


GURPS Vehicles
Written by David Pulver, GURPS

Vehicles is your guide to any type of
transportation you can imagine. From
rowboats to racing cars, balloons to
bat~esuits, Greek galleys to GEVs - if you
can dream it, you can design it in this
exhaustive and fascinating design system.

GURPS Vehicles Expansion 1
Time for a tune-up! This long-awaited

Vehicles supplement lets you create
supercavitating submarines mat race
througb the ocean at Mach I, monstrous
cybertanks invulnerable to anything short
of a nuclear weapon, and elegant
spacecraft that ride the solar winds. There
are plenty of options for mundane vehicles
as well.

Transhuman Space
In the last decade of the 21 st century,

advanced biotech and interplanetary
colonization have transformed our solar
system into a setting as exciting and alien
as any interstellar empire. This series,
written and edited by David Pulver, is full
of exotic vehicular technology to be
exploited and improved upon.

GURPS WWII
Prepare for your finest hour as GURPS

explores the defining event of the 20th
century - World War II. The corebook
provides an overview of the war that
transformed the globe, reviews of the
nations and annies in the thick of the
fighting, and a modular vehicle-design
system compatible with this book.

See us on the Web at www.sjgames.com.
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AnOUT ~UR~\
Steve Jur.:kson Games is committed to full

suppon of the GURI'S system. Our address i.~ 5J
Games. Box 18957. Austin, TX 78760. Please
include a J;elf·addresscd. SUllnped cllvclope (SASE)
any time you wrilc LIS! Resources include:

P)'romid (ViWW.sjguffiCS.comlpyramid/). Our
online magazine includes new GURI'S rules and
anicles. It also covers Dungeons alld Dragol/s,
Truw:ller, llvrfJ oJDarkness, Cull ofCt!lu!hu, unu
many more lOp games - and other Stclle Jackson
G3mes rele.1ses like Itl N{)1/lill~, INWO, Car ""rs,
Too", Ogre Miniatl/res, and more. P)'Talflid sub
scribcn; also hUIIC access 10 pJuylCSllilcs unline!

New .tlll,plemellls (llld (U/I'eIl/UTes. GURPS
continues to grow, and we'll be happy to let you
knuw what's new. A current calalog is llvuilablc for
an SASE. Or check om our website (below).

£rmM. Everyone makes mistakes. including
us - but we do our best to fix our errors. Up-to-date
<.:rr-<lta ~h"-":Is for (llJ GURPS releases. including this
book. arc available from SJ Games: be sure to
include an SASE. Or download them from the Web
- see blllow.

Gamer illjJlI/. We value your comments. fur
new products ltS well as updated printings of exist
ing titles!

Imemel. Visit us on the World Wide Web at
www.sjgames.com for an online catalog, cITata.
updates. Q&A. and much morc. CURPS has its
01'.'11 Usencl group. 100: rec.gillllCSJrp.gurps.

GUH.PSnet. This e-mail list hosts much of
the online discussion of OURI'S. To join.
e-mail majordomo@io.col11 with "subscribe
GURPSlIct-L" in the body. or point yout web
browser to gurpsnclh'ijgames.cUlu.

TIle GURPS Vel/ides Expansioll 2 web page
is ill www.sjgamcs.CQIll/gurpsibooks/l.ehiclesx21.

Page References
Rule.s and statistics in this book are specifical

ly for the CURPS Basii' Set, Third Edition. Any
page reference tho.t bcgin~ with a B refers to the
GURPS Basic Set - e.g" p. 8102 means p. 102 of
the GURI'S Basic Set, Third Editioll. Page refer
ences that begin with CI indicate GURPS
CompelldiulI/ I. Otht:r references arc P for GURPS
hionics, S for CURl'S Space, Third £fliti'1/!. VE
lor GURI'S Vehicle,f, Second Edition, and WT for
GURPS UlJrehollse 23. For a full list of abbrevin
tiun~, ~ee p. ellSI or the updated web Ii~t lit
www.sjgames.comlgul"Jlsiabbrevs.hlm].

This book is the second supplement to
GURPS Vehicles, Second Edilioll. Like the first
volume, GURPS Vehicles EXPOIlSioll 2 adds a
wide range of features for vehicles of all sons,
from powered turbosails for high-tech sailing
ships to Icy drivcs and disintegration screens for
UFOs.

GMs should decide what technology is and
isn't appropriate to a campaign, and mix and
match to create memorable adventures. Fccl free
to decide thaI cenain technologies don't exist in
a particular setting. to make room for possibly
more inleresting inventions. Does contmgravity
make travel too casy? Replace gmv vehicles with
vacuum-filled airships or magnetic lifters. Is
nuclear fusion too mundane for a weird-science
future? Maybe everything runs on broadcast
power or zero-point energy!

GURPS Vehicles Expallsion 2 benefited
immeasurably from the generous contribulions
of M.A. Lloyd (who provided a wide array of
components and rules), Anlhony Jackson (cus
tom force fields), Bill Stoddard (for steilmpunk
technology), and S. John Ross (for Warehouse
23 weird science), among others.

RnOUT lH[ ~OMPllfR
David L. Pulver is a prolific wriler, game

designer and editor living in Victoria, British
Columbia. His credits include GURPS
Vehicles, Trallshumall Space, and BESM,
Second Edilioll.
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This chapter describes alternati ve options for
creating vehicle subassemblies. body features,
structures, and armor, ex.panding on Chapler I of
GURPS Ve"icle.~.

~IVfRofNT HeH lfVflS
Technology that represents a significant

divergence from the normal technology path laid
down in GURPS for TL7 and below is referred
to as "divergent technology." This is indicated
with a notation such a" TL(5+1), the firstllumber
being the TL at which it diverged and the second
the number of TLs since the divergence point.
Use the sum of both numbers for most purposes,
e.g .. TL(5+1) is effeclively TL6. However. it
would be a diffcrclII TL6. Engineers and scien
tists used to a normal (or differently diverging)
TL will suITer an additional -2 familiarity penalty
over and above any TL differences.

Divergent technology most often occurs in
"alternative E<lrth" typc seHings, such as GURPS
Steamptmk. It sometimes, but not always, devel
ops as a result of the existence of different pre
vailing physics. A divergent technology is only
available if the OM specifically decides it exists.

In some cases, divergent technologies only
function in alternative Earths (or other worlds)
where different physical laws hold sway, e.g., a
working theory of the ether instead of quantum
physics. These are referred to as "weird sci
ence" technologies.

~U8HmM811H
Subassemblies arc major components that

are added to a vehicle, such as wheels or turrets.
Two addirional subassembly options are below.

~~NTO~N\
Some light aircraft, notably seaplanes, are

designed to land on pontoons and float. Build
these as waterproof or sealed pods attached to the
body or wings containing nothing but empty
space. Each cubic foot of pontoon volume adds
37 lbs. notation. A vehicle should generally have
two pontoons (eac.h the same size) as under-body

pods, although other symmetrical arrangements
may be pemliued by the GM.

The combined volume ofthc pods is typically
10%·30% of body volume. If the flotation of the
pontoons alone is higher than total loaded weight,
the vehicle is treated as having fine hydrodynamic
linc.<; for all waleI' perfonnance except calcuktting
draft (pp. VE 130-132). Use combined pontoon
volume, not body volume, when refening to the
wMR lIud wSR Table (p. VE I32).

A vehicle may have both retractable wheels
and pontoons; use the statistics for "retractable
wheels that retract into the wings," except that
instead of adding 0.025 times body volume to
each wing, use (0.05/number of pontoons) as an
absolute minimum volume for each pontoon pod.
Pontoons cost $4 x surf<lce area.

Extra Detail-
Wing Pontoons on Flying Boats

A winged aircmft with a hydrodynamic
hull (a flying boat) normally requires two
smaH underwing pontoons (one pod per
wing) for stability when floating, even
though most of the notation is provided by
the body. If the pods do not provide flota
tion equal to at least 5% of the vehicle's
loaded weight. it usually tips over, prevent
ing it from safely landing or taking off.

RiolO ~All ~UBAmMBliH
111e.<iC arc higlHech alternatives to conven

tional masLS and sails. Rigid sails are potentially
less vulnerable 10 damage titan ordinary sails,
and can oc controlled by a single crew memocr
regardless of the sail area. There are three types:

Fletfner RO/(Jr.'i (TL6): These are tall rotating
cylinders which produce thrust from the wind via
the Magnus effect (see Vehicles Expa1lSioll 1).
They have a small power requirement.

WinKsaih (TL7): These rigid airfoils range
from giant upright wings to forests of inch-wide
slats. The advantages are simplified handling (no
sailing crew is necessary), easier match to [he
wind direction (they travel at full speed in any
wind ex.cept Willd 011 (he Bow), and higher thrust.

B(jI~N ~PJmNI



TlirboslIils (TL7): TI1CSC are hollow, slightly
streamlined cylinders with valved holes on each
side and a fan at the lOp. The leeward holes are
opened and the fan pulls air through them, creat
ing a low pressure region that induces lift vor
tices in Ihe passing wind. Like Flenner rotors.
they arc also powered.

Each wingsai!. Fleltner rotor, or turbosai! is
a structural subassembly Ihat can be substituted
for a mast on a vessel that is 10 use sails - for
example, a vesscllhat would nonnally have three
masts could install three turbosails. The rules on
masts (I'. VE9) reluting 10 maximum height and
minimum vehicle volume also apply to vehicles
with rigid sails.

Like masts, rigid sails do not COllnt as part
of a vehicle's structural surface area. Don't
bother calculating their volume. Instead. each
sail's surface area is equal to the square of its
height multiplied by 0.63 for a Fleltner rotor, by
0.5 for a wingsllil. or by 0.2 for a turbosail. Find
their Structural weight and cost using that area
and the Ma.w and Open MOIIII/ Weight and Cost
Table (see p. VE20). Their hil points cqual their
area x 2. They must be armored with at [east
DR I. Solar cells (see p. VE96) can
be mounted on rigid sails ,:::~-:: _
at TL7+.

For thrust (and, for
Flellner rotors and turbosails, power
requirements), sec Rigid Sail
Propulsion on p. 7.

~PECIHL HRUCTURHL ~PTION~
These options may be added after the struc

tural weight and cost of the vehicle has been
determined, a.<; per p. VE20.

Smart Skirt (TLS)
This option equips a GEV skirt with sensors

that allow it 10 change its configuration slightly
- for instance. to avoid an obstacle. This adds
0.25 to MR and costs ($80 x surface area of
GEV skirt).

Smart Tracks (TLS)
Smart tracks are similar to smart wheels

(I'. VE21), but can be added to tracked. ski
tracked. and hulf-tracked subassemblies. They
sense ground conditions and change track ten
sion and tread shape slightly in response for opti
mum pcrfonnance. Like smalt wheels, they add
0.25 to gMR. Smart Tracks are also less break
down-prone than ordinary tracks; treat them as

~[\I6N ~PTlON\



wheels when determining ground vehicle break
downs (p. VEI47). They arc les.." prone 10 jam if
damaged (see p. VEtS!. Jamming Tmcks); ajam
has a I in 6 rather than 2 in 6 chance of occurring.
1llcy caLL';C no more damage 10 hard roads than a
whcclcd vehicle. unlike ordinary trocks which
lend 10 chew up asphalt. Smart Tracks cost S80 x
surface area of the IJ'aCks. minimum $4.000. 11le
(.'Ost is halved at TI..9 and again al TI..IO.

