflaged, the mines can be difficult to detect from a vehicle, 
particularly if they are in tall grass. This type of warhead is not 
effective against areas with particularly tall vegetation (such as trees) 
as the mines tend to get caught in the branches overhead. 

There are two types of remotely delivered mines: RDAAM (Re- 
motely Delivered Antiarmor Mines) and RDADM (Remotely Deliv- 
ered Area Denial Mines). RDAAM mines use HEAP warheads and will 
onlydetonateifcrossed byavehicle. RDADM mines use HE warheads 
and are intended mainly to attack personnel. 

10. Flechette: Also called APERS (antipersonnel), this war- 
head is filled with thousands of very small arrowhead-shaped darts 
(flechettes). The round also has a timing fuse and a bursting charge. 
When fired attheenemy, the round travels partof thedistance to the 
target and then explodes, releasing the flechettes to continue along 
the ballistic path of the round. The round is murderous against 
unprotected or lightly protected personnel, but has little penetration 
against armor. 

11. Chaff: Achaff warhead is filled with lightweight strips 
of radar-reflective material designed to reduce the effectiveness of 
enemy radar and active EMS sensors. 

B. Warhead Tech Level 
The tech level of the warhead influences its performance in a 

varietyofwaysshown in laterstepsof thedesign process. In addition, 
certain warheads are not available until higher tech levels. 

TL Warhead 
Wst w a r k G  " 

5 HEAP 
" - 5  - *  WP 

.. . I  

7 Submunition 

8 SEFOP 

C. Warhead Diameter 
The warhead diameter is the bore of the gun (in centimeters) from 

which theround isfired,if i t isa roundof artilletyammunition.Bomb, 
rocket, and missile warheads may be of any diameter desired. 
HE, KEAP, and HEAP warheads may be any size from 2cm up. 

Submunition and RDM warheads must be a t  least 1 Ocm in diameter. 
All other warheads must be at  least 4cm in diameter. 

Submunitions are additionally categorized as light, medium, or 
heavy, depending on their warhead diameter. Light submunition 
warheads are less than 15cm in diameter. Medium submunition 
warheads are less than 2Ocm in diameter. Heavy submunition 
warheads are 20cm or more in diameter. 

Aerial bombs are usuallydesignated by mass ratherthan diameter, 
but since the rest of the design sequence relies on warhead diameter, 
select a warhead size that corresponds to the desired mass. 



D. Damage Value 
Damage value is a measure of the force generated a t  the point of 

impact by the warhead. Usually this is a measure of the explosive 
forceof the round, and iscalled itsconcussion rating. Non-exploding 
rounds do damage by energy of impact. Damage is calculated 
differently for various types of warheads. 

1. High Explosive: HE rounds do damage by the concus- 
sion of the explosion of their bursting charges. The concussion value 
of the charge is calculated using the following formula: 

C=TmxDZ 
(Concussion equals tech modifier times diameter squared) 

C: Concussion value 
D: Warhead diameter in centimeters 
Tm: Tech level modifier, as shown on the following chart: 

TL Tm 

7 -15 
8 .175 
9 .2 
lo+ .25 
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2. KEAP Kinetic energy warheads have a damage value 
equal to their diameter in centimeters multiplied by 2.2. This is a 
constantvaluefor useonlyfordirect hitson personnel. l t i s  never used 
vs. vehicle targets. 

3. HEAP HEAP warheads use the sameformula and table 
as for an HE round of the same diameter, but multiply the final 
result by 0.66. 

4. SEFOP: SEFOPwarheads usethesameformulaandtableas 
for an HEround of thesamediameter, but multiplythe final result by05 

5. CHEM: All chemical warheads less than 1 Ocm in diam- 
eter have a concussion value of 2, while all warheads 1 Ocm or more 
in diameter have a concussion value of 3. 

6. WP: All white phosphorus warheads less than 1 Ocm in 
diameter have a concussion value of 2, while all warheads 1 Ocm or 
more in diameter have a concussion value of 3. 

7. Flechette: Each flechette does personnel damage equal 
to fragments by burst area (2D6 within primary radius, 1D6 in 
secondary). 

8. Others: Other warhead types have no damage value. 

E. Burst 
Burst radius defines the area covered by the primary effects of a 

bursting warhead. This can be the area covered by potentially lethal 
fragments, chemical agents, illumination, and so on, depending on 
warhead type. 

The formulas below give exact burst radii. To convert to the 
standard Traveller burst area figures resolved to the 1 0-meter grid 
(see page 284, basic rules), round to the nearest 1 0-meter incre- 
ment. For example, 7 meters rounds to 5,12 rounds to 15,30 to 35. 

1.High Exp1osive:TheburstradiusofanHEwarhead isthe 
primary burst area covered byfragments. The burst radius in meters 
is the square root of the warhead's concussion value multiplied by 
the munition multiplier, as shown below. 

Munition Multiplier 

Mortar, Rocket, Aerial Bomb 10 

2. KEAP Kinetic energy penetrators do not explode and so 
have no burst radius. 

3. HEAP The burst radius of a HEAP warhead is calculated 
with the formula for HE warheads, but the result is multiplied b y 0 5  

4. SEFOP The burst radius in meters of a SEFOP warhead 
is calculated using the same formula as for an HE warhead. 

5. CHEM:The burst radiusin metersof achemicalwarhead 
is equal to the warhead diameter squared and divided by 8. 

6. White Phosphorus: The burst radius in meters of a 
white-phosphorus warhead smaller than 1 Ocm in diameter is equal 
to the warhead diameter multiplied by 2. The burst radius in meters 
of a warhead 1 Ocm or greater in diameter is equal to the warhead 
diameter multiplied by 3. 

7.ILLUM:The burst radius in meters of an ILLUM warhead 
is equal to the warhead diameter in centimeters multiplied by a tech 
level modifier and the result squared. 

B = (D x Tm)z 
D: Warhead diameter in centimeters 
Tm: Tech level modifier, as shown below. 

TL Tm 

1 o+ 4 

8.Submunition:The burstradiusin metersof asubmunition 
warhead is equal to the warhead diameter in centimeters squared 
and divided by 4. 

At tech level 9 and above, it is possible to reduce the number of 
submunitions and add homing systems to the individual bomblets. 
Submunition roundswith homing bomblets haveonly half the burst 
radiusof a regular submunition round. (Burst radius in meters isequal 
to the warhead diameter squared and divided by 8). However, the 
designer specifies whether the homing sensors are set for vehicles or 
personnel.Add 2 tothechancesof adirect hitagainstthattargettype 
from a homing submunition. (Personnel would be hiton a roll of 1-3 
instead of just 1. Vehides would be hit on a roll of 1-7 instead of 1-5.) 

9. RDM: The burst radius in meters of a remotely deliv- 
ered mine warhead is equal to the warhead diameter squared and 
divided by 2. 

10. Flechette: Unlike other rounds, flechette rounds have 
an elongated burst area, since theflechettes keep moving along the 
ballistic path of the round after it explodes. The primary burst area 
is the area immediately after the point at which the round explodes, 
while the secondary burst area is the area after that. 

Because the flechettes retain the original velocity of the carrier 
round after it explodes, the burst area (also called danger space) of 
theflechettes is based on thevelocityof thewarhead. Thecalculated 
burst area is the length of the burst area. The width of the burst area 
is oncquarter of its length. 
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Representative flechette burst areas 
Primary Secondary -- 

Secondary 

c 
Primary 

Flechette burst radius for artillery shells is calculated using the 

B = .2R 
following formula: 

6:  Burst radius in meters 
R: Short range in meters 
Flechette burst area for rocket and missile warheads is calculated 

using the following formula: 
B = .OSV 

6: Burst radius in meters 
V: Average velocity in kilometers per hour 

11. Chaff: The burst radius in meters of a chaff warhead is equal 
to the warhead diameter multiplied by a tech level modifier and the 
result squared. 

B = (D x Tm)' 
D: Warhead diameter in centimeters 
Tm: Tech level modifier, as shown below: 

Ti Tm 

i 

._  .... 
4-5 

8-9 3.5 
6-7 :." 
1 o+ 4 

Any enemy radar attempting to detect a target through a chaff 
cloud does so a t  one level of difficulty higher. For each tech level the 
chaff warhead is above the sensor, add one more to difficulty. 

Chaff from a chaff round remains airborne in effective quantities 
for 1 D6 combat turns. 

F. Penetration 
Penetration represents the ability of a warhead to punch through 

armor and cause damage to the systems protected by that armor. 
The specific penetration capability of the weapon depends on the 
type of ammunition being fired. 

Penetration capabilities in Traveller are quantified in two ways: 9 penetration value and penetration rating. 
Penetration value is the total penetrative capabilityof a weapon or 

munition. It is most often used in vehicle com bat, and in rating large 
weapons. 

Penetration rating describestherelationshipbetween theweapon's 
damagevalueand its penetration value. Penetrationvalue= Damage 
value + Penetration rating. Likewise, Damage value = Penetration 
value x Penetration rating. 

1. High Explosive: HE (Hg h Explosive) rounds are the standard 
ammunition of mostfield guns from tech level 4on. As they explodeon 

1 0 
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contactand aredesigned tospread fragmentsin werydirection,theyare 
not effective armor penetrators, but can do some damage. 

Penetrationof HErounds is afunction of boresize. Multiplythe boresize 
(incentimeters) by1 .Sandsubtract 7todeterminethepenetrationvalue 
of the round. All HE rounds have a constant penetration value and 50 

should have the letter "C" written after the value. Rounds with a 
penetration value of less than 0 are shown as "Nil." Rounds with a 
penetrationvalueof 0 havethatlisted astheirpenetrationvalue(meaning 
that the final penetration is the base 2D6 roll without any addition). 

2. KEAP KEAP (Kinetic EnergyArmor Piercing) includes all 
solid penetrators which rely on muzzle energy to pierce hostile 
armor. Penetration value is a function of range, muzzle energy, and 
the type of ammunition fired. 

The base penetration value of solid shot (tech level 4) ammunition 
a t  medium range is based solely on muzzle energy (in megajoules) 
of the gun, as shown below: 

If Mj = 12+, then PV= Mjx4 
If Mj e 12, then PV= Mjx5 (but never higher than 48) 
If Mj e 9, then PV = Mjx6 (but never higher than 45) 
If Mj e 7, then PV = Mjx7 (but never higher than 43) 
If Mj c 5, then PV = Mjx8 (but P never higher than 35) 
If Mj c1.5, then PV = MjxlO (but P never higher than 12) 
If Mj e 1, then PV = Mjxl2 (but P never higher than 10) 
If Mj < 0.5, then PV = Mjxl6 (but never higher than 6) 
If Mj e 0.3, then PV= Mjx22 (but never higher than 5) 

For example, a gun has a muzzle energy of 4.6 Mj. Since this is less 
than5 butnotlessthan 1.5 Mj, thegun hasa penetrationvalueequal 
to Mjx8, or 36.8, rounded up to 37, but then reduced to 35 (the 
maximum PV for weapons with a muzzle energy less than 5 Mj). 

At higher tech levels, specialized ammunition allows increased 
penetration. Multiply the penetration of the round as calculated 
above by the ammunition multiplier, as shown below: 

SPECIAL AMMUNITION 
TL Ammo 

. .  6 APDS 1.7 
7 APFSDS 2.4 
8 APFSDSDU 3 

12 APFSDSSD 5 
14 APF SDSBSD 6 
17 APFSDSBCS 7 

HVAP: High Velocity Armor Piercing 
APDS: Armor Piercing Discarding Sabot 
APFSDS: Armor Piercing Fin Stabilized Discarding Sabot 
DU: Depleted Uranium 
C/: Crystaliron 
SD: Superdense 
BSD: Bonded Superdense 
BCS: Bonded Coherent Superdense 

Once the medium-range penetration is known, penetration values 

At short range, add 15% of the penetration value or a flat value of 

Atlong range,subtractlS%of thepenetrationvalue,oraflatvalue 

At extreme range, subtract 45Oh of penetration, or a flat value of 

at the other range bands can be calculated. 

10, whichever is less. 

of 10, whichever is less. 