Tailless Aircraft (late TL7)
The wings subassembly is normally

assumed to include a tail. However. a winged
vehicle with this option lacks this separate veni
cal rudder and tail stabili7.-Cr. The vehicle must be
givcn the conlrolled instability option (p. VE21).
In addition. it is harder to detect with radar
(-I from Size Modifier) bUI not quitc a<; lllancu
vcrabh; (-I TL whcn computing aMR). This
penally to aMR is ignored if the aircraft has vec
tored thrust or 20 vectored Ihrusl (pp. 12~13).

ARMOR
This section offers expanded

types of amlOr. GMs should carefully consider
Ihe effect before adding them. since a Slark
imbalance between offense and defense can
quickly demil any adventure balOCd around vehic
ular combat. Historically. there bave been mili
tary engagements where one or both sides either
could do each other no bann or were eXlremely
vulnerable to each other. but such situations tend
to be rapidly corrected by advances in weapons
or prolective technology. Also. bear in mind thaI
advances in vehicular armor are likely to be
eventually reflecled in personal armor as well.

~URA~l[ ~~lATlV[ ~RMDR
This is somewhat lougher ablalive armor

designed to resist minor chips. It appears at Ihe
same TI.. liS ordinary ablative annor. but has 1.5
x Ihe weight and double the cost of standard
ablative anl1or. However, it subtracts 1/10 of its
DR from cach hit before determining how much
armor is ablated. It is aUlomatically fireproof.

lurm ~RMOR
Some campaign seuings may have annor

whose proleclive values go beyond the relatively
Slraight~line projections of the standard TL
developments. The lisled TLs for these arc spec·
ulative: super armor, like other superscience.
could theoretically appear at much earlier TLs -

and does. in
many science
fiction settings.
The existence of
super arlllor is
almost always
accompanied
by super·
powerful
weapons as
well, or at
least wide
spread use
of nukes!

Ad(lpril'~

Armor (TLl4):
This type of pseu

do·senlicnt armor
can rapidly recon
tigure ils structure to

beSl resist a pllrticular single
beam type (see p. VEI23), giving 3 x DR against
it. It will reconfigure ll/ltomalically one second
after a beam alluc;k of a known type penetrmes the
annor or seriously threatens to do so (damage
more than half what's needed to penetrate DR). If
struck by diverse beam types in a single tum. it
reconfigures against the mosl powerful attack. If
struck by a previously unknown beam Iype. the
annor may be able 10 adapt to it anyway. Roll vs.
the armor's Tl..-4 to succeed each time it's slJUCk:
after it does so. Ihe beam type is considered
"known"to the armor in future.

Adaptive armor can instead be manually
reprogrammed to resist a single known beam
type. TIlis takcs one turn; turning the automalic
adaplation back on also takes one tum. Higher
TL adaplive armor is capable of optimizing
against two (TLI5) or four (TL16) different
beam lypes. Adaplive armor uses Ihe statistics
for any TL 13+ armor but has double the nor
mal cost.

Extra Oetail- Annor VO/_
Realistically, armor should also take up

volume. but in most cases thai volume is
small enough that il can be safely ignored.
To find lhe volume of armor. divide the
weight of the annor by the density of the
armor material. Some typical densilies are
50 IbsJcf for wood, ablative. non-rigid. and
reOex annor. 200 100. per cf for composile
armor, 300 Ibs. per cf for laminate annor.
and 4(X) IbsJcf for metal armor.

Of\I6N OmN\



Extradimensional
Reconflguratlon (TL 15)

This superscience option
enables a campanelli to recon
figure itself by storing unused
parts in another dimension. This
doubles the cost, but the weight
and power consumption are that
of the current configuration.
Reserve enough volume for the
largest configuration. If the COI11

JXlnent is reconfigured to lake up
a smaller volume, the difference
is treated as empty space.

Reconfigurable
Component (7£11)

The componenl can alter its
Shllpe and function, transfonn·
ing into two or more pieces of
equipment. Transformation
requires (16-TL) seconds.
Weight and volume are the
weight and volume of the
largest included system(s). cost
is the combined COSI of all the
configurations times the number
of configurations, and power
consumption is that of Ihe cur
rent configuration.

These options can be
applied to components buill into
a vehicle.

COMPONfNT OPTION~

lhe rules for armor volume, treat it as having
negligible volume.

llldestr/iclible Annor (TLi6): Not quite, but
nearly so! Possibly an advanced form of the
above, thi~ i~ an impossibly light but extremely
strong coating. perhaps only a few atoms or mol.

ecules thick. It weighs nexi 10

nothing (I milligram per square
foot), gives DR 500, and negates
armor divisors of projectile
weapon~ and monowire anacks.

Only one layer can be u:$Cd
direclly, but extra layers built up
as laminates over a foil-thin
layer of gold ur similar material
weigh 0.0000 I Ibs./sf per point
of DR at $1 00,000 times weight.

Ibs.lsj cPF
2,200-2.399 10,000
2.4()()"2,599 20,000
2,600-2,799 50,000
2,8()()"2,999 100,000
3,000-3,199 200.000
3,200·3,399 500.000

Ibs.lsf cPF
1.()()()'1,199 100
1.200-1.399 200
1,400-1,599 500
1,600-1,799 1,000
1,800-1,999 2,000
2,000·2.<J99 5.000

cPF Table
Ibs.lsj cPF
1·99 1
100-199 2
200-399 5
400·599 10
600-799 20
800-999 50

Extra Detail - Rad Shielding and Cosmic Rays
Realislically, radiation shielding is a plimarily a function of

mass, and is not affected by TL. Radiation protection is meas
ured in Protection Factor (PF). Divide radiation intensity by the
PF of any shielding between the radiation source and the victim.

Radiation shielding on spaeecrafl, however. is rHled in
tenns of cPF, its protection against highly penetrating cosmic
mys thaI arc fuund in space. 111cse ignore ordinary PF.

cPF depends on the wejght of armor per sf of .uea. Find the
weight of armor in Ibs. per sf (the weight number on the amlor
table); this may vary by vehicle location. Then look up the cPF
thai provides on the table below:

Multiply cPF by 100 to get ordinary PF against solar mdia
tion or planetary radiation belts.

Permanent habiluts or spacecraft built for long, slow
manned voyages should have annor mm,sing at lellSI 200 Ibs.
per sf (cPF 5+); 1,000 Ibs. per sf (cPF 100) or more is usually
preferred for minimal risk.

Collapsed Maller Amwr (TL 15): This
armor is extremely strong for its weight and
extremely dense; it may be the prodUCI of gravi
tational manipularion or a form of exotic matter.
It has a weight of 0.001 Ibs. per sf per poilll of
DR, and a cost of $500 times weight. If using

~(\I~N ~PllONI



Rigid Sails Table
TL Type Weight Cost Thrust Bow Abcam Quartcr Asrern Power
6 Fletlncr Rotor 0.5 $5 2.7 0.5 I I I 0.25
7 Wingsails 0 0 0.9 0.5 J I I 0
7 Turbosails 0.04 $1 1.8 0.5 I I I 0.1

Weight. COST, POlVa and Thrust are per sf of sail area. Multiply thmst
by the wind Seaulon number (p. VE30).

Bow. Abeam. Quarrer, l'Ind As/em arc multipliers to lOp speed for thOi\C
relative wind conditions; see Sails al1d Wind (p.VEI58). These modifiers
replace the nomlal modifiers on p. VE158.

PROP~llmN ~NO llfllvlUMI

Aquatic Flexlbodles (TL8)
A conventional f1exibody system moves

like a snake, and can swim like one if neces
sary. Aquatic Ilexibodiei\ add movable fins and
a tail to swim like a fish. Although they arc
optimized for water performance, they are use
less on land.

reqtlired. btlt no rowing position (see p. VE30)
is necessary.

Paddling: Paddling produces 50% of the
motive thmst that rowing does (p. VE30), since
the paddlers cannot apply full strength. It can be
done either sitting or standing on deck. No row
ing position is required: a paddle weighs 5 Ibs.
at TL6 or below. 2.5 Ibs. at TL7 or above.

Polillg: A person with a pole or staff may
either stand and shove, or hold the pole

,md walk the lenb'th of the boat; it
is equal to rowing in output. but

is only effective if
the bottom is shal
low enough for
the pole to reach.
This usually will
limit maximum
operating depth to

3 yards or less. A
pole typically weighs

10 Ibs. at TL6 or below. 5 lbs. at TL7 and above.

RI6IO 1~ll ~ROP~lIION

~~RNHlm ~~MRN ~ROP~lIION

These are alternatives to the systems
described on p. VE29 and p. VE32.

RnunIC ~ROpn5ION

This chapter offers new components and
means of propelling or lifting a vehicle,
expanding on the rules found in
Chapter 2 of GURPS Vehicles.

Paddling and Poling (TLO)
Two alternatives to rowing are paddling,

using a single- or double-ended p<lddle. and pol
ing with a long pole. An exposed crew station is

Harnessed humans (or similar
humanoid bipeds) lISC the same mles as
any other harnessed animals (p. VE29),
but a proper load-distributing bi/Jedal
Ill/mess (efficiency 0.02) is available at
TLI. $20, 3 lb,.

These replace conventional
mast-and-canvas sails with rigid
SlructUfCi\, which may be wind-driven
or powered - see Rigid Sail Subassem
blies. pp. 3-4.

Flenner rotors and turbosails both require
power. The idea of a powered i\ail may seem
absurd, but in a good wind powered sails gener
ate more thrui\t than conventional aquatic propul
sion. Turbosails lllso require additional weight
and COSI for the fans they use.

Feathered Paddlewheels (Late TL5)
These are lllore ,Idvanced puddlewheels, in

which the individual paddles rotate in addition___________________________ to the rotation of the

entirc wheel. This
angles the paddles so
their drag alwaYi\ con
tributes to thrust rather
than uselessly forcing
water up or down ai\ the
paddle enters or leaves
the water. This adds
some mechanical com
plexity, but substantially
increases thrust. See the
table on p. 8.



~oml fN61NH
Rocket engines produce thmsl by exp<mding

a gas, usually the product of a chemical reaction
or a healed reaction mass. out lhe back of the
engine. Additionallype5 include:

Cryogenic Uquid FljCl Rockcts (TL6): These
chemical rockelS bUnl fuels and oxidizers. at
least one of which is a gas at ordinary tempera
tures and must be kept cold. This complicates
fuel ha.ndling and storage in exchange for slight
ly beller fuel economy.

Cold Gas Thmsters (late TLS): These are lil
lie more than a valve and nozzle on a tank of

the X-wing is moving
faSl cnough for thc
rotors to be redundant,
they are locked in place
("stoppcd") forming
two pairs of wings, one
raked forward and one
backwards. These pro
vidc enough lin for the
X-wing aircraft to fly at
high subsonic speed
like a conventional jet
airplane.

An X-wing is
designed with lop-and
tail rotors (p. VES) or
coaxial (()lars (p. VES),
a helieoptcr drivetrain
(pp. VE33-34), and
reaction engines (two

turhofan engincs mounted in pods in most
designs) or reactionless thrusters. The vehicle
may have up to Very Good streamlining. TIle X
wing can take oIT and ny likc a helicoptcr but
can accelerate past normal rotary wing speed
limits, up to 400 mph.

Helicopter drivetrain weight (and cost) is
multiplied by 1.25. When calculating the surface
area of rotors with the X-wing option (see
p. VEl 8), multiply by 3.5 instead of 3.

When the rotor is locked, it behaves exactly
as a standard wing of the same surface area as
the rOtOr. Recalculate its performance as an
airplane. Thc rolOrs provide no thrust. so Ihc air
craft will need another propliision system (typi
cally a jet engine). Rotors can only be unlocked
while the vehicle is lnlvelling below 300 mph.
The aircraft must accelerate 10 a speed greater
than its airplane-mode stall speed in order to
safely lock ils rolors. Thc lransilion takes one
second, during which it cannot lmmeuver, accel
erate, or decelerate.