30, whichever is less. 



3. HEAP HEAP rounds are available a t  TL 5 and higher. 
Penetration of HEAP rounds is a function of bore size and tech level. 
Multiply the bore size (in centimeters) by the tech level multiplier 
shown below and subtract 7 from the result to determine the 
penetration value of the round. All HEAP rounds have a constant 
penetration and 50 should have the letter "Cff written afterthevalue. 
Rounds with a penetration value of less than 0 are shown as "Nil." 
Rounds with a penetration of 0 have that as penetration (meaning 
that the final penetration is the base 2D6 roll without any addition). 

TL Multidier 
5 '  4 
6 6 
7 8 
8 10 

4. SEFOI? Self-forging penetratorwarheadsare availableat 
tech level8and above. Penetration iscalculated thesameasfor HEAP 
warheads, and using the same table of tech level multipliers. 

5. Submunition: Penetration of grenades. 
6. F1echette:Theflechettescontained in thewarhead have 

the same penetration as normal fragments (1 in the primary radius, 
Nil in the secondary), but the flechette round itself, should it hit an 
armored surface, has a penetration of Nil. 

7. Other: All other warheads have a penetration of Nil. 

C. Mass 
The table below lists the mass of most warheads. Values between 

those shown on the table can be obtained by interpolation. 

Diameter (cm) Mass (kg) 

9 17 . I  
.̂"l - "  . _L . 

10 21 
11  25 
12 30 

, -*.. . 'w'.g,,E. 

13 35 .-  -- - _  p . I. 
14 43 
15 50 
16 60 
1 7  72 - 
18 85 
19 100 
20 115 
21 140 
22 ' 160 
23 185 
24 21 5 

* *  

I "_ A i  ' 

* c .P . 9 * . 3 - q  

9.Z ? c n  
LJ L J U  

' 30 500 
35 1000 
40 2500 
45 5000 

., I 

.,., i\ i"* w. - . 50 10,000 

1. KEAP Regular KEAP warheads (solid shot) are twice the 
mass shown on the table above. HVAP rounds are 1.5 times the mass 
shown on the table above. All other KEAP rounds (APDS, APFSDS, 1 
etc.) have the mass shown on the table. 

2. Special Rounds: The above values are for aerial bombs 
and artilleryshells. Alternative munitions have the following masses. 

2 Tvpe Mass 

Medium -Velocity Propelled Grenade* x0.4 

3 
Heavy Recoilless Rifle* x0.7 

*Note that in the case of propelled grenades and recoilless rifle 4 

H. Volume 5 

6 

7 

rounds, the above masses are for the entire round including propel- 
lant. 

The volume of a warhead in cubic meters for purposes of storage 
is equal to the diameter of the warhead in centimeters multiplied by 
0.000008. 

1. Price 

multiplied by its ammunition type modifier, as shown below. 
The base price for ammunition in credits is equal to its mass 

KEAP (AP) 5 

APDS 15 8 

- 
APFSDSSD 40 9 

20 10 SEFOP 

WP/IS 20 

SM 60 11 .- . 3  1 1 
SM (Homing) 100 ' 

RDM 1 nn 

Chaff 20 13 
I L  

RAM (rocket-assisted multipurpose) grenades cost 10 times the 
normal warhead price. 

Recoilless rifle ammunition costs 1.5 times the normal warhead 
price. 

Note that in the case of propelled grenades and recoilless f i le  
rounds, the above prices are for the entire round including propel- 
lant. 

13 

14 



SPECYAL WMHEADS 
Most munitions consist of standard warheads used in a variety of 1 roles,eitherfired,propelled,ordropped.Thefollowingwarheadsare 

more specialized with limited uses or limited acceptable delivery 
means. 

1. HandGrenades: Hand grenadesarethrownweapons,with the 2 distancethrown being determined bythe massof thegrenade. (See 
the thrown weapon rules on page 282 of the basic game for an 
explanation of this procedure.) 

Handgrenadescan useHE, HEAP,CHEM,WP,orlUUMwarheads. 3 They consist exclusively of a warhead and a detonator(either a timer 
or a contact fuse), but the mass and cost of the detonator are 
subsumed in the values or the warhead itself. Most hand grenades 
use a warhead of about 4.5cm diameter, which results in a grenade 
massing 0.46 kilograms, costing Cr4.6, and with, a t  tech level 7, 

Two special types of warheads are available for grenades: concus- 

Concussion:Thesegrenades have more explosivefiller than 5 HE grenades and are enclosed in a pressed paper or plastic container 
designed to be completely consumed by the explosion. The result is 

4 damage values of C:3, B:12 (assuming HE). 

sion and thermite. 
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a more powerful blast but no lethal fragments. 
To calculate theconcussion valueof concussion grenade, multiply 

the normal HE concussion value of a grenade of that size by 1.6. 
Concussion grenades have no burst radius and have thesame mass 
and cost of HE grenades. 

Thermite: These grenades are extremely hot incendiary 
grenades useful for destroying large machinery. (Dropped down the 
barrel of cannon, the thermitegrenadewill bum through the breach 
block.) Thermite grenades have the same concussion as a WP 
grenade, but only one-third of the burst radius. Thermite grenades 
produce nosignificant mount of smoke.Thermitegrenadescost half 
as much as WP grenadesof the same size, but are otherwise identical. 

2. Rifle Grenades: Rifle grenades are designed to be fired from 
standard military slug-firing rifles. The grenade itself has no propel- 
lant and is instead projected by the force of the bullet fired from the 
rifleAaresult, riflegrenadestend to befairlylight,andtheyarevery 
inaccurate. 

Range: Riflegrenades may only befired in indirectfire. Theindirect 
fire range of a rifle grenade is determined using the following 
formula: 

R = (D+M)Trn 

R = Indirect fire range in meters 
D = Damage value of the rifle or carbine firing the grenade 
M = Mass in kilograms of the grenade 
Tm =Tech level modifier, as shown below: 

Jf Jm - 
5-6 ' 3s I ' . ' 

7-8 65 
95 9+ 

.. 

3. RAM Grenades: Rocket-assisted multipurpose(RAM) grenades 
are available at tech level 8 and above as rifle grenades. These 
grenades may be fired in either direct or indirect fire. Since these are 
rocket-propelled grenades, their range does not vary with damage 
value of the bullet fired from the rifle. Masses and prices are given in 
the desian sequence above. Ranqe is shown below: 

I .  

9 413 5 513 

11 60 2000 

4. Mines: Mines are simply emplaced warheads. Any warhead 
type may be used as a mine. The mine consists of the warhead and 
afuse. Fuses have negligiblevolume and mass, and costasshownon 
the following table: 

TL Fuse Cf 

Mines mass half as much as a standard warhead of the chosen 
diameter and use the same cost multipliers as for a conventional 
warhead. Nonmetallicminescosttwiceas muchforthewarhead and 
10 times as much for the trigger. 

5. Napalm: Napalm is a mixture of hydrocarbon distillates, 
thickeners, and other components designed to aid combustion 
(such as powdered aluminum, charcoal, white phosphorus, etc.). 

Napalm is available at tech level 5 and up. Because it is most 
effective when spread over a wide area, it is not generally used in 
artillery or rocket warheads or streamlined gravity bombs designed 
to impact the ground a t  a steep angle. Instead, it is used in 
unstreamlined cannisters designed to tum ble when released by 
aircraftat 1owaltitude.Thesecannisters breakopen when they hitthe 
ground and scatter burning fuel along the flight path of the aircraft. 

Aerial napalm cannisters are relatively inaccurate weapons and are 
effective against personnel in theopen and softvehicles. Their effect 
is increased greatly by the presence of dry foliage, and reduced 
almost to nil by wet weather or ground conditions. 

Napalm cannisters mass 350 kilograms each. They have no 
concussion value and a burst area 20 meters wide and 100 meters 
long. (Thereis no secondary burst area.) If hit byfragments, consult 
the bum damage rules (TNE, page 286). 



6. Nuclear Warheads: Because of the tremendous damage 
already caused by the Final War, nuclear warheads are looked upon 
with a particularlyintense revulsion. That does not keep occasionally 
irresponsible leaders from using, or threatening to use, these weap- 
ons of indiscriminate mass destruction. 

2 50 60 60190 3001300 540f540 20 

50 70 120 4201300 7501600 1200/900 24 

Yield Warhead size in kilotons. 
Crater: Diameter of crater in meters. Only ground strikes produce 

craters. Ground units may not enter thecrater of a nuclear blast until 
it has been decontaminated. 

Induced Radius of induced radiation in meters. For 30 minutes 
after the detonation of the the warhead, the radius of induced 
radiation is equal to the secondary blast radius. After that, it shrinks 
to the listed induced radiation radius listed above. Everything inside 
this radius is contaminated with radiation. Unprotected personnel 
must leave the induced radiation area within 15 minutes or begin 
suffering progressively greater health effects. Personnel in sealed 
environment suits, sealed armor, or vehicles with hostile environ- 
ment capability ignore induced radiation. 

Destruction:Thedestruction radius in meters.Thefirst number is  
the destruction radius from a ground strike, the second is the area 
from an air burst. 

All targets in the destruction radius are destroyed, and any 
flammable material ignites and burns. 

Primary The primary blast radiusin meters.Thefirst num beristhe 
blast area from a ground strike, the second is the area from an air 
burst. 

All targets in the primary blast radius are treated as if within the 
primary blast radius of a conventional explosion and sufferfragmen- 
tation attacks accordingly. All targets are also attacked with a 
concussion value of 10. (Note that this does not affect enclosed 
vehicles.) All trees and frame buildings in the primary blast radius are 
blown down. 

Secondary: Thesecondary blast radius in meters.Thefirst number 
is the blast radiusfrom a ground strike, thesecond is the radiusfrom 
an air burst. 

All targets in the secondary blast radius are treated as if within the 
secondary blast radius of a conventional explosion and suffer frag- 
mentation attacks accordingly. 

Size: Minimum warhead diameter in centimeters for this yield. 
Nuclearwarheadsarefirst availableattech level 6.Atlatertech levels, 
the minimum warhead size is reduced as shown on the following 
chart: 

Tl  Size 

1 5  -9 rm 

Price: The price of the warhead in millions of credits is equal to its 
yield multiplied by 0.01. 

Storage: Anuclearwarhead must bestored in ashielded container 
or a damper box. Ashielded container takes up four times thevolume 
of the warhead, masses three times the mass of the warhead, and 
costs MCrO.O1 per cubic meter of volume. 

7. Collapsing Nuclearwarheads: Collapsing warheadsare much 
smaller than standard nuclear warheads. This is made possible by 
using very unstable fissionable materials, such as californium, and by 
omitting the reliable but bulky detonation system found in standard 
rounds. Instead, these warheads rely on impact with vehicle or 
structural armor to collapse the hollow round quickly into a critical 
mass, resulting in unreliable performance. 

Collapsing rounds mayonly befired from CPRor massdriverguns 
with a short range of 400 meters or more. They may only be fired a t  
hard targets, such as concrete buildings, armored vehicles, starships, 
etc. 

If acollapsing round hits, it successfullydetonatesonlyon adieroll 
of 7 or less (on a D20). On any other roll, the round was a dud. 

The information on collapsing rounds is noted in the following 
table. It is read exactly the same as the main nuclear warhead table 
above, except as noted specifically below. 

Yield Crater Induced Destruction Primary Secondary Size 

.010 15 15 25/40 50195 1001190 4 

.lo0 25 30 30150 1001150 2001300 7 

TL: Collapsing nuclear rounds are available at  tech level 14 and 

Size: Minimum warhead diameter in centimeters for this yield. 
Price: The price of the warhead in millions of credits is equal to its 

Storage: Because of their short useful half-life, collapsing rounds 

higher. 

yield multiplied by 1. 

must be carried in damper boxes. 
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8. Nuclear-Pumped X-Ray Lasers: The one area where nuclear 
warheads are used fairly regularly is on space-based X-ray laser 
missiles. Each of these warheads consists of a nucleardevice, an array 
of X-ray lasing rods, a short-range tracker, a receiver for a 300,000- 
km laser communicator, and a small battery power pack. The missile 
operator maneuvers the warhead into range of the target (using 
whatever maneuver package the designer has chosen to include in the 
weapons system). The on-board tracker makes the final precision target 
corrections and the operator fires the warhead. The explosion of the 
warheaddestroysthelasing rods, butnotbeforepumpingatremendous 
burst of energy through them and toward the target. 

All components of the nuclear X-ray laserwarhead are included in 
a single package as shown on the following chart. 

All nuclear X-ray pumped warheads roll 1 D6 for hits on target 
when they detonate; each of these hits does damage equal to that 
listed in the "Dmg" column. 

Range for space combat (in increments of 30,000 km) is given on 
the bottom line. By increasing size and price, longer range (to the 
right of the slash) may be acheived. Note that this is only possible in 
a campaign using the optional laser focusing technology field. 

Volume at Tech Level 
Yield MCr Dmg 8 9-10 11-72 13-14 75-16 17+ 

20 .7 '11 1-35 .32 .215 .18 .148 .113 .09 

100 .9 '11 8-56 .39 .265 .22 .188 .147 .11 
200 1.1 '121-66 .51 .355 .28 .248 .167 .13 
SO0 1.2 '/ZS-79 .71 SO5 .4 .358 ,247 .17 
Range - - Of0 010 010 011 011 012 

Yield: Warhead yield in kilotons. 
MCr: Price in millions of credits for the warhead package. 
Dmg: Damage expressed in terms of laser penetration rating- 

Volume: The listed values are the volumes in cubic meters of the 
damage value. 

complete warhead packages a t  each tech level. 
Mass: Each warhead masses 1 tonne per cubic meter. 
Range: Range in starship combat hexestrange bands. Range to 1 0 the left of the slash is normal range, to the right is range available by 

doubling volumeand multiplying price by 10. Rangeof 0 meansfires 
into same hex only. 

11 GUIDANCE 
Warheads, whether they are powered or unpowered, may have 

guidance systems installed. 
Maneuver: In order to have a guidance system installed, a 

warhead must beableto maneuver. In mostcases, thiswill mean that 
it is powered by an engine of some kind. Unpowered warheads can 
have guidance packages installed however, which allow them to vary 
their projected target point by as much as 1 O%of thedistance bemeen 
thetargetand the launch point(orfinng point).An unpoweredwarhead 
must have fins that enable it to maneuver, however. These fins are 
extremely light and do not add significantly to warhead mass. They do 
add Crl to the warhead priie per kilogram of warhead mass. 

Guidance: Guidance systems include command guidance, target 

1. Command Guided: In this guidance system, the opera- 
tor must pilot the warhead to the target. Theseguidance systems are 
distinguished by their operating system and their command link. 

14 designation, homing, and smart. 

Operating system is a measure of how sophisticated the tracking 
softwareoftheguidancesystem is.Manualoperation meansthatthe 
warhead must be maneuvered toward the target bytheoperator by 
observing both the target and warhead and mentallycomputing the 
necessarycoursechanges. Semiautomatic guidancestill requiresthe 
operator to track both the target and the missile, but flight controls 
are vastly improved and the warhead has superior flight character- 
istics, enabling it to fly at  higher speeds and still be controlled. 
Automaticguidancemeansthattheoperatorisonlyrequiredto track 
the target, while theguidancesystem itself caHputes thecorrections 
necessary to flythe warhead to it. Teleguidanceallowstheoperatorto 
"w" directlyout the frontof thewarhead and thus eliminates the need 
for a continuous line of sight between the operator and the target 
Instead, the operator simply flies toward the target until impact 

The characteristics of the various operating systems are shown on 
the table below. 
TL Type Mass Cr Speed (kph) ACL 

8 Teleguidance 2 100 1200 - 
T 

T L  Tech level of first availability. 
Type: Operating system used. 
Mass: Mass in kilograms of the controller in the warhead. 
Cr: Price in credits of the controller in the warhead. 
Speed: The highest allowed average speed. This value is used 

AGL: Modification to the missile's final Agility rating (if mounted 

Volume: All operating systems have a volume of 1 liter per kilogram. 

when calculating missile propellant and performance later. 

on a missile). 

In addition toan operating system, acommandguidance package 
musthaveacommunication link between theoperator'scontrol unit 
and the controller in the warhead itself. For wireguided missiles, 
there is  no additional equipment to be installeBas this equipment is 
subsumed under the other areas of the design, but radio and laser 
guidance does. The type of communication link also limits the 
maximum range of the missile. The table below summarizes the 
characteristics of various communication links. 
TL Mass Cr Range (km) 

5 Radio 2 40 
6 Radio 1 40 

* 

7 Laser 1 70 10 
8+ Laser 1 50 

TL: Tech level of first availability. 
Type: Comm link used. 
Mass: Mass in kilograms of the comm link in the warhead. 
Cr: Price in credits of the comm link in the warhead. 
Range: The longest allowed range using the listed communica- 

tion link. 
* The range of radio-guided warheads and tech level 8+ laser- 

guided warheads is equal to the long range of the communicator 
installed in the control unit. Consult the Launchers chapter (page 
147) for a discussion of the launcher control unit. 

Volume: All comm links have a volume of 1 liter per kilogram. 



2. Target Designated: This guidance system employs a 
seeker head in the warhead which enables it to home in on the 
reflected radiation of a designator, either a laser or a radar. The prices 
and masses of the seeker heads are shown on the table below. 

TL Mass Cr 

7 Radar 2 1000 - . _ _ _  
8+ Radar 1 1000 
7 Laser 1 500 

10+ Laser 1 500 

3. Homing: These guidance systems lock onto and home 
on certain welldefined levels of emissions of radiation. Infrared 
missiles homeon high heat signatures. Anti-radiation missiles (ARM) 
home on radar or radio emissions. In both cases, improved versions 
Kave more sophisticated sensors capable of tracking a t  greater 
distances and at  more difficult engagement angles. 

7 ARM 1 1000 12 -2 

TL: Tech level of first availability. 
Type: IR = Infrared homing. ARM = Anti-radiation missile. 
Mass: Mass in kilograms of the guidance system in the warhead. 

Cr: Price in credits of the guidance system in the warhead. 
ACL: Modification to the missile’s final Agility rating (if mounted 

Volume:All homingguidancesystems haveavolumeof 1 liter per 

There is no control unit 

on a missile). 

kilogram. 

4. Smart Warheads: Smart warheads encompass two 
methods of guidance: target memory and target seeker. Both are 
true ”fire-and-forget” weapons, but they are distinguished by what 
the operator is required to do prior to firing. 

Target memorywarheads havesensor unitscapableofdistinguish- 
ing between unique target shapes. While still carried by the launch 
vehicle, the image generated by the sensor is projected onto the 
operator’s video screen. When thesensor in the warhead acquires a 
target the operator considers suitable, the warhead is launched and 
the sensor, remembering the specific target acquired, will move to 
intercept it. 

Seekerwarheads havea pre-programmed setoftargetimages that 
the sensor will recognize, and are simply launched into the general 
area of likely targets, after which they will seek out an appropriate 
target and attack it 

The characteristic of smart guidance systems are shown below: 
TL TVW Mass ACI 

11-13 Seeker 1 1000 - .- 
14+ Seeker 1 to00 +2 -.. 

TL: Tech level of first availability. 
Type: Target memory or seeker. 

Mass: Mass in kilograms of the guidance contmller in the wahead. 
Cr: Price in credits of the guidance controller in the warhead. 
ACL: Modification to the missile’s final Agility rating (if mounted 

Volume: All operating systems have a volume of 1 liter per 
on a missile). 

kilogram. 

In addition to a guidance system, a smart warhead must have a 
sensor which it uses to gather target information. The type of sensor 
used hasnoeffecton thechanceof themissile hitting, butdoes effect 
the conditions under which it can operate at all. 

Visual sensors allow clear-weather daylight operation. IR sensors 
allow night operations along with some low-visibility operations 
(chemical smoke, fog, light rain, etc.). Imaging radar sensors allow 
operation in all light and atmospheric conditions (but is subject to 
jamming like all radars). 

The characteristics of sensors are summarized on the table below. 
TL Type Mass Cr 

TL: Tech level of first availability. 
Type: Type of installed sensor. 
Mass: Mass of the sensor added to the warhead. 
Cr: Additional price to add the sensor to the warhead. 
Vol: The volume of a sensor is 1 liter per kilogram. 

5. Top Attack Top attack may be added as an option to 
any guidance package from tech level 8 on, provided the warhead 
is either HEAP or SEFOP. Top attack means that the weapon’s 
warhead is angled to fire perpendicular to the flight path of the 
munition, thus firing into the top of a vehicle as it passes over it Top 
attack options are of no real use against aircraft, only vehicles which 
generally have weaker overhead armor than front armor. 

Adding the top attack option doubles the warhead price, but has 
no other effect on the munition. 

PROPELLANT 
Virtually all warheads are propelled in one manner or another 

(with the notable exception of mines). 
A. CPR Ammunition: CPR projectiles are propelled by the explo- 

sion of a propellant charge in the gun tube. This propellant charge 
is purchased separately from the warhead (although its mass is 
usually added to that of the warhead to make a complete round of 
ammunition). 

Mass: The propellant required for CPR guns varies with the 
mass of the warhead and the length of the barrel. Propellant mass for 
CPR gun ammunition is calculated using the following formula: 

Mp = .007MwBI 
Mp: Mass (in kilograms) of propellant for the round. 
Mw: Mass (in kilograms) of the warhead 
BI: Barrel length (in calibers) of the gun. 
Propellants for mortars, propelled grenades, and recoilless riiles 

are included in the base mass of the warhead. 
Rocket-assisted projectiles (RAP) areavailablefrom tech level Son. 

RAP projectiles require additional propellant mass equal to the 
warhead mass (regardless of barrel length). This is in addition to the 
normal propellant requirement of these weapons. 
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Base bled (BB) propellant is available for CPR guns at tech level 7+. 
Base bled charges do not add to the mass of propellant, but cost more. 

Note: In both the RAP and BB rounds, thespecialized "propellant" 
(in the RAP, rocket fuel, in the base bleed round, a combustible 
chemical which is burned in a generator a t  the base of the round- 
the resulting gas creates an overpressure and smooths the airflow 
around the round, thus increasing its range) is actually part of the 
warhead, but is calculated here for simplicity. 

2. Price: The price of artillery propellant in credits i s  the 
mass of the propellant multiplied by 5. This price is doubled when 

B. Atmospheric Rockets and Misslles: Rockets and missiles are 
powered by rocket engines which, unlike artillery shells, continue to 
propel the projectile after it has left the launcher. For purposes of 
propellant design, there is no difference between a rocket and a 4 missile. The terms are usually used to distinguish between unguided 

3 calculating the price of base bleed and RAP propellant. 

Size Efflciency: Solid-fuel rockets with less thana500 kg of propel- 
lant (fuel) mass begin to suffer from inefficient fuel combustion. To 
determine the fuel consumption inefficiency of a solid-fuel rocket, 
divide 500 by the fuel mass (in kilograms). The result is the fud use 
multiplier.Multiplythecalculated fuelconsumptionof theengineby 
this number. However, any multiplier less than 1 is treated as 1 and 
any multiplier greater than 10 is treated as 10. 

8. Fuel Endurance: The fuel endurance of the missile in 
seconds is its propellant mass in kilograms (Step 4) divided by its fuel 
consumption per second (Step 7). 

9. Range: The range of the missile in kilometers is its 
average velocity in kilometers per hour multiplied by its fuel endur- 
ance in seconds divided by 3600. For homing missiles, short range 
is this maximum range divided by 8. 

10. Agility The weapon's Agilityis determined byconsult- 
ing the Agility table below: 

(rocket) and guided (missile) rocket-propiled warheads. Average Vdocity (kph) Agility 
Rockets and missiles generally use rockets, most commonly solid 

fuel rockets, but may use any form of thrust desired. Designing the 

1. Tech Level: Determine the tech level of manufacture of 

2. Thruster: Select a thruster from those available at the 6 tech level of manufacture. Consult the Sublight (Maneuver) Drive 

5 propellant package of the weapon follows these steps: 

the weapon. 

chaDter (Section 9) for a list of available thrusters. 1 1,008-2201 5 8 
I .  