~CTIVf flOl~1I0N

nN6110PPfO ~OlO~1 (flO)

This is an aquatic lift system. Any powered
aquatic propulsion system except a flexibody can
be installed to poinl down, so its lhrusl oITsets
pan of the vehicle's weight.

Subtract the active notation thrust from the
vehicle's loaded weight to dclenninc if the vehi
cle can float. or when computing its hydrody
namic drag. Of course, a vehicle that floats only
on active notation is in lroublc if the power fails!
An active notation system can additionally be
used 10 add to loaded weight to enable a light
vehicle to submerge.

An active propulsion systcm may be built
with vectored thrust (1.5 x weight, volume, and
cost, a~ per p. VE4I). This enables it 10 increase
or decrease loaded weighl for nOllltion purposes
and to propel the vehicle in or under water.

Powered Aquatic Propulsion Table
Weighl ill lbs. IVI,ell Aquatic

Motive PolVcr is Morive
7j'pe IIl1der 5 kW 5 or more kW Cosl ThruSl
Fcathered Pad{)lewhcel 125 x kW (25 x kW) + 500 $15 10
Aquatic Flexibody 40 x kW (4 x kW) + 180 $200 25
Aquatic Flexibody 30 x kW (3 x kW) + 135 S200 35
Aquatic Flexibody 20 x kW (2 x kW) + 90 $200 35
Aquatic F1exibody 15 x kW (1.5 x kW) + 60 $200 35
AquaLicFlexibody 10xkW (lxkW)+45 $200 35

Location: Paddlewheels and flexibody drivetrains must go in the body.
Weighl: Calculate the weight based on the chosen motive power as

shown on the table.
\k1lwllc: The volume is weight/50 cf.
Cost: Multiply the COSI number by the weight of the propulsion system.
Aquatic Mol;\'t! Thrust: This is the motive thrust per kW of molive

power in water.

Convenlional helicoptcrs are limited in 101'

speed because the fasler the helicopter goes, the
more lift the forward edge of the rotor disk creates
in comparison to the rear edge. Al high spccd~,

this renders the aircraft completely unstable.
The X-wing design is designed to counter

this. It uses an ordinary helicopter design wilh a
special wide-bladed rotor, plus jet engines. In
addition to being wider and stiffer than usual,
X-wing rOlors arc perforated ,lIang each edge.
This allows air 10 be sucked into the trailing edge
and blown out the front. further increasing lift.

An X-wing's rolOrs function in nonnal heli
copter mode 10 take off venically. with the jel
engines used to augmenl forward motion. Once

TL
5
8
9

10
II
12
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cOlllpre~~ed g<l~. Performance i~ unimpres~ive,

but they are very reliable (one moving parr:) and
very safe (cool, nonflammable, chemically inell,
nontoxic, TlonradiOllclive exhaust). They are
often used where safety is critical. such as for
space suit thrusters.

Electric R(}(:kel.~ (late TL7): The::;e electrically
heat fe,;1.ction mass. There are many kinds - arc
jets, resislOjets, magnetoplasmadynamic thrusters,
and so on. TIley arc fuc1-cfficicnl, but heavy and
power-intensive, and so are usually found as small
engines for use in vehicle designs where fuel
economy is more imlXlrtantlhan high thrust.

Laser Rockels (11.8): These use an off-board
laser, typically ground-based, to heat a reaction
mass (typically an ablative plastic lining thc intc
rior of the drive) which provides thrust. They
require a large ground-based laser beamed-power
installation (p. VE87), but 110 receiver is needed.
Laser-driven spacecraft are usually fairly small,
due to the high power requirement.

Glis-Core Fi.v.violl ROl:kels (11.8): llle.C;C oper
ate at much higher temperatures th,m conventional

solid-core fission rockets. This improves perfonn
ance, but the reactor core is no longer solid, and as
a result fission fuel mixes with the exhaust. lltis
mCllllS the exhausl is lethally radioactive. It also
loses 0.005 (TL8) or 0.00125 (TL9+) Ibs. of fis
sionables per hour per lb. of thrust. so the reactor
must be refucled frequently. Fissionable fuel is
lypically $250 per pound, and takes up weightl200
cf if stored in a fuel bunker.

Nuclear Light-Bulb Fission Rockels (TL8):
These gas core rockets hold the hot plasma in a
transparent crystal capsule. Thermal radiation
passes through. hellting hydrogen propellant.
Thrust to mass ratio is inferior to an ordinary gas
core fission rocket, but the exhaust is completely
nonradioactive. The cure operates for 2 years
without needing fresh fission fuel.

Nllclear Lightfield FiSJiOI/ Rockels (TLl2):
These superscienee engincs use a force screen
filled with enough fission fuel to go incandescent
(see U/?htjield Reactor. p. 26), functioning in a
similar fashion to a nuclear light bulb. Lighl
leaving the screen he:lls a reaction mass.

Isp

380
290
460
350
520
400

180
42

1,030
1,550
3,100
1,550
1,550
7,760
1.550
2,480
3,100

188,000
12,200

$25
$25
$25
$25
$25
$25

Co.\·'

$15
$15
$25
$25
$25
$50
$25

$100
$100

$50
$50
$50

$100

o
o
o
o
o
o

o
o

40
80
80
40
40
o
o
o
o
o

6AM

PowerFuel

4.5HO
1.5KO

J.75HO
1.25KO
3.3HO
I.IKO

Weighl

0.02 x thrust
0.02 x thruSt

0.015 x thrust
0.015 x thrust
0.012 x thrusr
0.0 12 x thrust

6
6
7
7
8+
8+
5+

7
8
9+
8
9+
8+
8
9+

12
13
9+

Rocket Engine Table
TL Rocket Engine

Chemical Rocket:
with hydrogen/oxygen
with kerosene/oxygen
with hydrogen/oxygen
with kerosene/oxygen
with hydrogen/oxygen
with kerosene/oxygen

Cold Gas Thruster
with hydrogen 0.03 x thrust 341-1
with llrgon 0.007 x thrust 7.6A

Electric Rocket (60 x thrust) + 20 61-1
Electric Rocket (20 x thrust) + 20 4H
Electric Rocket (10 x thrust) + 20 2H
Laser Rocket 0.025 x thrust 2.4AP
Laser Rocket 0.02 x thrust 2.4AP
Ga<; Core Fission Rocket (0.05 x thrust) + 1.000 0.8H
Nuclear Light Bulb (2.5 x thrust) + 4,000 41-1
Nuclear Light Bulb (I x thrust) + 1,000 2.5H
Nuclear Lightfield 0.05 x thrust 2H
Nuclear Lightfield 3.5 x thrust 0.033H
Antimatter Plasma (30 x thrust) + 1,000 O.5H

\Veight depends on the desired thrust (in pounds) of the rocket.
Volllllle is weight divided by 50.
Cost is weight multiplied by the value in this column.
Power is thrust multiplied by Ihis column. Power usage marked AM is in micrograms of anti mailer

per hour mther than kilowans. A microgram of antimatter per hour is approximately equivalent to 50 kW.
Fllel is in gallons per hour per pound of thrust. Fuel types are abbreviated as follows: A is argon. 1-1

is liquid hydrogen. W is water. KO is kero.senelliquid oxygen rocket fuel. HO is liquid hydrogen·oxy
gen rocket fuel. Exception: AP is fuel consumption in Ibs. of ablative plastic.

Isp is specific impulse, in seconds - see pp. 31-32.
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Antimatter Plasma Rockets (TL9): These
antimatter rockets heal reaction mass by mixing
it with somewhat more ,mtimatter than an anti
matter thermal rocket (p. VE36). They trade
increased antimatter usage for a reduced fuel
consumption.

These cinematic altematives to the lightsail
(p. VE3I) may cxist in univcrses whose physical
laws differ from our own.

Aether Sails (TL(2+2))
What if the universe were full of air and the

circular molions of the planets and the stom were
driven by aethereal winds? If a vessel can some
how leave the surftK:e of the planc!. sails could
calch these currenIS. Since circulation is the natu
ral state of the aelher, these cosmic winds are
fairly constant, but Ihc OM may occasionally
rule the vehicle has encountered an eddy or area
of turbulence which alters thruSt for a time.

Aether sails are divergent technology sails
Ihat naturally function only beyond the lunar
sphere. since the aether circulation exists only
there. but in the air tilling the universe below the
moon they may function as ordinary aerial sails.
Aether sails must be mounted on masts and have
the same area and mast restrictions as aerial sails.
Acthcr sails lllust u.~ually be madc of sumc mrc
material (c.g.. the silk of the venomous giam
moonspiders that dwell in the crystal forests of
Luna). Thc COSt rcl1ecL<; this rarity.

lntcrstcllilr vuyages may be possible with
aether SOli/S. The OM may assume that the stars
are a lot closer. or allow a vessel with aether to
sail into mlluml wurmholes ("aether vortices") or
through the eye of an aether storm to emerge in
anothcr star system! TIle laner would he rated as
a gale (p. VE159) and rc<luire Seamanship rolls
to avoid damage.

Ether Sails (1£(5+1))
In the 19th ccntury. light was shuwn to be a

wave. like sound. but what did it travel through,
especially in the airless void of space? Physicists

speculated the universe was filled by a tenuous
form of matter, so thin thut solid planets could
pass through it unhindered. They named this sub
stance the luminiferous ("light carrying") ether.

Ether Sails arc divergent technology sails
that intemct with the ether. ste,tling momentum
and energy from light. In game terms, the sails
are functionally similar to light sails. Sail thrust
is for I AU from Sol. Distance and luminosity
may have the same effects as for conventional
light sails (p. VE31). or Ihe device may have a
fixed momentum or energy throughput in which
thrust is constant; the sail expands or contracts.
or becomes more or less opaque. to compensate
for variations in light leveL

Interstellar travel may be possible through
natura! wormholes. as per aether sails.

Tachyon Sails (TL(7+3))
What if a wind of faster-tban-light panicles

blew out from the galactic core? Perhaps there
are strange-maller hyperslars there. and these
sails can catch the tachyon wind they emit! In
conjunction with gravitational orbits around the
galactic ccnter and a system for charging the
sails to use the galactic magnetic field to make
grand turns, a tachyon sailship can travel
between the stars at high sublight spccd<;;!

Tachyon intensities may vary with distance
from the core. but the nearby stars are at essen
tially the same distance. so the effect is negligi
ble. Likc lightsails. the pcrfonnancc is direction
dependent. which is negligible on the sc:tle of
interstellar trips but limits the usefulness of the
sail as an in-systcm drivc.

As a result. a tachyon sailship may be forced
to travel in a direction other than that of its
intendcd dcstination to build up .~peed before
altering heading for its destination. Tachyon sails
have the same size limits, furl times. and
approach restrictions as lightsails. They represent
superscience tcchnolugy.

Tachyon Hypersails (TL(7+3))
What if hyperspace werc like an ocean. and

the tnchyun winds blew through it, n"her than
normal space? A hyperdrive (p. VE39) is needed
to enter hyperspace, but once there, hypcrsails
are unfurled and used ror propulsion! As long as
hypersails are in use, there is no energy cost to
remain in hyperspace. FfL speed is based on
tachyon Sililthrust: each g of sAccel gives a con
stant FTL speed of x parsecs per day FTL
(default of I pc/day). Hyperspatial storms or
currents may also exist. and further innuence
FfLspeed.
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reactionless-dri ve
lechnology. The Slan
dard GURPS version
is still limited to the
speed of light. bUl
some fictional equiv
alenlS are nol. Grav
drives can also repre
sent a slower-than
light version of warp
drives that fold space
in fronl of the vchiclc.

Real-world i.md science-fiction grav drives
thar create a warp bubble often have additional
unusual characteristics - see PJf!lldovelocilY
DriveJ, p. 12. for one possibility. Some vuria
tions of gmv drives can only operate at some dis
tance from a large gravity well.

Boosl Dl'h'eJ (TL 13): These drives instantly
boost a ship to a substantial velocity without
acceleration effects. Boosts often allow a vessel
to reach a high fmetion of the speed of light, or
the drive can be cycled 10 build up such a speed.
Boost drives are rated for pounds of boost capac
ity and speed change per drive cycle. If boost
velocity or speed is fixed. another drive may be
required for close maneuvering. Like a hyper
drive, a boost drive will only function if Ihe
spacecraft being boosted has a mass equal 10 or
less Ihan irs boost capacity. Boost drives may
suffer from other campaign-specific restrictions
at the GM's option. e.g., not functioning close to
a planet or star's gravity well.

Hyper Boo.w Dril'e (TLl3): Some versions
of boost lIrive may be capable of functioning as
hyperdrives (p. VE39) if they accelerate to light
speed. Build these as boost drives bUI with a
hypershunt capacity (p. VE39) equal to boost
capacityl2.000. There is no special power
requirement to enter or remain in hyperspace.
Transition occurs automatically as the drive
reaches light speed: likewise, it will leave hyper.
space al light speed and must decelerate down to
nonnal space. If hyperspace boost drives are the
only form of stardrivc, the GM may wish 10

reduce their tech level to TLIO.

Alternative Space Salls Table
TL Type Weight Cost Power Sail A~a
2+2 Aether Sails 0.4 $200 0.4 square feet
5+I Ether Sail Generator 100 $2.000 0.5 0.188 square miles
7+3 Tachyon Sails 12.5 SIOO,<XX) 0 0.03 sguarc miles

All statistics are per pound of thrusl at full power. For tachyon hypersails.
treat as tachyon sails but add half the weight. \'olume, and cost of a hyperdrive
(p. VE39). It requires the normal energy requirement 10 enter hyperspace. but
none to remain in it.

R[n[JI~Nlm nN~ Omn IN[n[~lOl[ OnlVH
These drives represent superscience alterna

tives to rcactionless thrusters (p. VE38) for STL
propulsion. In mJdition. the 1L9 Supcr TIlrusters
(from GURPS Space) are also included on the
table below.

Ley Drive (TL(6+3)): Trcat this wcird sci
ence drive as an MPD (see below), but il only
functions along ley lines (see GURPS Places of
My.ftery) - assuming they exist! The drive mUSl
be no more than 100 miles above or 100 yards
horizontally from a ley line. If it strays from a ley
line, it will fall! It draws power from the ley line
and so has no power requirement.

Magnetic Planetary Drive (TL(7+5»: A
weird-science version of magnetic levitation
(p. VE38), this drive simulates the way some
UFOs are said to maneuver. An MPD produces
apparently reaclionless thruSt by surfing on the
planetary magnetic field (or in some variations,
gnl\'italional field). It can be seen as a cinematic
version of a magsail (see Vehicles Expatlsioll J).
An operating MPD may cause odd electrical or
magnetic effects beneath it: headlights blink out,
instruments (particularly magnetic compasses)
react wildly, and so 011. The effect is unpre
dictable: it happens whenever the OM wants it 10

and does whatever he likes. An MPD is +4 to be
detected by a MAD sensor. It performs as a vec
tored lhnlst drive (p. VE4I) at no extra weighl,
volume, or cost. It can fly as long as it is within a
planetary magnetosphere, but cannot operate in
deep space. Some planets (e.g.• Venus and Mars)
and many moons Jack magnetospheres or have
very weak ones. and hence MPDs (unless gravi
ty-based) would not function there.

Gmll Dri\'ts (11.12): These advanced reac
tionless drives generate a self-propagaling bub
ble of space-time with arbilrary local gravity.
Since the bubble occupanrs don't feci accelera
lion. grav drive ships can safely pull hundreds of
gravities. Grav drives are logical precursors to. or
spin-offs from. contragravity or warp drive, and
may represent a merger of cOnlragravity and
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COS!

$500
$125
$500
$100
$20

$500
$500
$50

.WHY PlfUOOVROCllY UR!VESt ~~fZi
In game tenns, Ihe advantage efbTI\'1I;;r'"

boost, grav, or rcactionles$ drives 'U$':'~.

pseudovelocity mechanics is 10 pennit ves-
$els to [ravel at considerable sublight (or
even tnmslight) velocities without worrying
about collisions with interstellar particles or
the campaign·unbalancing threat of launch
ing missiles or ramming at ne<lr~lighl speeds.

~mOHATIC lifT ~YmMS

with a pseudovelocilY
grav drive, its collision
speed would be based on
its 360-mph "real" veloci
ty ralher than ils 100,000
mph "pseudovelocity."

A vessel should
decelerate to zero
pseudovelocity before
turning off the drive. If
this isn't done, or if the
drive was disabled, or the
field failed due to an
encounter with a sizable
object, roll vs. the ship's
HT':~. Critical failure
destroys the drive; failure
disables it (or destroys it if
it was already disabled);
success means it is dam-
aged (halve sAccel or. if
boost drive, speed change,
unlil repaired); cntical

success means it is unharmed. In any event.
pseudovelocity drops to zero. Objects can only
leave a vessel using pseudovdocity drive if they
are also using pseudovelociry drive and delibcr~

atcly synchronize their drive fields (which
requires IxJth to coopc.rdlc).

~O IHRUlT VmORIN~ (Iln

These systems expand on the lift systems
described on pp. VE40-4I.

20 vectored thmSI (as used on aircraft like
the F-22 Raptor and F-35 JSF) enables the
engine nozzles to swivel up or down. improving
maneuvenlbility and lowering stall speed and
take off run length for airplanes, but without

rlmOOVflOmy ORIVtl

Reactionless and Other Incredible Drives Table
TL Type Weigh! PoI",'C/"

(6+3) Ley Drive (0.04 x thrust) none
9 Super Reaelionle.<;s Thruster (0.4 x thrust) 0.5

(7+5) M<lgnetic Pl<lnetary Drive (0.04 x thrust) 0.1
12 Grav Drive (0.001 x thrust) +20 0.001

13+ Grav Drive (0.0005 x thrust) + 10 O.ooJ
13 Boost Drive (0.01 x boosl capacity) 180
14 Boost Drive (0.005 x boost capacity) 180
15 Boost Drive (0.005 X boost eapacity) 180

Weigh! is per lb. of thrust, with the exception of l)(X)st drives, whcre it
is per pound of boosl capacity.

Voillme is weight/50 cf.
Power is pel lb. of thrust, with the exception of boost drives. For

boosl drive... lhe entry is an energy requirement, in kWs per pound of
boost capacity: multiply by the. percentage of light speed that the drive can
add or subtraci from its current velocity in a single drive cycle. As with
hyperdrives (p. VfJ9). the energy n.:quircment is nonnally provided by;m
energy bank.

Cost is per pound of drive weight

A gray drive, boost drive. or rC<l.ctionlcss
drive may be described as using a pscudovelocity
drive, which produces motion without accltmulut
ing momentum or kinelic energy. Apseurlo\'cloci
ty drive does not produce llccc1emlion ef'fC;C1$ on
the ship or anything inside it, and may be unaf
fected by relativity (GM's option). It" so, it may be
capable of aceetemting beyond the speed of light;
reaching light speed tllkes 8.300 hours divided by
sAcccl in G. If a pseudovelocity drive is turned
off. fails, or is disabled. a ship using it instantly
loses <111 speed gained as <I result of accelemlion
while under pseudovelocity. The drive may also
be damaged as a result - see below.

If II vessel propelled by <I pseudovelocity
drive contacts another object, the effecls depend
on how large the object is relative to the ship. If
the ship has a Size Modifier at lellst 6 gre<ller
than the object encountered. its drive field will
sweep the object up and carry it along with it.
(The GM may calculftle changcs in the vessel's
sAccel and other statistics due to the increased
mass or volume camed.) Otherwise, the object
was large cnough to disruptlhe ship's drive field:
the field fails (see below), and the ship drops out
of pseudovelocity and collides with the object (or
is snared in its dl;ve field, if the object was itself
a much larger pseudovelocity ship).

In a collision. do nOt COUnl speed reached
while under pseudovelocily drive. For example,
if a ship had reached a velocity of 360 mph using
an ion drive before accelerating to 100,000 mph
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twO charged surfaces.
The effectiveness of
a chemical substance
depends on its purity, but
purer material is also
much more expensive;
similarly, the power con
sumption of a mechani
cal screen (supplied by
clockwork or steam) or
an electromagnetic field
(supplied by batteries)
increases sharply with
effectiveness.

The standard ver
sion is a weird science
product of divergent
technology, <lIld become:,;
available at TL(5+ I).
Superscience versions

may also exist at TLl2 anu higher. The laller
devices may use rapidly circulating hyperdense
masses or electrons circulating in a supercon
dueting loop.

Divergent Technology - Lining Gas
The puny lift of hydrogen will never do for the aerial fortress of

the fiendish Dr. Abdul Khan! These divergentlcchnology options can
replace ordinary lighter-than-air gas in a gas bag (p. VE40).

Vacl/uIII Ballooll.~ (TL(4+4): A balloon filled with vacuum
would lift slightly beller than hydrogen (13.6 cf per lb. of lift). This
is treated as lifting gas (p. VE40) except that it must go in a sealed
body or pod, not in a gasbag subassembly. A container full of vat:u
urn has to be fairly strong or it will be crushed by the air pressure.
Under I bar pressure this requires OR 12 (x4 if extra light frame, x2
if light, xO.5 if heavy, xO.25 if extra heavy). A serious drawback Lo
a vacuum balloon is the risk of implosion. If any hit penetrates the
DR of the body or subassembly containing the balloon. it implodes
and is destroyed.

AllIigravity Gases (TL(5+1»: These weird-science gases provide
lift beyond !.hal possible for buoyancy alone. The least farfetched pro
vide the same lift as vacuum, but most arc better than that; 10 time..<;
the lift of hydrogen (1,48 cfllb.) is typical. Cost and origin are up to
the GM, but most are ei!.her cheap (so our heroes can afford them) or
easily made (so they can be whipped up from the materials available
in Darkest Africa). Destructive distillation of some natural antigravity
material is a logical source, but exposure to radioactivity and the
action of acid on "unobrainium" metal arc also popular. And if the
fiendish doctor's nying fortress is lifted by gases exhaled by small
children who have had a lethal dose of radium blown into their lungs,
it's unlikely thai panicular bit of world-altering technology will be
widely distributed.

Extra Detail - Vectored Thrust with CoupledLift Fan
A turbofan. hyperfan, or super turbofan jet engine may be

designed with an engine-coupled lifl fan. The fan augmenlS vectored
thrust for takeoff and landings. but Flot for maneuvers while in night.
An example of an aircraft using this mechanism is the F-35 Join!
Strike Fighter.

To design an engine-coupled lift fan, give the aircraft a jet
engine with 20 vectored thrust. and then install a lift fan (p. VE40)
and MMR rOlor drivetrain (p. VE34), barh raled for Oct engine
thrust)I7.5 kW each. The combination increases the thrust of the
engine by 40% for vertical takeoff and landing only. The advanlage
is that the exhaust temperature is signit1cantly cooler than a single
turbofan with full thrust directed downwards. and will nOI melt
asphalt or require specially prepared flight decks. While an after
burner can be mounted in the jet engine, this does nOl boost the
power of the lift fan, and will cause an immediate lo~s of control and
a crash ifooth are used simultaneously.