3. Average Velocity Set the average velocity of the 
weapon. Note that missiles with certain command guidance pack- 7 ages have maximum allowed average velocities. Multiply average 
velocity in kph by 1.39 to determine speed in meters per combat turn. 

4. Propellant Mass: Set the total propellant mass in the 

8 weapon* 5.Average MasThemissilew*ll burn fuel throughout itsflght 
and itsmasswill changeaccodingly.Theaverage massisdetermined by 
adding thewarhead mass, guidance mass, engine mass (if that is separate 
from the fuel), and half of the fuel mass. The result is the avemge mass. 

6. Required Thrust: The required thrust is determined 
using the following formula. Note that since thrusters other than 
solid-fuel rockets require more engine mass to produce more thrust, 
the result of this calculation may require tinkering with the design 

9 

1 0 until thrust, speed, and average mass are all compatible. 
T = V2MTm 

T: Thrust in kilograms 
V: Average velocity in kilometers per hour 
M: Average mass in kilograms 
Tm: Tech level modifier, as shown on the table below 

TL Tm 

1 1 

7-9 .0000009 12 
7. Fuel Consumption: The Self-contained Thrusters table 

in thesublight Driiechapter(Secti0n 9)showsthefuelconsumption 
of various thrusters in terms of tonnes of fuel burned per hour per 
tonne of thrust. This is also the number of kilograms of fuel burned 
per hour per kilogram of thrust. To determine the number of 
kilogramsoffuel burned persecond per kilogramof thrust, dividethe 1 4 fuel consumption number on the chart by 3600. To determine how 
many kilograms of fuel the weapon consumes per second, multiply 
the fuel consumption per second per kilogram just derived by the 
actual thrust in kilograms of the weapon (Step 6 above). 

2201 6+ 9 . .  , 

Add +1 to the computed agility for all missiles of TL lo+. 
C. SpaceMlssiles: Missiles used inshipto-shipcombatin vacuum 

have a simpler design sequence that atmospheric missiles, and in 
many respects they function as small spacecraft. Once the warhead 
is selected, the following procedure is followed. 

1 .Tech Levek Identifythetech level atwhich the m'ksileis built 
2. Install Thruster: Select a thruster from those available in 

the Sublight Drive chapter (Section 9). Most space missiles use 
EAPlAC solid-fuel thrusters. Determine the total thrust of the rocket 
in tonnes. This is set by the designer based on the missile's mission 
requirements. 

3. Install Fuel: Determine the total fuel volume of the 
rocket. SRF fuel has a volume of 1 cubic meter per tonne. 

4. Determlne Average Mass: The average mass of the 
missile is its warhead mass plus its engine mass (unless it uses a solid- 
fuel rocket, in which case engine mass is 0) plus half of its fuel mass. 

5. Determine C Rating: Divide the missile's thrust in 
tonnes by its average mass. The result is the missile's C rating. 

6. Determine Fuel Consumption: Multiply the fuel con- 
sumption rate of the thruster as listed on the Self-contained Thrust- 
erstablein thesublight Drivechapter(Secti0n 9)  bythethrustofthe 
engine in tonnes to determine fuel consumption of the engine in 
cubic meters per hour. Divide the result by 2 to determine the fuel 
consumption in cubic meters per space combat turn. 

7. Determine Fuel Endurance: Divide the fuel supply in 
cubic meters by the fuel consumption in cubic meters per turn to 
determine the number of tums of fuel the missile has. (This may be 
a value less than 1 .) 

8. Determlnethe Mlsslle'sC-Turns: MultiplytheC rating 
of the missile by the fuel endurance in turns to determine the total 
C-turns of acceleration available to the missile. 

9. Determlne Max Cs per Turn: Enter either the total missile 
C-tums of acceleration or the missile's C mting, whichever is less. 

, 



CHAPTER 10 
Launchers 

This chapter covers a varietyof launchers for rockets, missiles, and 
related ordnance. 

GRENADE LAUNCHERS 
Grenade launchers fall between small arms and artillery in that 

they fire rounds larger than small arms ammunition but do so at 
extremely low velocities, thus making most of them man-portable. 

A. Specifications: Grenade launchers are defined by the following 
characteristics: 

1. Ammunition: Grenade launchers fire propelled gre- 
nades. Propelled grenades aredesigned using the Munitionschapter 
design rules. A variety of ammunition types are possible. For pur- 
poses of designing the launcher itself, however, the key variables are 
grenade diameter (in centimeters) and grenade velocity (low, me- 
dium, high, or RAM-rocket assisted multipurpose). 

2. Configuration: Grenade launchers are availablein three 
configurations: attached, shoulder-fired, and mounted. 

Attached launchers are never fired separately, but instead are 
attached to another shoulder-fired rifle or energy weapon. 

Shoulder-fired grenade launchers have stocks like rifles, and may 
be equipped either with a fixed stock or a folding stock. 

Mounted grenadelaunchers usually haveonlya pistolgripand are 
designed for fire from vehicles or a tripod mount. Most mounted 
grenade launchers are either semiautomatic or fully automatic. 

3. Action: The grenade launcher may be either sing le-shot, 
pump, semiautomatic, or automatic. If automatic, its rate of fire is 
always 5. 

4. Feed System: Pump-action launchers have integral 
magazines. These are usually tubular magazines mounted either 
over or under the barrel. Semiautomatic launchers have box maga- 
zines. Automatic grenade launchers are belt-fed. If a magazine is 
used, specify the capacity in number of rounds carried. 

5. Barrel: Specify the barrel length in calibers. The shortest 
allowed barrel is 2 calibers and the longest allowed barrel is 10 
calibers. 

B. Ratings: Using thedata provided above, the weapon's physical 
characteristics and performance can be determined. 

1. Direct Fire Range: Direct fire range forgrenade launch- 
ers is determined using the following formula: 

R = 3.75(D+BI+Vm) 
R: Short range in meters 
D: Grenade diameter in centimeters 
BI: Barrel length in calibers 
Vm: Velocity modifier, as shown below: 

Veloutv Modifier 

Medium ? 5  -- _. - 

High 40 
RAM 50 

2. Indirect Fire Range: Maximum indirect fire range 
(which is also an upper ceiling on direct fire range for low-velocity 
grenades) is determined using the following formula: 

Rm = RcVm 
Rm: Maximum range in meters 
Rc Short range in meters 
Vm: Velocity modifier, as shown below: 

Velodtv ModifiPr 

Medium 6 

RAM 15 

3. Length:Thelengthoftheweaponiscalculated usingthe 
following formula: 

L = D(BI+RI)+S 
L: Length in centimeters 
D: Grenade diameter in centimeters 
BI: Barrel length in calibers 
RI: Receiver length in calibers, as shown below: 

Tvpe RI 

Pumt, 

MV Semiautomatic 8 

LV Automatic 8 

HV Automatic 14 

5: Stock length in centimeters. Shoulder-fired weapons have a 
stock length of 25cm. If a folding stock is selected, it has a stock 
length of 25cm when extended and 5cm when restricted. Calculate 
total weapon length based on both positions. Mounted weapons 
have a stock (grip) length of 5cm. Attached weapons have no stock 
length. 

Pump-action weapons with an integral magazine must also 
calculate magazine length in calibers. The magazine length in 
calibers is the number of rounds in the magazine multiplied by 2.5. 
If the magazine length in calibers is longer than thecombined barrel 
and receiver length in calibers, then the magazine length is substi- 
tuted in the equation above for (BI + RI). 

4. Bulk Once the final length of the weapon has been 
determined, the bulk can be calculated. Bulk is equal to the weapon 
length (in centimeters) divided by 15, rounding all fractions down 

5. Recoil Reduction Options: There are two types of 
devices used to reduce grenade launcher recoil: shock-absorbing 
stocks and recoil compensators. The inertial recoil compensator is 
worn asa harness and thegun isattached toit byaflexiblearm.The 
arm becomes rigid when the weapon is fired, and the recoil 
compensator in the harness pack absorbs much of the force of the 
recoil. Unlike most other options, the mass of the inertial compen- 
sator is not added to the mass of the weapon (Mw) for purposes of 
determining recoi I below. 

No more than one of each type may be added to theweapon. Only 
weaponswithstocksmayhaveshock-absorbingstocksadded. Recoil 
devices are summarized on the following page: 
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Tl  R a n  

7 SA Stock .9 1 
9 SA Stock .85 

14 Inertial Compensator .3 2 
TL: Tech level 
R a n :  Recoil compensator modifier 3 SA: Shock-absorbing 
If a weapon has more than one Rcrn, multiplythem all togetherto 

If a weapon has no recoil modifiers, its Rcrn is 1. 
get a single combined value. 

6. Empty Mass:Themassof theweapon iscalculated using 
the following formula: 

4 
M = (DBIVmCm)+S 

M: Mass in kilograms 
D: Grenade diameter in centimeters 
BI: Barrel length in calibers 
Vrn: Velocity modifier, as shown below: 

5 

Velocity Vm 

Medium 1 .5 
6 

I RAM 1.5 
/ Cm: Configuration modifier as shown below: 

Configuration Cm 

Pump 0.1 5 

Automatic 0.1 5 
8 

5: Mass of the stock, as shown below: 
Stock Mass 

9 

10 
Folding SA Stock 0.7 

Gyroscopic compensators have a mass of 0.5 kilograms. Inertial 1 1 compensators have a mass of 1 kilogram. Unlike other components 
of the weapon, inertial compensators are counted separately and are 
worn as harnesses to which the weapon is attached. 

7. Loaded Mass: The loaded mass of the weapon is equal 
to its empty mass plus the mass of all rounds carried in its magazine 
(one round if single-shot) plus the mass of an empty magazine. 

Integral tubular magazines are already included in the massof the 
weapon. The mass of box magazines is calculated as follows: 

M = 03CA 
M: Mass of the empty magazine in kilograms 
C: Capacity of the magazine in rounds of ammunition 
A: Mass or a single round of ammunition in kilograms. 

14 

8. Muzzle Energy: The muzzle energy of the weapon is a 
function of its warhead mass and its velocity. Muzzle energy is 
calculated using the following formula: 

E = (0.SM)V' 
E: Muzzle energy in joules 
M: Warhead mass in kilograms 
V: Muzzle velocity in meters per second, as shown below: 

VPI. V v . -.. 

RAM 75 5625 

9. Recoil: Theweapon's recoil when firing a singleshotcan 
be calculated. 

R = {[(O.ISs)+Mw] + Em} x Rcm 
R: Recoil number 
E: Muzzle energy 
Mw: Mass, in kilograms, of weapon (use empty mass for belt- and 

Ran: Recoil compensator modifier. 
Em: Modifier for high muzzle energy. tf the weapon has high muzzle 

cassette-fed weapons, loaded mass for all others) 

energy, add to the final recoil as shown on the chart below. 
E Em E Em 

When calculating the recoil energy of a burst of shots, the 

R = ({[(Bn+2)(0.15$)]+Mw} + {[Bn+Z]Em}) x Rcrn 
following formula is used: 

Bn = number of shots in the burst. 

10. Price: The price of the weapon is calculated using the 
following formula: 

P = (Mw-Ms)Am+Ps+Pc 
f: Total price of-the weapon in credits 
Mw: Mass of the weapon in kilograms 
Ms: Mass of the weapon stock in kilograms 
Am: Action modifier 
Ps: Price in credits of the stock, as shown below 

TL Stock T p e  Price 

4 Fixed Stock 25 

50 6 Folding Stock , % r. 

7 SA Stock 75' ' 
e*- .m- . 

Pc = Price of the recoil compensator, if one is added. Cyro- 
compensators cost Cr300. Inertial compensators cost Crl 000. 

10. Mount: A mounted weapon may be mounted on a 
vehicle or it may have a field mount. A field mount may be of any 
mass desired, so long as its mass in kilograms is equal to or greater 
than the highest base recoil number of the weapon (usually attained 
when firing a burst). 