~RRVITY \mfN

actually permitting true vertical takeoff, landing,
or hovering. It is a cheaper and lighter alternative
to full vectored thrust.

An aircrafl may usc 20 vectored thrust to
perform some of the abilities described under
Vehicles willi Vectored
TllrJlsl or No Slall Speed
(sec p. VE I 56). It may
increase or decrease alti
tude and can tmde acceler
ation to reduce sl<lll specd,
Each 2 mph/s of accelera
tion not used in a turn
allows the vehicle to
reduce stall speed by 5%.
to a maximum of -50% to
stall speed. Giving a reac
tion engine 20 vectored
thrust multiplies its cost
and weight by 1.2. This is
nOI compatible with vecM

tared thrust.

A gravity screen is a
chemical substance or a
mechanical or elcctromag.
nelic process that insulates
against gravity. Placed
between two masses, it
lessens their gravitational
effect on each olher, by
analogy to the wayan
electrical insulator lessens
electrical force between
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each other. a negative mass repels and is
repelled by <lilY normal objecl. (Presumably.
such objecls attrael each other, or they would
break apan into microscopic fragments over
time.) Objecls with negativc mass arc unlikely
to occur natumlly on any planet, or even in the
solar system: their natural tendency is to drift
into interstellar space, although they might also
exist in Olher dimensions.

Assume thai I cubic foot of solid mailer with
negative ma....... whether a rare natural deposit or
newly synthesized by advanced lechnology.
weighs -100 Ibs. It provides 100 Ibs. of lift force
for any vehicle thai contains it. and costs S40.(xx).
GMs C"dIl assume any density they Like for nega
tive-mass malter. but the COSt per pound should
remain roughly the same. A negative mass can be
surrounded by a gravily SCfCCn. if both sorts of
material are possible in a particular universe. The
gravity screen reduces the lift from the negative
mass. For cxample, a -I .CXXl-lb. mR.'>S surrounded
by a 50% screen weighs -500 Ibs.

\~PfRlmNCf AlHRNRlIVH TO
CONTRR6RRVITY lifT

Psionic Levi/a/ion (TL9): A vehicle with the
Robotic struClUre option and a psionic compuler
(p. P62) may be able to psionically levitate. The
standard rules require a fairly light vehicle, since
the maximum power allowed (25) Iifls only
5.250 lbs. A kinetic bubble (TLlO, p. P68)
increases that by a factor of 10. but at 0.01 lb.
and $750 per cf is very expensive.

Magnetic Planetary lifter (TL(7+4»: This is
identical 10 a Magnetic Planetary Drive (p. II)
but only provides static lift. nOI lhmsl. A different
drive is needed for propulsion.

Repulsion Lift (TL 12): This is a hover sys
tem cxtrapolalcd from tractor/prcsser beam lech
nology. Slandard repulsion lift craft noot I yard
off the ground; for other heights multiply weight
and power consumption by the ceiling in yards.
While they have no effect on perfonnalll.:c. repul
sion lift unilS may, optionally, exen a ground
pressure of flift/(vehicle surface area/IO)I. This
displaces water 10 a deplh of I ineh per 5 lb.lsf.
leaving a wake, and can damage things the repul
sion lift craft overruns.

Weight. cost, and power are per pound of lift.

Power per sf
0.11 kW
0.20kW
0.43 kW
0.67 kW
IkW
1.5 kW
2.3kW
4kW
9kW

19kW
99kW

999kW

Gravity Screen Table
WeiR/II Reductio" Cost per sf

10% $11.20
20% $25
30% $42.80
40% $66.60
50% $100
609& $150
70% $233.40
80% S400
90% S900
95% SI.900
99% $9.900

99.9% $99.900

An object with reduced weight ahm has
lower escape velocity. equal (on Eanh) to 25,200
mph multiplied by the square root of (I-weight
reduction frdclion). For example. 99% weight
reduction (weight reduction fraction of 0.99)
lowers escape velocity to 2,520 mph.

Gravitic Balloons
One of the most effective uses arthis gravity

screen technology applies it (0 a relatively small
mass. If the outer wall of a gasbag is coated with
a gravity screen - such as a paint made from
some exotic chemical or a metal foil [0 carry
some c]cclromllgnctic innucncc - the weight of
lhe air it contains is decreased. making it lighter
than air!

The resulting acroslatic lin can be calculated
as follows:

Volume =13.6/(Welght Reduction Fraction)

This is an exotic "weird science" nalural
or synthetic malerial that has negative mass
- where objects wilh positive mass attract

Volume in lhis calculation is the cubic feet of
air needed to lift I lb. at sea level. For example, a
99% gravity screen gives a weight reduction
fraclion of 0.99: a volume of 13.7 cr of air
(13.610.99) lifts lib.. producing greater lift than
hydrogen. Cost for such a balloon is the cost of
the gravity screcn based on lhe surface area of
the gasbag plus 50% of the per-flighl cost of hot
air. Since the "Iifling gas" is ordinary air, gravilic
balloons have smaller crew requirements:
I crewman per 1.000.000 cf of air volume.

Any solid structures within the gravity
screen have reduced weight. and thus arc easier
10 lift! However. use the unmodified weight to
calculate acceleralion, which is based on inenia
rather than gravity. ------:--------:------

Alternate Contragravity Table
TL 7)1Je Weigh' Cost Power

(7+4) MPL (0.026 x lhrusl) 0.1 $500
12 RL (Uftl2.000)+20 (lifill.000)t40 0.025 kW

Nt6RTlVf MAll (H(5+]))

PR~~UllION RN~ lifT IVlTEMI



Location: Mechanical semaphores, light or
shape telegraphs require a mast, which cannot be
used for sailing at (he sanlC time a<; when signaling.

characters per minute. Range is limited by line of
sight, and also depends on the light source; sun
light gives a maximum range of 30 miles and
moonlight is 5 miles. If artificial sources are
attached to the heliograph, range will vary
depending on the light's intensity. Larger mirrors
have better ranges, but may be slower - at one
extreme, a square-mile lightsail in Earth orbit
should be visible at 10 AU, and might send a tew
chamcters per hour.

Shape 'lClegraph (TL5): The standard Redl's
Cone Telegraph consists of a mast with l"our fabric
cones which can be opened like lImbrclllls. The 16
open and closed combinations are used to send
coded signals. VarianL<; may use differenl shapes
or combinations. although :>ymmetrical shapes are
preferred, to ensure legibility when viewed from
any direction. Signal rate is slow: 6 code groups
per minute. Naked-eye visibility is 3 miles.

Light Telegraph (TL5): This is a shape tele
graph with colored lamps replacing the shapes.
Early systems changed signals by running up
new lamps (0.5 characters per minute), but shut
ters (1.5 characters per minute) or electrical
switches (60 characters per minute) are much
faster. Naked eye mnge is 3 miles for typical sys
tems - beyond that the lamps are tOO close to
rclillbly makc out signals.

Sigl/al !.LImp (TL5): This lamp (limelight or
electrical) is lined with a shutter allowing il to be
used for Morse code. Effectivc range is 15 miles
(or line of sight). and (4 x Telegr.lphy skill) char
acters can be sent per minute. Searchlights can
be fined with shutters for $50, and used as signal
lamps at 20 x their range.

This chilpter describes other equipment that
can be installed in a vehicle. It expands upon the
componenls detailed in Chaptcrs 4 through 8 of
GURPS Vehicles, particularly sensors, power
plants. and force fields.

INHRUMfNH RNO [nCTRONICS
A wide variety of gadgets can be installed in

a vehicle for communication, navigation, and
other purposes. Equipment in this section can be
installed in the body, superstructures, pods, tur

rets, arms, wings,
open mounts. legs,

or masls, unless oth-
erwise noted.

rR[-RnOIO ~OMMUNICnTlONI
These options are also available for pre

radio communications (p. VE47):
Medwllical SemaphQre (laiC TL4): A pair of

movable pointers mounted on a mast can be used
to send any hand semaphore alphabet. Naked eye
visibility is a mile. Transmission rate is opera
tor's (Telegr<lphy skill -4) symbols/minute.
Systems using single poinlers, rotating colored
disks, shutler arrangements, or more than two
amlS perfonn similarly, but don't usc hand scm·
aphore codes.

Heliograph (TL5): A heliograph consisls of
a mirror aml a sighting device. Slight move·
ments of the mirror send a pulse code by moving
a ret1ected beam on or off the target, Only the
target can read the signal properly, and messages
can only be sent from a stablc platform, 110t a
ship or a moving vehicle, unless the heliograph
is equipped with TL7+ Full Stabilization
(p. VB45). Signal rate is (4 x Telegraphy skill)

Early Communications Table
TL Type Weight
4 Mechanical Semaphore 200
5 Heliograph 15
5 Shape Telegraph 200
5 Light Telegraph 140
5 Signlll Lamp, limelight 175
5 Signal Lamp, electric 30

COSt
$500
$250
$500
$800
$300
$100

Power
o
o
o

neg.
o

neg.

~IHfR C~MP~N(NIl



Megaf)/iollc (TL2): These focus sound in a
particular direction, doubling its mnge along that
line. They are somelimes fixed to ship's rails or
used in security vehicles.

Whistle or NJs'wm (TL.5): Any vehicle with
a steam or combustion power plant may install a
powered whistle or hom. It can be audible at 10
miles over nonnal backgrounds and can send a
pulse code at (Telegraphy skill) characters per
minute. At TL7+ any vehicle wilh a power plant
can be equipped wilh an elcclrical veOlion with
equal performance.

Voiccwbes (TL5); This system of speaking
lUbes is used to carry sound between key areas of
a large vehicle. Any vehicle with mech.mical
conuols may have lhem for free; olherwise lhey
cost $20 per stalion so equipped.

ItlIetT.vm (TL6): TIle electrical equivalent of
voice rubes. using telephone gear mTL6. and later
anything from coaxial cable to microwave guides
to liber optics. Intercoms arc free to vchiclc.'\ with
eleClrOnic or compUler comrols; otherwise. they
cost $50 per stmion. For an extra $1,000, lhe ncc
c.<;sary switches can be inslallcd to allow several
point-to-point conversations at once. and to selec
tively route general announcements.

Speaker (TL7): An elcclfOnic sound genera
tor usable as a public address system, 10 play
music, or just function as a whistle or horn.
though it isn't as loud liS a dedicated device.
Double COSI if the speaker can also generate
infrasonic or ultraSOnic sounds.

Sound Communications Table
TL 1)'lX Weight Volume Cost Pol\'u
2 Megaphone 5 0.1 550 0
5 Whistle or Foghorn 30 0.6 Sioo neg.
7 Electric Hom 2 0.4 $50 neg.
7 Speaker 2 0.4 $450 neg.

Halve speaker weighl, volume, and cost at
TL8. and again at TL9+.

~mR tOMPONfNTl

Two additional options are available for
radar and ladar systems (PI'. VE51-52):

MlIlti/l/ode Radar (latc TL7): This option
allows the radar to switch between scilrch rudilr
mode, low-res imaging, and high-res imaging.
Switching modes can be pelformed at the start of
any tum. In low-res imaging mode. mdar mnge
is halved (equivalent to -2 to scan). In high-res
mode, radar range is 1/50 nonnal (.10 to scan).

Low Probability Intercept (LPI. laIc TL7):
This allows the radar to send out pulses al fre
quencies and intClVals that are especially hard 10

detec!. 1llc mdar can be switched to LPI mode (or
back) at the sian of any lurn. LPJ mode halves
range (equivalent 10 ·2 Scan) but any radar or
rndarllascr dclet.1ors dclet.1 an operating LPJ·modc
radar at 9flly 1.5 limes lhe radar's (halved) range.
In addition. when in LPI mode, an advanced radar
or radar/laser detectors cannol determine the
rJrlar's be<uing or perform tnmsmission profiling
unless lhey are of higlJerTL lhan me LPI radar.

Radar Table
Options WeighT Volllme Cost Power
Multimode Radar xl.5 x 1.5 x5 xl
Low Prob.ll1tcrcept xl xl ><2* xl

* xl with TL8+ multi mode radar and AESA.

~ClfNTlfIC HNlORI
These sensors are primarily used by probes

and survey craft. Operation is lypically automat
ed, although complex surveys may require
Electronics Operalion (Sensors) rolls. Rolls
against a science skill (or occasionally another
skill such as Prospectin£ or NBC Warfare) Illay
also be necessary 10 interpret the dala. Unless
otherwise noted. a sample must be in contact
with the sensor (robot anns are useful for (rans·
(erring solid samples to a sensor) and m le:ISI 10
minutes will be required for a sensor reading.



Weight. volume, and cost halve one TL after the device last
appears on the table, and halve again a TL laler. Laser chcmSUinner is
per 1.000 yards runge.

used to idcntify chemical weapons or pollution
levels in the atmosphere. Unlike lllost seientilic
sensors. it fUllctions lit range and can provide
immediate results. A standard model has a base
range of 1.000 yards.

Geology Sf/TI'ey Array (TL7): A sct of
instruments for detcnnining the composition and
nature of soil. dust. or ore samples. Detailed
analysis. e.g.. the commercial potential of an ore
deposit or the likely fenility of a soil. requift's
contact with the sample. The array can also
determine a sample's age (by isotope dating)
and weathering.

Magnetometer (TL7): This precisely meas
ures local magnctie ficlds. It L'an be uS<..'t! to ml.lp
a world's magnetosphere. to measure the paleo
magnetic field locked in rocks, and to SClVe as a
shon-range (I yard) metal detector. Usc as any
thing other Ihan a compass or melal detector
requires a Geology roll to interpret the results.

Seismology Package (TL7): An instrumcnt
that detects and measures ground vibrations
from eanhquakes. nuclear detonations, nearby
conventional explosions. etc. By mcasuring how
vibrations travel through the ground after an
explosion or eanh tremor. a seismology package
can probe the local geology within a few miles
of the epicentcr. This allows the sensor operator
to discover data such as the location of subter
ranean fault lines. caves, and mine shafts on a
successful Geology skill roll.

Major earthquakes or nuclear explosions
can· be studied to obtain dala on the interior
structure of an entire planet. A seismology
package's seismometer must be stationary and
in good contact with the ground in order 10 per
fonn its functions.

Scientific Sensors Table
TL Type
5 Meteorology InSlrumenL..:;
7+ Mctcorology Instruments
6 Basic Radiation Sensor
7 Advanced Radiation Sensor
6 Chemical Probe
7 Chemical Sensor Array
8 Chemical Sensor Array
8 Laser Chemscanner
7 Geology Array
7 Magnetometer
7 Seismology Package
7 Life Detection Package

Volumit Power
0.02
neg.
l1eg.
0.05
neg.
0.02
neg.
neg.

I
neg.
neg.
0.05

Cm·/
$500

$20.0u0
$100

$50.000
$100

$20.000
$8.000
$2.000

$750.000
$5.000

S20.0u0
$50.000

2
0.1

0.04
2

0.02
0.2
0.02
0.08

5
0.1
I
I

\Veighl
40
5
2

100
I

10
I
4

250
5

50
35

Meteorology Swt;on (TL5): A wcather St,l
tion able to mcasure temperature. air pressure,
wind speed and direction, water vapor levels. and
other conditions. Use Meteorology skill to ami·
Iyze data.

Basic Radiatiol/ Sensor (TL6): This detects
radiation intensity in millirads at the location of
the sensor. No skill is required to use the sensor
or to interpret its data. and it provides immedi·
ate resullS.

Adl'wlcefl Radiation Sensor (11.7): A more
sophisticated radiation sensor. it measures radia
tion and electrical and magnetic fields. It can
detennine the bearing and approximllte mnge of
a source and. with a successful Physics skill roll.
can give some idea of the source's nature; e.g.,
the identity of the radioactive clements that are
decaying, the size and strength of a field source.
or the energy contem of a solar flare or plmmm.
Treat it as a radscanner with SClIn 15 for purpose
of detecting plasma discharges from fusion rock
ets. plasma guns. etc.

Cllellliwl Probe (TL6): An instrument
designed to detect and quantify a specific chern·
ical or related group of chemicals; the type must
be specified when the sensor is designed. This
could be an explosives sensor. smoke detector.
nerve gas warning system. water vapor detector.
engine pollution emissions monitor. etc. At
TL6, interpretation requires a Chemistry or (in
some situations) BC Warfare skill roll. At TL7
and higher. the systems are digital and basic
warnings ("nerve gas present!") will not require
skill rolls.

Cllt~mical Sel/sor Array (TL7): This is ablc
to distinguish a wide rangc of vOlalile chemicals.
Various uses include atmosphere testing. water
testing, detection of drugs or
explosives, sorting of plants
(by smell). or providing a
robot with taste and smell,
giving it the equivllient of the
Discriminlltory Taste and
Discriminatory Smell advan
tages. At TL8 and up, sensor
on-ll-chip deviecs reduce the
system's weight dramatically.

La.fer Chemscanner
(TL8): Chemicals absorb
laser energy at specific known
wavelengths. This device can
detect chemical compounds in
the air as well as swface con
taminants. such as a slick of
chemicals COOling an object or
the ground. It is most often



Life DeTecTion Package (TL 7): A set of
experiments designed 10 deleel microbial life,
usually used by planetaJy probes. It usually does
not work if the life fonns or the planetary soil,
atmosphere, or hydrology are very different than
the package designers expecled; at best, such
unexpected condiLions require a Xenobiology
roll to interpret.

I-RAY IMA61N6 @)
A T-ray Imager is 8 tcrahcrtz (0.3 mm) spec

troscopic rudur. T-mys can im<lge objects (living
or unliving) behind a few millimeters of metal or
several inches of nonconductive matelial, and on
a successful "identification" result cun detennine
chemical compositions, identifying the main
compounds in objects as small as a cubic inch.
TIley can sean life fonns like any other objecl,
and identify large ones by shape and anatomy.
Treat a T-ray imager as a chemscunner (I'. VE54)
but Clvailuble one TL enrlier, with 100 times the
weight and cost, and with the limitations
described above.

[xm ~fN\DR\
Orl(otle Scope (TL(6+2»: This is a weird

science device. It operates in a manner similar to
radar, but sends out waves of "orgone radiation,"

. a fonn of fictional radiation that is reflected by
the life force of living things. Nonliving items
(and some alien races) do not register, while
something as large as .1 whClle produces a blip
like the radar return of a small ship. An orgone
scope can see through solid rock, though it may
be blocked by the horizon on a life-bearing
world (by the plants on the surface and bio
organisms in the soil, rather than by the ground
itsell). An orgone scope has the same rClnge,
Scan, weight, cost, volume, and power consump
tion as a radar of the same TL - see Radar,
PI'. VE51-52. Orgone scopes may also hClve any
radar options other than Ladar and AESA.

Ultrascanller (TUO): A superscience sensor
that is able to scan the interior of an object and
produce a 3D model of it. It is sometimes known
as a xadar, deep radar, or imaging gravscanner.
The targel I1lllst be visible or be detected first by
another sensor. Producing a blueprint-quality
model requires the complete attention of the
operator for I second per 30 cf of volume
scanned and <In additional Sensor Operation roll;
otherwise resolution is equivalent to multiscan
ners, but ignoring any penalties tor sealed con
tainers or cover. Usc the rules for rnuhiscanners
in chemscanner mode, except each foot of solid

matcrial scanned through counts as 11 mile of
range, and force screens block rhe beam entirely.

FTL Effect SellsorJ: A variety of sensors
related to FTL drives muy exist; their fUrll.:tion
ality depends on the exuct nature of stardrive
used in the campaign. In general, design them
as a PESA but read the range in lighH;econds
or AUs rather than miles. Some suggested
types are described on p. S30 (point detectors,
FTL scan detectors. hyperspace emergence
detcctors and hyperdrive wake dcteetors) and
others are possible.

Other Sensors Table
TL Type Weight Voillme Cos, Power
10 Ullrascanner 20 0.4 $25.000 loa

" Ultrascanncr 5 0.1 $10.000 25
12+ Ullrascanner I 0.02 $2,000 5

MI5cmnmU5 [OUlPMfNI
These are various items that can be installed

in a vehicle. They all count as "miscellaneous
equipment" for purposes of hillocation rolls.

IDWfO ~I6N\
Aircraft sometimes tow large fabric or plastic

advertising signs. A typical sign (legible at a cou
ple of miles) is 20 Ibs.. COStS $20, and adds 20 to
Aerodynamic Drag per leller. An aircraft needs a
hardpoint 'that can support the weight, should
recalculate perroffilance with the added drag, and
sutTers n-2 to aSR while towing the sign.

[XlfANAlIMPAC! n~\DA~fA\ (Ill)
These externally mounted shock absorbers,

airbags, or crush<lble frame sections reduce the
severity of impacts to the vehicle (rather than
just 10 its occupants). They must be installed on
a specific face of the vehicle, and lower the
effective velocity of collisions against that side.
Among their uses is cushioning the impaci of
hard-landing space probes or drop capsules on
worlds that lack much in the way of atmosphere.

Select a weight; volume is negligible (often
part of Ihe fralTlc) and cost is $50 per pound if
the system is single-use, $100 per pound if
reusable. Performance is calculated after the
vehicle's loaded weight (Lwt.) is determined.
The speed of any collision is reduced by 100
mph x square root of (absorber masslLwt.) for
reusable impact absorbers, 400 mph x the square
rool of (absorber masslLwL) if the absorber is a
single-use system.

DTHR [OMPOREN15
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* per pound of raw material processed per hour,
# per gal1onlhour it can supply
! per microgram per hour.
Weight. cost, and volume of metal-oxide reduction plant, fissionablcs proces

sor, and antirnauer converter are halved one TL after they first appear, and halved
again a TL later.

Power/Fuel
0.5 Al
0.3AI
0.2AJ
25'
25*
o

0.0001#

Cosr
$10
$20
$50

$5,000*
$8.000*

$7.5!
$0.1#

Voilime
2
2
2

3D'
3D'

0.005!
0.0000004#

Weighl
50
30
20

1,500·
1,500*
O.25f

0.00002#

Alcohol Still (TL3): A fennentation vD.{ and distillation
column that is able 10 produce fuel alcohol (p. VE90).
Fermentation takes a week and consumes 25 Ibs. of grain or
100 lbs. of fruil per gallon of fuel produced. Statistics are per
gallon produced per week. Power consumption is in gallons
uf alcohol for Ihe distillation process. but solid fuels are
often used inSlead. I cf of coal is equivalent to 8 gallons of
alcohol for (his purpose.