The price of a field mount is determined by the following formula: 
Cr = 100 + (10M) 

Cr: Price in credits 
M: Mass of field mount 



TAC IMlSSlLE LAUNCHERS 
Atac (tactical) missileisonedesigned for use in planetarycombat. 

Tac missile launchers consist of two elements: the launch system 
itself and the control unit. 

A. Launch Unit: Launch units hold the missile prior to firing and 
ensure a clean launch once it is fired. There are several different ways 
of designing a launch unit. 

1. LaunchRail:Alaunchrailisusuallymountedonavehicle 
oran aircraft and itconsistsof asimpleguiderailon which themissile 
is mounted by means of brackets. A launch rail has the same mass as 
a missile, negligiblevolume(beyond thevolumeofthe missileitself), 
and costs Cr50 per kilogram of mass. 

2. Package Launcher: Package launchers consist of a 
container holding the missile and a clip-on guidance system. Once 
launched, the guidance system is detached and the package dis- 
carded. The package has half the mass of the missile contained in it 
and twice its volume. (The missile is carried inside the package, 
however, so add its mass and ignore its volume when calculating the 
final values.) The package costs Crl 0 per kilogram of package (not 
missile). 

3. Tube Launcher: These are reloadable launch tubes 
either mounted on field mounts or on vehicles. The tube has four 
times the mass of the missile it is designed to carry and costs Crl 00 
per kilogram. If on a field mount (which for lighter launchers can be 
as simple as a tripod), the mount masses the same as the launcher 
and costs CrlO per kilogram. See magazine launcher below for 
characteristics of the field mount. 

4. Magazine Launcher: This i's a more sophisticated 
version of the tube launcher, consisting of a standard tube launcher 
and afixed magazineoftac missiles.The magazinewill automatically 
reload a missile each time one is fired, eliminating the necessity for 
the gunner or loader to do so manually. (Manual reloading often 
requires that the gunner or loader expose themselves in a hostile 
environment.) Magazines are not usuallydetachablefrom magazine 
launchers. Instead, missiles are loaded directly into the magazine 
when reloading is convenient. 

The empty magazine for a magazine launcher masses half the 
mass of the total number of missiles carried in it and costs Crl 00 per 
kilogram. If mounted on a field mount, the mount must have mass 
equal to the tube launcher used and a loaded magazine (empty 
magazinemass plusthemassoftheloaded missiles).Thefield mount 
costs CrlO per kilogram of mass. 

5. Gun Tube: A CPR or mass driver gun of the correct size 
can be modified to serve as a missile launcher by the addition of a 
control unit. Gun tubes may not be modified to launch wire-guided 
missiles, as thereis nosafeand efficientwaytoallowthecontrol wire 
to unspool through the breach while simultaneously sealing the 
breach and keeping rocket exhaust from injuring the crew. 

B. Control Units: The various guidance systems are explained in 
detail in the Munitions chapter. Most of these guidance systems 
require supporting hardware as part of the launcher. 

1. Command Guided: In this guidance system, the opera- 
tor must pilotthewarhead to thetarget.Theseguidancesystemsare 
distinguished by their operating system and their command link. 

The characteristics of the various operating systems are shown on 
the table below. 

TL Mass Cr 

TL: Tech level of first availability 
Type: Operating system used 
Mass: Mass in kilograms of the control unit used by the weapon 

Cr: Price in credits of the control unit used by the weapon 

Volume: All control units have a volume of 1 liter per kilogram. 
In addition to an operating system, a command-guidance pack- 

age must have a communication link between theoperator'scontrol 
unit and the controller in the warhead itself. The table below 
summarizes the characteristics of various communication links. 
TL Type Mass Cr Range (km) 

operator. 

operator. 

6 Wire 4 

7 Laser 5 1000 10 __- - 
lssr c1 3+ Laser 5 500* 

TL: Tech level of first availability 
Type: Comm link used 
Mass: Mass in kilograms of the comm link in control unit used by 

the weapon operator. 
Cr: Price in credits of the comm link in the control unit used by the 

weapon operator. 
* Radio-controlled guidance and tech level 8 lasertontrolled 

guidance also requires a radio communicator or a laser communica- 
tor as part of the operator's control unit These are purchases 
separately from the communicators available in the Electronics 
chapter (Section 5). Note that the tech level 7 laser control unit 
already includes a laser comm link. 

Range: The longest allowed range using the listed communica- 
tion link. 

** The range of radio-guided warheads and tech level 8+ laser- 
guided warheads is equal to the long range of the communicator 
installed in the control unit. 

Volume: All comm links have a volume of 1 liter per kilogram. 
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6 guidance: target memory and target seeker. Both are true "fire-and- 
forget" weapons, but they are distinguished by what the operator is 
required to do prior to firing. 

The characteristic of smart guidance systems are shown below: 
7 Tl TVDe Mass cr ACL 

2. Target Designated: This guidance system employs a 
seeker head in the warhead which enables it to home in on the 
reflected radiation of a designator, either a laser or a radar. Target- 
designated missiles also require a radar transmitter or a laser desig- 
nator to illuminate the target. Standard radars or laser communica- 
tors may be used to designate a target for a missile provided they are 
modified to do so. Targetdesignation modifications do not affect 
the volume, mass, or power requirements of the equipment, but 
multiply its price by 1.5. The effective range of the missile from the 
designator is equal to the equipment's normal medium range (twice 
short range). 

At tech level 7 (before laser communicators are routinely avail- 
able), purpose-built laserdesignators may be purchased. These have 
a useful range of 6 kilometers (i.e., a short range of 3 kilometers), a 
mass of 16 kilograms, a volume of 8 liters, and a price of Crl2,OOO. 
They are powered by internal batteries good for several hours of use 
before replacement or recharging are required. 

3. Homing: These guidance systems lock onto and home 
on certain well-defined levels of emissions of radiation. The control 
unit in this case is simply a small data repeater the tells the operator 
when the missile has locked onto a target. Its mass is 0.5 kilograms, 
and its price is CrSOO. 

4. Smart Warheads: Smartwarheads encompasstwo methodsof 

I ,  

8 

TL: Tech level of first availability. 
Type: Target memory or seeker. 
Mass: Mass in kilograms of the control unit used by the weapon 

Cr: Price in credits of the control unit used by the weapon 

ACL: Modification to the missile's final Agility rating (if mounted 

Volume: All control units have a volume of 1 liter per kilogram. 

9 
operator. 

10 operator. 

on a missile). 

l1 DlRECT FlRE ROCNET LAUNCHERS 
Unguided rockets designed using the rules in the Munitions 

chapter must have launchers in order to fire. In general, these 
launchers are extremely simple and consist either of a launch rail or 
tube. Rocket pods with multiple rockets are also possible, as are 
single-shot disposable rocket launchers which double as carrying 
containers for the rocket. 

A. Empty Mass: The mass of a reloadable rocket launcher is 
determined using the following formula: 

M = DTCm 
M: Mass in kilograms 
D: Diameter of the rocket warhead in centimeters 
T: Number of tubes in the launcher 
Cm: Configuration modifier, as shown below: 

14 

Confia Cm a 

Single-Shot Rkfoxable 1 
Multi-Shot Reloadable .5 

Multi-Shot Disposable .2 

B. Loaded Mass: The loaded mass of the launcher is its empty 
mass plus the mass of its rockets. Any weapon with a loaded mass of 
45 kilograms or less can be shoulder-fired. Heavier weapons require 
a field mount (tripod or carriage). Field mounts must be of equal or 
greater mass than the loaded weapon. 

C. Fire Control: Any shoulder-fired weapon includes optic sights 
in the basic weapon package and no additional mass or price is 
required. Heavier weapons on a field mount require direct fire 
controls. Consult the Fire Control chapter (Section 14) for masses 
and prices. (However, disregard the short range limit.) 

D. Price: The price of the launcher in credits is equal to its mass in 
kilograms multiplied by 35. The price of a field mount i s  determined 
by the following formula: 

Cr = 100 + (10M) 
Cr: Price in credits 
M: Mass of field mount. 
E. Range: The short range of a reloadable rocket launcher i s  the 

maximum design range of the rocket fired by the launcher divided 
by8.The rangeof a disposablerocket launcher is its the normal short 
range of the rocket multiplied by 0.75. 

AUTlUERY 
ROCKET LAUNCHERS (AULS) 

Artillery rockets are used for indirect instead of direct fire. In 
general, these launchers are extremely simple and consist either of 
a launch rail or tube. Most artillery rocket launchers are multiple 
launchers. 

A. EmptyMass:Themassofthelauncherin tonnesisequal tothe 
diameter of the rocketwarhead (in centimeters) squared, multiplied 
by the number of launch tubes, multiplied by .002. If an autoloader 
is incorporated into the launcher, its mass is equal to the empty 
launcher mass times 0.1. Autoloaders may only be incorporated on 
vehicle-mounted ARk. 

B. Fire Control: Artillery rocket launchers must have indirect fire 
control fitted. See the Fire Control chapter (Section 14) for details. 

C. Loaded Mass: The loaded mass of the launcher is equal to the 
empty mass of the launcher plus the mass of the fire control 
equipment plus the mass of the rockets. 

D. Carriage Mass: Towed weapons require a carriageof equal or 
greater mass than the loaded mass of the launcher. Self-propelled 
launchers are carried as part of a vehicle and have a volume equal in 
cubic meters equal to their loaded mass in tonnes. 

E. Rateof Fire:Anartilleryrocket launcher maysalvoallofitstubes 
in a single combat tum. It takes 10 minutes (1 20 combat turns) to 
reload a launcher by hand. It takes five minutes (60 combat turns) to 
reload it using an autoloader. 

F. Crew. The crew required to serve a towed (carriage-mounted) 
indirect fire artillery rocket launcher is equal to its bore size in 
centimeters multiplied by the number of launch tubes and divided 
by 10 (but never less than two). Vehicle-mounted weapons require 
a crew half this size, rounding fractions up, but never less than two. 
Vehicle-mounted weapons equipped with autoloaders require a 
crew of only one (the gunner). 



If the weapon is designed to be fired only once (as with a remote 
disposable launcher), loaders are not required and so crew size is 
reduced to one. 

C. Range: Artillery rockets have an indirectfire range in kilometers 
equal to five times the maximum design range of the rocket. 

H. Price: The priceof the weapon is equal to thesum of the prices 
of its components. Firecontrol equipment costs are listed in the Fire 
Controlchapter(Section 14).Thepricesof theothercomponents (in 
millions of credits) are determined by multiplying their mass (in 
tonnes) by the component multipliers listed below: 

Compbnent Multiplier 

Loader 0.01 

1. Set-Up: A launcher must be set up before it can fire. The set-up 
time for an ARL (regardless of how many launch tubes it has) in 
combat turns is equal to the diameter of its missile warhead in 
centimeters multiplied by 8. If self-propelled, the set-up time is its 
warhead diameter multiplied by 4. If self-propelled and equipped 
with a TL 8 or higher landnav system, set-up time is warhead 
diameter multiplied by 2. 

RECO~UESS RlFLES 
Recoilless rifles are direct fire weapons designed to deliver a large 

warhead from a 1ightweapon.This is accomplished by reducing the 
recoil of the weapon virtually to nil. The recoilless rifle counters the 
normal recoil associated with firing a projectile by venting an equal 
amount of energyto the rear in the form of exhaust gas. This makes 
the weapon similar to a rocket, in that it has a pronounced exhaust 
when fired and virtually no recoil, but also similarto a CPRgun in that 
the propellant charge bums all at once and thrusts the separate 
projectile out the muzzle of the gun tube. 

A. Typesof Recoilless Rifles:There are twogeneral configurations 
of recoilless rifles: light and heavy. Light recoilless rifles are designed 
to be man-portable and fired from theshoulder of an infantry soldier. 
Heavy recoilless rifles are mounted on carriages and generally have 
heavier actions and longer barrels to achieve greater range. 

B. Tech Level: Recoilless rifles may be built at tech level 5 and 
above. Tech level advances make recoilless rifles more efficient, 
particularly with regard to mass. 

C. Empty Mass The empty mass of a light recoilless riile is equal 
to its bore diameter squared and multiplied by a tech level mass 
multiplier as shown below 

TL Mass Multiplier 
5 0.6 , .  

c. O A  v ". 1 

7 0.3 
8+ 0.2 

Heavy recoilless rifles mass twice this amount. In addition, a heavy 
recoilless rifle requires a field carriage with a mass equal to or greater 
than the empty mass of the weapon. Light recoilless rifles do not 
require a carriage. 

D. Flre Control: Any shoulder-fired weapon includes optic sights 
in the basic weapon package and no additional mass or price is 
required. Heavier weapons on a field mount require direct fire 
controls. Consult the Fire Control chapter (Section 14) for masses 
and prices. 

E. Loaded Mass: The loaded mass of the recoilless rifle is equal to 
its weapon mass, fire control mass (if any), carriage mass (if any), and 
the mass of one round of ammunition. 

Light recoilless rifles may not have a loaded mass of greater than 
45 kilograms. 

F. Range: Light recoilless rifles have a short range in meters equal 
to their bore diameter in centimeters multiplied by 20. Heavy 
recoilless rifles have a short range equal to their bore diameter 
multiplied by 30. 

H. Price: The price of the weapon is equal to thesum of the prices 
of its components. Firecontrol equipmentcosts are listed in the Fire 
Control chapter(Section 14).The pricesoftheothercomponents(in 
millions of credits) are determined by multiplying their mass (in 
tonnes) by the component multipliers listed below. 

ComDonent Multidier 

Carriage 0.002 

SPKE MlSSlLE LAUNCHERS 
Launch facilities for missiles from spacecraft are comparatively 

simple. Each launch facility consists of a standard crew workstation, 
a 300,000-kilometer-range laser communicator, and one or more 
launchers. Missile launchers may have their own active or passive 
sensors and master fire directors installed, but are not required to do 
so, as they are able to use target locksobtained bysensors mounted 
elsewhere on the ship, and hand off control of their missiles to MFDs 
elsewhere on the ship. A launch facility may (but need not) also 
contain a mechanical reloader and one or more reload cradles. 

The laser communicator may not be from a higher tech level than 
the installed workstation, but missiles of any tech level may be fired 
from the launchers. Volumes, masses, and prices of communicators 
and workstations are found in the Electronics and Control Systems 
chapters (Sections 5 and 4) respectively. 

Each launcher has a volume equal to twice that of the missile it is 
designed to launch. Its mass in tonnes is equal to its volume in cubic 
meters multiplied by 0.5, and its price in millions of credits i s  equal 
to its volume in cubic meters multiplied by .0007. 

Normally, an hour is required to reload a missile launcher, butthis 
time can be cut to effectively nothing (five to 10 minutedessthan 
one space combat turn) by the addition of a mechanical reloader. A 
mechanical reloader has the same volume, mass, and price as a 
missile launcher. Each actual launcher in a launch facility must have 
its own mechanical rebader if it i s  to be reloaded mechanically. 

Mechanical reloaders use spare missiles carried in the launch 
facilityin reload cradles. The volume of each reload cradle is equal 
to the volume of the missile carried multiplied by 1.5 and its price 
in millions of credits is equal to its volume in cubic meters 
multiplied by .0001. 

Note that missiles carried in launchers and reload cradles do not 
count against the volume of the launch facility, as the launchers and 
reload cradle volumes include the vacant spaces for the missiles. 

Missile launch facilities may be of any volume desired. Facilities 
designed to fit in standard turret hardpoint sockets may not displace 
more than 3 tons (42 cubic meters), and launch facilities designed 
to fit in standard barbette hardpoint sockets may not displace more 
than 6 tons (84 cubic meters). Bays are usually designed in incre- 
ments of 50 or 100 displacement tons, but there is no specific 
requirement that all launch facilities conform to those dimensions. 
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CHAPTER 11 
Airborne Weapons Mounts 

The following information is provided for airborne weapons 
mounts. Whatdistinguishes these mounts from conventional mounts 
is that drag is a consideration. 

GUN MOUNTS 
T l  Type Drag Mass Capacity Price 

5 Turret 1 .4 RE= 0.1 .005 

TL: Tech level of first availability. 
Type: Description of weapon mount. 
Drag: Drag points. 
Mass: Mass, in mettic tonnes, of the mount, exclusive of ordnance. 
Capacity All gun mountcapacities aregiven in terms of therecoil 

energy (RE) of the weapon placed in the mount Recoil energy, for 
purposes of this rule, is defined as the required carriage weight, in 
tonnes, of the weapon. (The carriage itself is not mounted in the 
aircraft, as the gun mount takes its place.) 

An aircraft may have fixed forward-firing weapons mounted with 
recoil energy equal to the loaded weight of the aircraft (in tonnes) 
times 0.2 a t  tech level 4 and equal to the loaded weight times 0.5 at 
tech level 5 and above. 

Each small arm machinegun (less than 2cm in bore) counts as a 

Price: Price, in millions of credits, of the mount, exclusive of 
recoil energy of 0.05 for purposes of gun mount capacity. 

weapons. 

Ordnance Pods 
Almost any weapon or piece of electronic equipment can be 

mounted in a streamlined pod and hung from a hardpoint Weapons 
must include an ammunition supply while electronic equipment 
must include a power supply or have power needs modest enough 
to be supplied by the aircraft carrying the pod. Pods may be fitted 
with power-generating ram-air turbines to supply their own power 
needs. MW of power per pod is based on airframe type. Ram-air 
turbines do not function well in supersonic airflows. 

Airframe MW . -. . . .. . . . - . .. 

Simple ' 0  ' '  

Fast Subsonic 0.5 

SuDersonic 0.5 

All p o d s  add 10% to the mass, volume, and price of the compo- 
nents contained in the pod. Pods with ram-air turbines add 20%. 

Fuel mayalso becarried instreamlined pods hung from hardpoints. 
These are called drop tanks and may only be carried on plumbed 
hardpoints.The massand volumeof thetank is equal tothe mass and 
volumeofthefuelcarried multiplied byl. l  andcostcrl perkilogram 
of mass. 

ORDNANCE RACKS, LAUNCH RAILS, AND HARDPOINTS 
Tl  Type Price 

.0001 

TL: Tech level of first availability. 
Type: Description of weapon mount. 
Drag: Drag points. Values in parentheses are only in effect when the rack, rail, or harpoint is loaded. 
Mass: Mass, in tonnes, of the mount, exclusive of ordnance. 
Capacity: Ordnance which can be carried by the mount. 

* FHPs (Fuselage Hardpoints) may carry 2000 kg of ordnance (2000 liters of fuel if plumbed) or 10% of the aircraft's loaded 

** IWHPs (Inboard Wing Hardpoints) may carry 1500 kg of ordnance (1 500 liters of fuel if plumbed) or 7.5% of the aircraft's 

*** OWHPs (Outboard Wing Hardpoints) may carry 500 kg of ordnance ~ 2 . 5 %  of the aircraft's loaded weight, whichever is more. 
***Racks are fitted to hardpoints to allow carriage of multiple weapons. 
*n**Capacity based on mass. Volume is assumed to be sufficient for indicated mass of ordnance. 

weight, whichever is more. 

loaded weight, whichever is more. 

Price: Price, in millions of credits, of the mount, exclusive of ordnance. 



APPENDIX 1 
Standard Socket-Sized Weapons and Defenses 

for Installation Aboard Spacecraft 
SANDCASTERS FOR STANDARD TURRET SOCKETS 

Cannisters Beam 
TL Price Carried Reduction 

9 0.65 18 1 D6x5 

11 0.75 24 1 D1 Ox5 

13 0.85 35 2D6x5 

15 1 50 2D1 Ox5 

Price: Price of turret in millions of credits; Cannisters Carried: 
Number of sand cannisters carried in turret; Beam Reduction: 
Beam reduction made per successful beam interception 

TURRET AND BARBETTE SOCKET MISSILE LAUNCHERS 
Type TL Missiles Volume Weight Power Price 

Barbette 8 5 84 70.4 0.15 0.1 1 

Volume: In kiloliters; Weight In tonnes; Power: In megawatts; 
Price: In millions of credits (without missiles) 

NUCLEAR DAMPERS 
FOR STANDARD TURRET AND BARBETTE SOCKETS 

TL Desaiption Mass Price Power 

15 Damper Turret 33.2 4.5 3 

Mass: In tonnes; Price: In millions of credits; Powec In megawatts 

SAMPLE SPACE MISSILES FOR SOCKET MISSILE LAUNCHERS 
TL Guidance Yield Mass MCr G-Tums Hits Damage Range Comm Sensor Signatures 

12 Semi-lnd. 500 7 2.0 818 1 D6 0 1 OL 1P 4/+3/4 /+3/+1 

Yield Warhead yield; Mass: In tonnes; MCr: Price in millions of credits; C-Turns: Number of G-turns of fuel carried (followed by 
maximum number of G-turns which can be used in a single turn; Hits: Die roll for number of hits from the laser; Damage: Damage value 
of each laser h i t  Range:Absolute rangein hexes(O=same hexonly); Comm:Typeof communicator(L= laser, M = maser, R =  radio); Sensor: 
Sensor range (in hexes) and type (R = radar, T = high-resolution thermal, L = ladar, A = active EMS, P = passive EMS); Signatures Missile's 
signature vs. radar, active EMS, HRT, passive EMS, and fire 

SAMPLE STANDARD TURRET AND BARBETTE SOCKET LASERS 
MW MCr Mass Short 

0.94 65 4:' 19-2 7 

MW: Required powerinputin megawatts; MCr: Price in millionsof credits; Mass: In tonnes; Short, Medium, Long, Extreme: 
Combat performance at these ranges: range in hexes: penetration ratingdamage value. 

Note These weapons are the same as those published, with slightly different details, in Brilliant Lances and first printing TNE. The 
differences are due to slightly different rounding conventions from an earlier version of the design sequence. These have been changed in 
ordertogive the designergreatercontrl over detailsof thedesign. These figures arecalculated using the sequencesin this book, areofficial 
changes, and will be incorporated into future printings of these products. However, players may continue to use the earlier values, as the 
number of different designs and weapons manufacturers in charted space will result in reasonable variation in performance details. 
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APPENDIX II 
1 Using Alternate Technologies 

To makealternatetechnologies easyto integrate in your Traveller 
game, we have provided a suggested baseline tech level of introduc- 
tion and, where appropriate, indicated the tech levels where addi- 2 tional improvements become available. This constitutes a pre-set 
"slope" for technological innovation which referees may use as a 
starting point or alter as they see fit. 

To vary the technological underpinnings of your campaign, three 

1. Alternate Technology: Method numberonealters the physical 
universe by using one or more of the alternate technologies pre- 
sented in the book, either in addition to or as a substitute for some 4 technology already included in Traveller. This method can be as 
simple as just deleting a piece of projected technologyfrom the mix 
(such as contra-gravity, jump drive, EAPlaC, HEPlaR, laser focusing, 
or meson screens) and relying on remaining baseline technologies 

2. Altered Initial Availability: The tech level at  which projected 

3 methods are available. 

5 to fill the gap created. 

technology becomes available can be moved forward or back. 
Teleportation is an excellent example of this. Matter transmission is 
set a t  such a high tech level of initial vailability that it will effectively 
play no part in any Traveller Imperial Space campaign. By moving 
its availability to tech level 8, the technological basis of the universe 
(and its adventuring elements) is changed greatly. 

3. Altered Slope: Slope is the rate at which technological change 
is accomplished. (See page 7 for an explanation of slope.) Raising or 
lowering theslope hasaprofound effecton thenatureofthegaming 
universe, and referees building their own universe will almost 
certainly want to tinker here. A cyber-heavy universe, for example, 
would probably have a steeper slope on cybernetics than is pre- 
sented in the chapter as it currently stands, with much more of the 
equipment available a t  earlier tech levels. A universe where starship 
combat is difficult, or limited mostly to large line-of-battle ships, 
might have a much more shallow slopeon laserfocussing, as well as 
other directed energy weapon designs. 