MitralOxidt1 ReductiUIl Plul/{ (TL7): This device con
verts sand, lunar dust, crushed asteroid, or other rocky male
rial into Metal/LOX fuel (p. VE90). The process varies from
complicated chemical cycles to simple brule-force electroly
sis of molten rock. Decide on the weight of raw mmenal
processed per hour; each pound produces 0.075 gallons of
Metal/LOX fueL

Fissionables Proce,\'.I'or (TLS): This device concentrates
fissionable ores, usually by chemical reaction and electroly
sis. Decide Oil the weight uf on: jJllJl;t:SSt:U pcr hour; a high
grade orc might produce 1-2% weight of fissionables, At
double weight, volume, and cost, the processor can produce
fuel pellets suitable for reloading fuel rods, nuclear pulse
drives, or gas core fission rockets. although actually loading
either under field conditions presents a major radiation haz
ard. Assume each kW-year requires about 0.05 lbs, of
refined lissionables.

A1I1imauer COl/verIer (TL 14): This uses exotic tota! con
version technology (the same process as antimauer genera
tion under time reversal) to eonvel1 mailer into an equal mass
of antimatter. It is rated for micrograms produced per hour.

Fllel Telegme (TLJ6): A teleport system linking the
vehicle to a fuer source elsewhere - such as a huge fixed fuel
tank, the atmosphere of a gas giant. or another dimension
filled with hydrogen, This is particularly valuable for space
craft, allowing reaction drives to avoid issues like ma'iS ratio
and tank weight and obtain 11 degree of perfonnance nonnlll
ly restricted to reactionless propulsion systems. Range
depends on telepol1 technology: it could be local. interstellar,
or even extra-dimensional.

Fuel Accessory Table
TL Type
5- Still
6 Still
7+ Still
7 Metal Oxide Reduction Plant
8 Fissionables Processor

14 Antimatter Converter
16 Fuel Telegate



These 1IIh.:nllltc rules proville nexibility for
the creation of superscience force screens of all
types and sizes. Some ultra-tech cullUres may
even replace "material" teehllology with fields
of force.

Decide if the vehicle will mounl a force field
grid or a force field generator. A force lield grill
is designed as II surface feature. after the vehi
cle's surface area is known. A field generator is
an item of miscellaneous equipment inslalled in
the vchiclc's Ixx:ly or any stmctuml subassembly.
AI the GM's option. a particular campaign sel
ting might have only force field grids or only
force field generalors. rather than allowing both
to exist.

fiRIO
1bc screen is II grid built into the vehicle's

surface. Use Ihe weight. COSt and power values
on p. VE93. 1llc screen will nonnally be a foon
filling: design thai follows the vehicle's shape.

fi[N[RA1~R
The screen is a generalor internal to the

,vehicle. TIle default screen it produces is nonnill
Iy II bubble Ihal surrounds the vehicle, but Olher
types of screen are possible. This Iype is much
more versatile, although it ha<> Ihe disadvantage
thllt it occupies volume inside the vehicle. mther
than be.ing built into a surface grid. The screen
uses the rules for force field grids (p. VE93 and
above). with these exceptions:

To design a screen generator. select a Force
Screen Rating (FSR) which directly determines
the longest dimension of lhe screen (in Y<lrds)
and, by formula, setS ils DR (which varies by
TL). At TL II. force screens have a minimum
FSR of 100; al TLl2. minimum FSR is 10; at TL
and above, minimum FSR is I. The minimum
does not apply to screens given the Deflector
oplion. The longest dimcnsion of the scrccn can
not exceed FSR yards. Screens may protect less
area. if desired. but do not gain any benefit from
doing so. Lmger m'C<.ls may be protected by mul
tiple screens. A force screen cannot be projected
through another force screen. but it may be pro
jected aroulld another screen.

Weight, Voillme. (lnd Cost: Thc base weight
of a screen generator is (FSR squared) if FSR is
less Ihan 10: olherwise it is (FSR cubed)/I0.
Volume is wcightl20 cr. cast is $500 per pounll

of screen weight. Power is 5 kW per pound of
screen weight.

Screell DR: A screen's DR is FSR x T, where
Tis50<ltTLlI.75atTLl2.IOOatTLl3.ISOat
TLl4. 200 at TLl5. or 250 at TLI6.

A screen with no options functions exaclly
as described on p. VE93. However. any of the
Geometry Options (generator only. below).
Defense Options (below). Ovcrload Options
(p. 21). or Other Options (pp. 22-23) may be
added to the screen, modifying its final weight.
COSL and power. as well a.'lthe way it functions.

In many settings. some or :111 of Ihese
options will not exist: in others. some of them
mighl be required by Ihe nalUrc of force field
physics in a p<lrticul,lr seuing. For example. the
GM could decide Ihat the orlly possible force
field syslems in the campaign world are force
field genenttors with Ihe energy·absorbing and
explosive options.

Geometry Options
These options alter the shape of the force

screen. They are mutually incompatible.
Fltlf (Generator Only); Projccts a nat wall.

up to FSR yanls across. The wall can be projcct
ed up to FSR yards from the generator. Halve
weight. cost. and power requirement.

IIIJemal (Generator Only); TIle screen fomls
in a space between sep'lr.ltcd generator nodes:
the generators are outside of the field. This is
often used for doorways. Halve the weight, cost,
and power requirement.

Defense Options
Standard force scrccns protect against

allaeks from outside the screen. bUI have no
effect on anything exiting the screen. They can
be penetrated at low velocities, allowing some
one to walk Ihrough a screen. or the osmotic
passage of gases. Howeve.r, many other varia
tions are possible. Defense options are mutual
ly im:ompatible.

Barrier: This stops people from attacking
into or out of a screen. Multiply DR by 1.5 if the
screen also has the energy screen or kinelic
screen option. otherwise multiply by 2.

DeflectQr Screen. PD 6 (Generator only; for
grids, see p. VE93): Has no DR. but PO 6. Nm
compatible with .my option thell modifies DR.
including reduced DR.

Defleclor Screen, PD 8 (Generator only: for
grills. sec p. VE93): as above. bUI PO 8.

~TH[R CUMPUNfNTl



4 X \\olij;hi. CO'"' power consumption. Not corn·
patiblc ....'th i"JlY option that modifies DR. includ
ing r...-duce..i ilft

Portal: A p.~tllt! scree:1 I,. like a barrier
-.(.1'1:' , but !..~ U-,c1 can open h. Ie, in lhe screen
to') fire throul1h «('f .mack out of With a tt-.msting
'land .... ~Ipclil) Holes ill tht: ~Cf\'. n 1:1>1 ilJr OIlC
tum. An attaekt~r c.an shoo! ttlr thro\O throu~h a
hole, thus bypa<;siu£ t.~ screen. bul !ukes O.l -I (l

p:;lIalty to hit Mullip!y DR by 1.'2."
nmablt: A runablt Mo-reen l~ ItKl.: J bamer

screen, hUl UtC u~er .. a.n tun~ illO pennll :.pecific
frcqUl.:ncics of cncrgy 10 pa<;s through. This
allows the ,>cn'.en to be lranc;parcnt to a particu
lar beam type (e.g.. X-T3\ Ja:-.er, ultrovloleL Ia."er.
paniclc bcam. ctc.). Th;:s can be: ch'Hlgcd ew:h
turn. Incre:lse DR by I()(YICi if th\' s,;rcen fre
quency cannot be changed in comb.lt, SO'l- it II

can change quickly. If the firer can dctcnnine
the current setting of a screen and has a weapon
capable of changing frequency (such as a rain
bow laser), he can lire right through it from out·
side: this requires an Electronics Operation
(Sensors) roll at -5 (required each turn if the
screen can change quickly).

Shi~ld. PO 6 or PO 8 (Generntor only): As
PO 6 or PO 8 deflector, but also allows a block
defense equal to 1/2 of the operator's Gunner
(Force Screen) skill vs. one attack/tum. Multiply

weight, cost, and power by
1.25 in addition to modifiers
for deflector. Not compati
ble wilh any option that
modifies DR. including
reduced DR.

Overload Options
Science fiction force

screens vary (,.'Onsidcmbly in
how, or if. they overload.
It's rare to have more lhan a
few types of variants in any
given setting. Common
overload options arc:

Explosive: The screen
explodes catastrophically on
overload. Blast damage is
Id per kilowatt of power the
screen rcquired. Halve
weight and cost.

Fast Recol't!I'y: Sheds
one lost energy level per
tum (or if a hit point-bac;ed
screen. recovers 10% per
turn). The screen has 2/3
normal DR.

Fragile: If pcnetrtlled. screen is overloaded
immediately. dcstroying the gencmtor. Multiply
DR by 1.25.

Heavy-Dill)': If overloaded. screen goes
do~n until it has time to recover an energy level.
then comes back up. rather than being destroyed.
Not compatible with Explosive. Double weight
:md cost.

Nil Poim·8ased: The screen does not lose
energy levels: instead it lo~s hit points. It has hit
points equal to 5 x its (modified) DR. The vehi
cle protected does not take damage until the
screen's hit points arc reduced to 0; exccss dam
age <lOix:ls lhe vehicle. Rcgencnltcs hit points at
1% per tum: screen is considered to "overload" if
all hit pomt<; are 10501. Multiply DR by 0.4.

No O\'i'''/'xlli (Grid Only): The screen never
ovcrioads. !\ot compatible with other overload
options. Mulllpl~ DR by 0.5.

Stgml n/I'd: The 'iCreen has six sides, which
overload ~epa"oJll'I)'. Double weight. cos!. and
pO\\<er con\ump;ioo. For un additional doubling
of cost. yuu m3)' Increase the DR of one face by
up 10 5O(k by reducmg the DR of all other faces
by the Yllie amount

SliM Rl'cOW't}·.- Regaill~ lost energy levels
(or hit pOlO'S) at lib norm.,l rale (I level per
minute). Halve weight and cost; divide power
COl1wlllpliun by 5.

Drum CUMPONfNIl



Ellergy Scree": This scrccn has full cffcct
against lasers. disrupters, paralysis beams. neural
weapons. X-ray lasers, grasers, disintegrators,
~nd any Olhcr wcapons which usc e1cctromagnet.
tC energy. Halve DR vs. particle beams and
antiparticle or pulsar weapons, but ignore the
armor divisor for an antiparticle or pulsar
weapon. There is no effect vs. other weapons.
DR is doubled (or if a deflector, add +1 to PD).

Energy-Absorbing Screen: This screell also
absorbs power when hit by attacks. which can be
used to recharge a vehicle's energy banks or fed
directly to systcms that require electrical power.
If used as a solar collector. it constantly absorbs
(FSR squared) kilowatts. On any tum it dis
charges an energy Icvel. it produces 0.00 I x (DR

squared) kilowlilis power. It elmnot discharge
unless the absorbed power is drained into an
en~rgy bank or used to power another encrgy
uSlTlg system. 1l1is optioll is often combined wilh
the explosive overload option (p. 21). 2 x weight
and cost. 1/10 power requirement:

Flicker: A flickcr screen turns on and ofT ral>
idly. and thus might not stop any given attack. It
is nonnally assumed that weapons fired from
within the field if directed by a Targcting or
Gunner computer program can be synchronized
with the field's flickering. and thus it is possible
to fire out normally: if no!. treat as a barrier
screen. It has a chance equal to TL or less on 3d
of stopping any given attack. Increase DR by
50%.The f1ickcr cflect can be turned on or ofT at
the slart of a tum: if ofT, it acts as a barrier sen.-en.

Holographic: The field can change color,
allowing il to create holographic disguiscs.
Requires 11 perception 1'01110 spot as fake: if buill
a.s a stealth field. the stealth modifies the percep
tIOn roll. Double cost. This is not very useful
unless il is <llso shaped.