You will find that by using these three tools and the design 
sequences provided in this book, virtually any science-fiction uni- 
verse can be tailored. 

6 APPENDIX 111 
Design Examples 

7 Design Example: 7mm TL-10 ACR (ETC) 
This will proceeed pretty much in the same order as the design 

sequence itself. I experimented with several different values for LCC, 
E, and BI until I got numbersfordamageand range that I liked (these 8 experimental calculations are not shown here to conserve space). 
Refer to the design sequence for the meaning of the abbreviations 
used in the various formulae. 

9 PART I: Ammunition Design 
Tech Level: 1 0 
Bullet: 7mm 
Cartridge Case Length: 30mm 
Cartridge Case Type: Necked ETC 1 0 

Ammunitlon Evaluation 
Length: 44mm 

Lan = Lcc+2xd = 30+2x7 = 44 

Wa = AwcLcmr* = 0.01 ~30~3.1416~3.5~3.5 = 1 1 S454, 
'I Weight: 12 grams 

rounds to 12 

12 Average Muzzle Energy: 4803 joules 
Ea = TmCmLccxr2 = 1 . 3 ~ 3 . 2 ~ 3 0 ~ 3 . 1 4 1 6 ~ 3 . 5 ~ 3 . 5  = 

4802.8781, rounds to 4803 
Price: Cr0.24 

Cr = WTm = 12~0.02 = 0.24 

Special Ammunition 
13 

HE TL-6+. Price for HE rounds i s  multiplied by 2 0.24~2 = 0.48 
DS Tech level &. Price for DS rounds is multiplied by 2 0.24~2 = 0.48 
HEAP Tech level 9+. Price for HEAP rounds is multiplied by 3: 

Tranq: Tech level 6+. Price for Tranq rounds is multiplied by 2: 

14 
0.24~3 = 0.72 

0.24~2 = 0.48 

PART II: Weapon Design 

1. BARREL 
Average Barrel Length 49 cm 

Actual Barrel Length 49 cm (1 0 to 11 3) 
Type of Barrel: Light barrel 
Barrel Weight: 0.98 kg 

Barrel Price: Cr392 

Actual Muzzle Energy Ball, HE, HEAP, & DS 4803, Tranq: 2882 
E = Ea(l+[O.S(Blp-l)]} = 4803x(1+[0.5x(l-l)]} = 4803 

Damage: Ball, HE, HEAP, & DS 5, Tranq: -1" 

/-/€/HEAP: 7+10 = 17,17-7 = 10,103 = 1000, 10004803 = 5803. 

Tranq: All Tranq round damage = -1 (1 D6-l), plus the effects 

Penetration: Ball: 2-3-Ni1, DS 1-2-3, HEAP: 2-2-2, HE & Tranq: Nil. 

Bla = (Ea+dz)Rm = (480k7x7)xO.S = 49.01 021 rounds to 49 

Wbl = 0.02Lb = 0.02~49 = 0.98 

Cr = WbxBtrn = 0.98~400 = 392.00 

Ball & DS: D = a + l 5  = 69.303679+15 = 4.620245 = 5 

&%% = 76.1 77, 76.1 77+15 = 5.079 = 5 

noted in the rules. 

2. RECEIVER 
Receiver Type: Light, self-loading, electrothermal receiver, with 

selective fire option. 
Rate of Fire: 5 
Receiver Length 31 cm 

Receiver Weight: 2.702 kg 

Receiver Price: Cr875.5 

Lr = TcKa = 0.45x69.303679 = 31.1 86656 = 31 

WrlET = 0.000SEa+0.3 = 0.0005x4803+0.3 = 2.701 5 

CrEt = (WrAm)+2OO = (2.702~250)+200 = 875.5 
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3. STOCKS 
Bullpup stock 

Range: Ball: 83, DS: 100, HE/HEAP 62, Tranq: 30. 
SR = ZCmBlm = 69.303679~1.2~1 = 83.1 6441 5 = 83 
OS: 83~1.2 = 99.6 = 100 
HUHGIP: 83~0.75 = 62.25 = 62 
Tranq: SR = GCmBlm = 53.68426x1.2~1= 64.42111xO.6 = 

Blm: Modification to short range for barrel length = 1 
38.652668 = 30 

Blm = l+[(Blp-1)CJ = 1+[(1-1)xO.75] = 1 

4. FEED SYSTEM 
Box Magazine: A 20-round detachable box magazine standard 

issue. This weapon’s cartridge is 44mm long, which means that the 
receiver must be a t  least 194mm or 19.4 cm to use a box magazine. 

Wm = O.O006(N+4)Wa = 0.0006~(20+4)~12 = 0.1 728, 

Magazine Price: 10~0.2592 = 2.592, rounds to Cr3, plus 20x5 = 

Magazine Weight: 0.553 kg 

plus 0.01 9x20 = 0.5528 rounds to 0.553 

CrlO3 

5. OPTIONS 
Sights: Electronic and laser sights fitted as standard equipment. 
Recoil Reduction: Muzzle brake, gyroscopic compensator, and 

Bayonet Lugs: Standard equipment. 
Grenade Adaptec RAM shoot-through grenadeadaptorfitted as 

standard equipment. 
Flash Suppressor 

electrothermal action. 

Length: 1 cm per 300 joules of muzzle energy4803+300 = 16.01 

Weight: .01 kg per cm of length 16~0.01 = 0.1 6 kg 
Price: Crl per cm of length = Cr16 

=16cm 

6. TINKERING THE DESIGN 
None needed. 

EVALUATION 
Total the various components: 

Receiver 31 2.702 875.5 

Muzzle Brake (4 crn) 0.2 50 

Bavonet Luo 

Weapon, Empty 106 crn 5.895 4096.5 . .  

Weapon, Loaded 106 crn 6.1 35 41 01 

Recoil: 
Single shot: 

1 

2 

3 

4 

5 

6 

7 

8 

R = {[(O.lS@+Ww]+Em)Rcm 
6 ~ 4  H f ,  HEAP, &DS: R = {[(0.15~69.303679)+6.135]+2)~0.23 = 

0.849 = 1 

6.1 35]+2)xO.23 = 0.762 = 1 
Trunq: R = {[(0.15~)+Ww]+Em)Rcm={[(0.15~53.684262) + 

R: Recoil number 
E: Muzzle energy (in joules) = Ball, HE, HEAP, & DS: 4803, Tranq: 

$= Ball & DS: 69.303679, Tranq: 53.684262 
Ww: Weight, in kilograms, of weapon (loaded) = 6.1 35 
R a n :  Recoil compensator modifier = 0.6x0.5x0.75 = 0.23 
Em: Modifier for high muzzle energy. 2501 -5000 joules = 2 
Bn: Number of shots in the burst. 

Burst 
R = ({[ (Bn+2)(0. 1 5&)]+Ww}+{ [ Bn+2] Em))xRcm 

2882 

~cJ//, Hf, HEAP, & DS: R = (~(5.0+2)~(0.15~69.303679)] + 6.1 35)+ 

Trmq: R = ({[(5.0+.2)~(0.15X53.684262)] + 6.1 35)+ {[5+2]x2))xO.23 
{[5+2]x2})xO.23 = 2.1 24 = 2 

=1.904=2 

Finally, we note the weapon’s statistics in usable form 

7x46mm ETC TL-10 ACR 
TL: 10 
Ammo: 7x46mm ETC (TL-10) 
Weapon Weight: 6.1 35 kg loaded, 5.895 empty 
Magazine Weight: 0.793 kg loaded, 0.553 kg empty 
Magazine Price: Cr3 

Penetration: Ball: 2-3-Ni1, DS 1-2-3, HEAP: 2-2-2, HE & Tranq: Nil. 
Range: Ball: 83, DS: 100, HE/HEAP 62, Tranq: 30. 

Damage: Ball, HE, HEAP, & DS: 5, Tranq: -1* 
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14 Determine bulk 
Bulk 106+15 = 7.06 = 7 

and proceed to determining recoil 
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- Recoil - 

1 

2 
5 5 2-2-2 7 20 1 . 2  7x46mm HEAP 

* See Traveller rules, page 350. 
Range in parentheses is iron sight range, other range is with electronic sight. 

3 7x46mm ETC, per round 
Lenqth Weight AM€ Price - 

Caliber: TL (Joules) 

4 

5 
7x46mm HEAP-9 10 44 12 4803 0.72 

Design Example: TL-13 Plasma Cradle Gun 
6 (Vehicle-Mounted) 

SPECIFICATIONS 
TL: 13 
Pulse Power: 12 Mj 
Fire Control: Comes with basic optic sights. TL 12 ballistic 

computer added. (Mass = 0.4 tonnes. Price = MCrO.1. Fire Control 

7 

8 rating = dl Mount: Cradle (for vehicle mounting) 
Cartridge: Tech level 12 Plasma Pulse Cartridge, 12 Mj 

Volume: (1 2x.0003=) .0036 cubic meters 
Price: (1 2x.000025=) MCr.0003 (Cr300) 
Mass: (.0036x8=) .0288 tonnes (29 kg) 
Radius: .OS8 meters (58mm) 
Dimensions: 11 6x348mm 

9 

10 WEAPON DESIGN 
MASS 

Firing Unit: (1 2x4=) 48 kg 
Support Hardware: (1 2x6=) 72 kg 
Fire Control (from above): 40 kg 
Recoil: (1 2x20=) 240 kg 
Autoloader: (30x29=) 870 ka 

1 1 

TOTAL 1270 kg 
d 

GUN CREW 
12 

1 (since it is vehicle-mounted with an autoloader) 

RANGE ’ Short Range: (1 2x30=) 360 
Medium Range: (360x2=) 720 
Long Range: (360x4=) 1440 14 Extreme Range: (360x8=) 2880 

DAMAGE VALUE 
Damage: (1 1.5x3.46=) 39.79 (39) 

PENETRATION 
Rating: 1-2-1 0 
Value: 39-1 9-3 

RELOADING 
Reload Time: (.3x12+3=) 1.2 (1) 
Rate of Fire: (2) 

PRICE 
Firing Unit: (48x2500=) Crl20,OOO 
Support Hardware: (72x2500=) Crl80,OOO 
Fire Control (from above): CrlO0,OOO 
Recoil: (240x1 OO=) Cr24,OOO 
Autoloader: (870x1 0=) Cr8700 
TOTAL: Cr432,OOO 

SET-UP 
None (vehicle-mounted) 

VOLUME 
Firing Unit: (.048xO.5=) .024 
Support Hardware: (.072x0.5=) .036 
Fire Control: (.040x1=) .040 
Recoil: (.24Ox1=) .240 
Autoloader: (.870xl=) .870 
TOTAL 1.21 0 cubic meters 

RECOIL 
None (cradle-mounted) 

BULK 
None (cradle-mounted) 



Design Example: TL-13 Crav Tank 
Step l-Chassis: A 7-ton (98 kiloliter) chassis is selected in a fast 

subsonic configuration. It uses superdense armor and has an overall 
level of protection of 4 (0.3cm of armor). This is thickened to 0.39 
(AV 5.4) on the sides, 0.3 (AV 8) on the top, and 2.1 5cm (AV 30) on 
the front. The sides are given a moderate slope (AV = 5.4x1.5, or 8) 
and the front is given a radical slope (AV = 30x2, or 60). 

Component V d  Mass Power Area price 

0.15 2.25 - 

Side. mod skme (AV8) 19.6 - - - -  
High-EfficienG CG ' 2.1 1.4 0.7 - 21 0,006 

Step 2- Suspension: High-efficiency CC lifters are used. 

Component V d  Mars Power Area Price 

Step 3- Control Systems: The vehicle uses tech level 13 holo- 
graphically linked controls and has both flight avionics and terrain- 
following avionics. It also has two flight computers (main and back- 
UP). 

Component Vol Mass Power Area Price 

Backup computer 0.9 0.18 0.045 - 4000 

Step & Life Support: The vehicle is pressurized to allow opera- 
tions in hostile environments. 

Component Vol Mass Power Area Price 

Step 5-Electronics: The vehicle has a 300-kilometer radio for 
broadcast communications and a 3-km laser communicator for 
secure tacnet communication. For sensors, it mounts a 3-km active 
EMS array and a jammer of equivalent performance and a 30-km 
passive EMS sensor. 

Vd Mass Power Area Price 

3-km active EMS iammer 0.1 0.2 1.0 0.2 400 oao ~ I - - -  ._ ._ 

30-km passive EMS VLl2) 
Processor 0.01 0.02 0.001 - z0,m 
Antenna (TL 13) 0.0005 0.0005 - 0.01 500 

Step &Weaponry: The tank mounts a 12-Mj plasma cradle gun 
in the turret and both a 7.5mm machinegun and 3cm laser coaxial 
with it(and operatedfrom a singlegunner'sstation).The plasma gun 
is thatdesigned in the example provided earlier in this appendix; the 
laser and machinegun are taken from the equipment l is t  in the basic 
game. All volumes are doubled because of placement in the turret. 
(At tech level 7, volumes would be tripled; at tech level 6, theywould 

be quadrupled). Note that the mass and volume of the plasma gun 
includes a ballistic computer and autoloader. The weapon mount is 
stabilized. 400 PPC for the plasma gun and 3000 rounds of ammu- 
nition for the machinegun are carried as well. 

Component Vd Mars Power Area price 

3000 rounds 7mm 0.09 0.09 - - 3600 

Step7-PowerPlant Thevehiclehasa 3.3 MWfusion powerplant 
and a HEPlaR chamber to convert 0.8 MW of power to thrust. Fuel 
tankage for one year of reactor operation and 20 hours of thrust are 
included as well. 

Component Vol Mass Power Area price 

- -  Reaction mass 4 0.28 - 

Step %Crew: The vehicle has a driver (in the hull), a commander 
(turret), and gunner (turret). There is also a passenger seat (ad- 
equate) installed in the hull. Note that workstation volumes in the 
turret are doubled. 

Component Vol Mass Power Area price 

1 hull workstation 3.5 0.2 - - 2000 

Step9-Cargo: Mostremaining volumeisdevoted tocargospace. 

Component Vol Mass Power Area Price 

EVALUATION 
DESIGN FEATURES 
See above. 
Fuel consumption is 0.1 1 kl of fuel peryear for the reactor and 0.2 

kl of fuel per hour as thruster reaction mass. On-board reaction mass 
is sufficientfor 20 hours of movement; the reactor requires refueling 
once per year. 

MOVEMENT 
Thrust: 0.8 MW = 16 tonnes 
CS: 1 6 7 0  = 0.2286 CS 

Max Speed: 0.2286~3500 = 800.1 kph (limited to 800 by 

Heavyturretis1O%ofvolume(5.617+58.8 kl aftersloping), reducing 

Cruising Speed: 720~0.75 = 540 kph 
NOE Speed: 720~0.25 = 180 kph (limited to 1 70 kph by TL-13 

Combat Move: 24 (NOE), 100 (high mode) 
Travel Move: 1020 (NOE), 21 60 (high mode) 

MAINTENANCE POINTS 
41.7659~6 = 6.96 (rounded to 7) 

airframe type) 

speed by 10% to 720 kph 

avionics) 
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DESIGN RECAPITULATION 

- - - cargo 16 4 
TOTAL 97.81 61 25.4682 3.2428 1.51 2,010,979.1 

41.7659 (loaded) 

Sample Design: Tech Level 14 Socket Barbette Turret 
The following example explains the design of the standard TL-14 

socket laser barbetteas seen in Appendix 1, and mounted on the famous 
Gazelle-class close escorts. 

1. Tech Level 
Laser is TL 14, and will be tunable. This will allow the laserto havethe 

greatest possible utility as it will be installed in standard sockets aboard 
a wide variety of vessels. 

2. Cravttic Focusing 

3. Focal Array 
In order to attain maximum range at  all of the tunable wavelengths, 

the laser's focal array will use the full diameter of the standard barbette 
socket. 
3A. Standard Socket Mounted Lasers 

3B. Bay-Mounted Lasers 

4. Discharge Energy 

with a heavy focal array. 

The laser is for the Imperial Space campagn, so uses gravitk focusing. 

From the table, the diameter used for the focal array is 4.5 meters. 

Does not apply. 

Discharge energy (DE) will be 300 megajoules. 
Because the turret is intended for installation on a starship, it is built 

The focal array has a diameter of 4.5 meten, which gives a radius of 

3.141 6 x (2.25)2 = 15.9, rounded to 16. 

Focal arrayvolume multiplies thesurfacearea bythe discharge energy 
(300) and bythe tech level volume multiplier, which for a TL-14 heavy 
focal array is 0.001. 

2.25 meters. Surface area is therefore: 

16 x 300 x 0.001 = 4.8 cubic meters. 

Mass is 4.8 tonnes, and price for a heavy focal array is volume times 
0.2 or (4.8 x 0.2 =) 0.96 MCr. 

Because gravitic focusing was chosen in Step 2 above, the laser's 
efficiency is automatically 20%. Input energy is calculated from the 
discharge energy (300) as follows: 

300 + 0.2 = 1500 megajoules. 

5. Laser Performance Rating 
SA. Non-Cravitic Focused 

56. Using Cravitic Focusing 
Does not apply. 

The FA diameter established above is 4.5 meters. 
1.4.5 meters x 10 = 45 decimeters 
2. The focal modifier for a TL-14 heavy focal array is F = (6Dy 

(6 x 45)2 = 72,900 



3. 72,900 + 10 = 7290, which is the laser's adjusted focal value F. 
4. We will calculate two effective ranges here for our tunable laser: its 

best range, by tech level, which is far ultraviolet ( F W :  wavelength of 
IOOOA), and also its range in the visible band OIL: SOOOA), which is 
usually the best wavelength for planetary bombardment. 

These equations both use the formula F x range factor = effective 
range, where the FW range factor from the Tunable Lasers table is 100, 
and the VL range factor i s  20. 

Effective range in FW is 7290 x 100 = 729,000 kilometers, or 
(729,000 + 30,000 =) 24.3 space combat hexeslrange bands. 

Effective range in VL is 7290 x 20 = 145,800 kilometers, or (93,300 
+ 30,000 =) 4.86 space combat hexeslrange bands. 
5C. Tunable Lasers 

immediately above. 
5D. Atmospheric Performance 

Wewill now calculate ranges in a standard atmosphere a t  FW and M 
wavelengths. 

For FW, we multiply the range of 729,000 by 0.01 to get an 
atmospheric effective range of 7290 km. 

ForVl, we multiplythe rangeof 145,800 by0.l to get an atmospheric 
effective range of 14,580 km. 

The selection of visible tuning was significant, as it has twice the 
atmospheric range as far ultraviolet. 

Planetary BombardmenkToseethu effect,wewill examinetheexample 
ofthis laser conducting planetary bombardment from a range of 2 hexes. 

In FW, 2 + 0.01 = an atmosphere adjusted range of 200 hexes, far 
beyond the laser's effective range. 

In W, 2+ 0.1 = an atmospheric adjusted range of 20 hexes, within the 
laser's effective range. We will find the laser's damage and penetration 
performance at these ranges below. 

6. Define Short Range 
6A. Large (Non-Hand-Held) Lasers 

Because this is a large (heavy focal array) laser, it will be fmed with a 
beam pointer. Since its effective range (24.3 hexes) is well in excess of 
any beam pointer, we will select the best available beam pointer from 
Section 14, the 300,000 km/l 0 hex model. At TL 14, it has a volume of 
6 cubic meters, a mass of 6 tonnes, and a price of (6 x 0.1 =) 0.6 million 
credits. 

We have already calculated one of our available tunable wavelengths 

Our laser's short range is therefore 300,000 km or 10 hexes. 

Does not apply. 
6B. Small Arms (Hand-Held) Lasers 

7. Laser Combat Ratings 
7A. Combat Range Bands 

Because our laser is designed for spacecraft mounting, we will 
calculate ranges in space combat hexesjrange bands. 

Our laser has a medium range of 10 x 2 = 20 hexes. 
Our laser has a long range of 10 x 4 = 40 hexes. 
Our laser has an extreme range of 10 x 8 = 80 hexes. 

In order to calculate damagevalues, we must first calculate the laser's 

Vafue for R at short range is (10 + 24.3 =) 0.412 which becomes 1. 
Value for R at medium range is (20 + 24.3 =) 0.823 which becomes 1. 
The value for R at medium range is (40 + 24.3 =) 1.64609 which is 

The value for R at extreme range is (80 + 24.3 =) 3.2921 8 which is  

At short range, the laser has an intensity of 300 x (1+ [1]3 = 300 
At medium range, the laser has an intensity of 300 x (IC [1]3 = 300 
Atlong range,thelaserhasanintensityof300x(1+[1.65]3= 110.2 
At extreme range, the laser's intensity is300 x (lc r3.2913 = 27.72 

Wah the four range intensities, we can now calculate damage values. 

7B. Damage Value 

intensity at i ts four combat ranges using I = DE (1 + R3. 

rounded to 1.65 (nearest 0.01). 

rounded to 3.29. 

Damage value at short range is 2.5 x ./300= 43 
Damage value at medium range is 2.5 x 
Damage value at long range is 2.5 x m 1 0 . 2 1 2 6  
Damage value at extreme range is 2.5 x \/27.72 = 13 

= 43 

1 

2 

3 

4 

5 

7C. Penetration Rating 

in 78 above. 
These calculations are made using the same intensity values derived 

Inverse penetration rating at  short range is 0.8 x = 13.85 

Inverse penetration rating at medium range is 0.8 x = 13.85 

Inverse penetration rating at  long range is0 .8xm= 8.4 rounded 

Inverse penetration rating at  short range is 0.8 x \'27.72 = 4.21 

rounded to 14, inversed = l / i 4  

rounded to 14, inversed = l / i 4  

to 8, inversed = 

rounded to 4, inversed = l /4 

7D. Personnel Damage Dice 
Because this is a space combat weapon, and would only hit personnel 

after penetrating a starship hull, personnel damage diceshould only be 
calculated on a case-by-case basis on remaining damage value. 

8. Power Source and Rate of Fire 
8A. Direct Electrical Power 

This laser will be powered by direct electrical power, and will require 6 
a homopolar generator of 1500 x 0.04 = 60 cubic meters. The HPG 
masses (60 x 2 =) 120 tonnes, and costs (60x 0.01 =)0.6 million credits. 

Rate of Fire: The laser will be powered to a rate of fire of 10 shots per 
30-minute space combat turn. This rate of fire does not require an 
increase in focal array volume. 

8B. Chemical Laser Cartridge 

7 

9. Crew 8 

9 

10 

11 

Power Input: (1 0 x 1500) + 1 800 = 8.33 megawatts. 

Does not apply. 

The barbette will be crewed to allow local control and therefore 
requires a normal workstation. The Controls chapter (Section 4) shows 
that a normal workstation has a volume of 7 cubic meters and a mass of 
0.2 tonnes, and at TL-14 costs 0.002 million credits. 

10. Laser Furnishings and Supporting Hardware 

1 1. Ph sical Characteristics 

Does not apply. 

11A. J olume 
Focal array plus beam pointer plus homopolar generator plus work- 

station total (4.8 + 6 + 60 + 7 =) 77.8 cubic meters, well within the 84 
cubic meter restriction for standard barbette sockets. 
11 B. Mass 

Focal array plus beam pointer plus homopolar generator plus work- 
station total (4.8 + 6 + 120 + 0.2 =) 1 31 tonnes. 

11C. Focal Price array plus beam pointer plus homopolar generator plus work- 12 
station total (0.96 + 0.6 + 0.6 + 0.002 =) 2.1 62 million credits (MCr). 
1 1 D. Power Requirements 

1 1 E. Surface Area 

11 F. Bulk 

13 

14 

From Step 8A 8.33 megawatts (MW). 

From standard barbette socket table and Step 4,16 square meters. 

Does not a ply. 
1 1 None. C. Recoir 

11 H. Combat Performance 
See final listing of the weapon is seen in Appendix 1 on page 153. 
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