Holol'clltufl! Ficld (Generator Only: TLl3):
A holoventure field creates a vinual reality with
i~ ils area composed of solid force field objccts.
Smce force fields are not edible and don't usual
ly have ~ smell. it also includes total life support.
20 x WClght. 50 x cost. 4 x power. ha~ life sup
PO~ f?r I person per 400 kW power. Nonnally
built mto a hall: per hall unit (15.000 cO it is
2,(XX> Ibs., $2.5 million. 2 MW. and ha~ life sup
port for 5 people. Forcc objects have a ST of
(TL-II) x 5 and a DR of (TL-II) x 15, both mul
tiplied by size in heltes: an object that takes
cnough damage 10 penelrate its DR winks OUI.

but can be recreated the next tum.
Impenllcable: An impenneable .screen stops

gases. bUl Cll!l slill bc walkcd though al low
speed. Increase cost by 20%.

II/visible: The screen does nol change color
when it gains cnergy levels; no effect on COSl,
etc.. bUl the GM may rule thai this option is not
available.

Kinetic Screen: The reverse of an cnergy
screen. It has full effect against ex.plosions.
guns. fire. flamers. stunners. screamers. plasma
weapons. gravitic weapons. and fusion
weapons. However. it provides no defense
against lasers, X-ray lasers, grasers. or particle
beams, antiparticle/pulsar weapons. or disintc
gntIOf5. +50% to DR.

Manipulator (Generator Only: TL 13): A
manipulator field may be used to form force
limbs which call move objects about. ST is
FSR x (TL-II) x 10: reduced DR shields have
the same reduction in ST. Manipulator fields

•

Other Options
ATmosphere-Umited: The screen only works

in an :tlmosphcrc, or only in vacuum. Muhiply
DR by 1.2 (or. if Deflector. add +I to PO).

Cheap: Double weight, halve cost.
Compact: Halve weight. double cost
GIIt/ing (Generator Only): Nonnally, when a

screen forms in a way that inlerseclS a solid
object. there is a hole in the screen unlil the
object is removed. A cuning screen will instead
allempt 10 chop through lhat object; the object
takes IdeS) per DR 50 of the barrier. and loses
DR 1 per die of damage. This damage continues
until the objetl is removed or cut through.

Disi1llegralion: These screens work by
destroying objects before mey can penetrate the
screen. They are thus ineffective against energy
weapons: assume they will destroy any kinetic
we,lpon whose damage fails 10 pcnetnl1e their
DR. Any object touching the screen takes Id(5)
per DR 25 of screen; for large objecL~, damage is
applied per hex. A disintegmtor screen gains an
energy level if more than 10% of its surface is in
~ntact wilh anothcr object. Powcr requirement
IS doubled. Disintegrator screens must also be
barrier screens.



must have the shaped and either barrier or shield
options. Double eosl and weight. For .m addi
tional doubling in cost, the field can fonn cutting
claws, which do swing/cut or thrust/impale with
all annor divisor of 5.

Opaque: An opaque screen blocks ,my
altempt to see through the screen. NOnllal sen
sors cannot penetrale the screen; sensors which
can penetrale walls go through the screen as if il
were a wall of equivalent DR. If the screen
blocks vision into but not out of the field, add
+100% to weight. cost, and power. If lhe screen
blocks vision both into and out of the field. add
+50% 10 weight, cost, and power.

Projectioll (Generator Only): The field can
be projected to surround other objects. For dou
ble cost, weight, and power consumption, the
field can be projected (FSR) yards away; each
additional doubling multiplies range by 10. A
projection screen can be set to keep things in,
mther than out, if desired.

Proportional: A proportional screen leiS a
fraction of the damage through. Multiply DR by
1.5 if 1/10 of damage gets through, by 2 if 1/5
gets through. by 3 if 1/3 gets through, and by 5 if
1/2 gets through.

Reduced DR (Generator Only): II has only
10%-99% of the nonnal DR that its FSR would
otherwise provide. Multiply cost, weight, and
power u~ by [he same percelltage.

Reflector: If the screen successfully stops
an all:lck. the attack is sent back in the direction
it came from. This generally hit<; the attacker if
he is using a beam weapon or is wilhin half
damage range. The GM may rule otherwise in
the case of rapidly moving vehicles, as lhe
altack will be reflected 10 where Ihe attacker
was when he fired the weapon. Double weight,
COSl, power consumption.

Shaped (Generator Only: TLJ3): The field
can be reshaped into a variety of fonns, provided
the total area of the screen docs not exceed the
norowl size limit. For double cost and weight.
only simple shapes may be fonned (Ihis is suffi
cient to give Ihe equivalent of superior streamlin
ing, fille hydrodynamic lines, or submarine lines).

For triple normal cost and weight, complex
shapes may be fonned (almost any sh<lpe. though
complex shapes may take a while to program in).

Slealth: As an opaque screen, but lhe screen
itself is nearly invisible, subtracling (TL-4) x 2
from all sensor rolls to detect it. As opaque, but
add a further 100% 10 base weight. cost, and
power. A stealth screen may be detected if it
occludes other objects.

~RH'I HNO ~HmN6fR~
Two alternmives 10 conventional crews or

robotic vehicles are found below.

RfMon CONTROl
A remote control vehicle is not necessarily a

robot. Remotely piloted vehicles are available as
early as TL6, and can be as simple as a radio·
control1ed model aircmft or CM.

To build a remote control vehicle, install
mechanical. electronic, or computerized con·
trois. bUI don't place crew stations aboard.
Instead, install one communicator (radio, laser,
neutrino, etc.) per crew station that the vehicle
would require. and place the actual stmions and
lhe same number of communicmors somewhere
else. If a vehiclc has mcchanical controls, it may
only be remotely conlrolled by TL6 simple
remote control.

Vehicle operation skills used through a
remote control link normally suffer a -I (or
greater) relepresence penalty representing the
difficulty of controlling a vehicle without being
aboard it. However. if the round-trip signal lag
exceeds 0.1 seconds (9,300 miles range for Iight
speed communications) lhis penalty may
increase substantially.

Where possible, it's a good idea to install an
autopilot or small computer with vehicle
operation software [0 take control if lhe comrnu
nic<\tions link goes down. If no such a system is
available, loss of signal is treated like any other
loss of operalor (I'. VE 152).

OTHfR [OMPONfNT5



Remote Control Consoles
These may be installed in a vehicle or struc

ture. or. if smull enough. simply be eamed by an
opemtor (oflen with a built-in communicator).
The weight. volume. and cost of consoles
(including remote control programs) is halved
one TL after the system fir.sl appean;. and halved
again two or more TLs after it appears. A com
municator is not included.

Simple Rt'ftlott! Coll1rol (TL6): The operdtor
controls the remotely operated vehicle using ana
log conlro1s. such as a joystick. The opcra~or

must have the vehicle in sight (or lrdcked by lme
of sight sensors) 10 control il. No crew sialion is
required. There is a -4 tclcprcscncc penalty.
$100.4Ib,.

Basic Remote Comrol (TL7): As above, but
the operator can receive direct sensor transmis
sions frum the remole vehicle (if il has <lny).
allowing him to control it even if the vehicle
leaves his line of sight. This also leIs him per
fonn observation tasks from thc vehicle. fire its
weapons (if any). etc. The penalty remains -4.
The console lllay be any crew station with a
computer tenninal and Complexity 2 or higher
computer. and mUSI run Datalink and Basic
Remote Control (S400. Complexity 2) programs.

Adl'll1lced Remo/e Co1ltrol (TL7): As above.
but with more sophisticated sensory feedback.
The telepresence penalty is -3. A Complexity 3+
computer is required, and must run Dalalink and
Advanced Remote Control ($2.000. Complexity
3) programs.

Basic VR COllsole (TLS): The opemtor "gets
inside" the remote vehicle using a virtual-reality
rig. Through feedback, the opera~or aetu.ally
experiences the vehicle's sensory ImpresSions
mther than relying on instrument readouts. The
tclcprescnce penalty is only -2. or -I if the
remote "ehicle is similar in shape and size to the
teleopemtor. The console is a specialized VR rig
(S2.5<X>, 30 Ibs.. 1.5 cf) attached 10 any computer
terminal and Complexity 4 or higher computer
running both the Datalink and VR Remote
Control ($5,000, Complexity 4) programs.

Nellml-llIfel!ace C01l.W1le (TL varies, usually
TL I0): The opemlor controls the remote vehicle
through a direct brain link. The telepresence
penalty is only -1. or 0 if the veh~cle has the
samc sizc. shupe. and number of limbs as Ihe
operator. A typical system is the TL I0 neural
interface helmet (SIO,CXX>, 3 Ibs...06 cO attached
to a console. which may be a computer tCOllinal
and any Complex.ity 4 or higher computer run
ning both the Datalink and Interface Remote
Control (S5.000. Complexity 4) progrdms.

rowm HNO fun
This section provides additional rules and

design options for power plants and fuel.

tXHRNRl ~~MBU\lmN tNblNH
Thesc urc nll power plants that rely 011 nn

external heat source (such as a boiler) for energy.
They include conventional steam engines and
more exotic varialions.

Compolllld Steam Engines (TL5):
Compound engines, such as the triple-expansion
engine (PI'. VE82-83). can actually have a vary
in" number of stages of expansion (cylinders).
T:o-cylinder engines were experimented with in
1854 and generally adopted in 1874. Triple
expansion engines followed in 1885. and Gc~n
shipbuilders produced quadruple-ex.pans.lon
engines from 1897 through 1906. Such engllles
were mainly used on ships or in factories. No one
actually built a sexluple-expansion steam engine.
but someone might have tried had the steam tur
bine (PI'. VE82·83) 1I0t been developed.

Vapor Cycle (Rankine) Engines (TL6):
These are external combustion engines which
recycle [hc working nuid. Vapor cycle turhi.nes
sacrifice some fuel efficiency for reduced welghl
and complexity and rapid start-up. Often the
working nuid is not steam; lhe most common
alternatives are ammonia. halobenzenes, or mer·
cury. Automobiles and even aircraft were o~ce

built with vapor engines, but internal combustion
won out.

Sfir/jllg C)'de Heat Engines (TL5): A closed
thermodynamic cycle engine in which a
working gas is alternately compressed al low
temperature and expanded at high temperature,
producing work. A Stirling engine is very quiet
and has superior fuel economy. Original designs
(dating 10 1816) used low-pressure air as the
gas, but in modem designs the pistons are filled
with pressurized hydrogen or helium. for greatly
increased efficiency.

~IH[R [DMPDNfNIl



The power output of the engine in kW detennines its weight in pounds. There are
two columns for use in calculating weight: one for engines with output under 5 kW, the
other for larger engines. Divide weight by 50 to find volume in cf. Cost is in dollars per
pound of engine weight. Fuel use is per kW, in cf per hour for coal (C) or wood (Wd)
or multi-fuel (M) which allows use of gasoline or diesel fuel. If two fuels are listed, the
engine can use e-ither.

Fllel Used
0.04C/O.16Wd
0.02C/O.08Wd

0.015C/O.06Wd
0.025C/O.05M
0.02C/O.04M

0.0 16C/0.033M
0.04C/0.08M

0.0 125C/O.026M
0.OO85C10.016M

COSI

$0.6
$1
$1.4
$4
$6
$8
$2

$10
$5

If a pipe leaks or bursts, escaping steam
causes Id-I bum damage to a randomly chosen
victim in thc cngine room. Hc may attempt to
dodge the steam.

If a steam engine explodes, it causes con
cussion damage equal to 6d per 50 kW for a
low-pressure engine, 6d per 10 kW for any
expansively worked engine. or 6d per 2 kW for
a turbine. The full damage is applied to anyone
within 2 yards of the engine. For each 2 yards
out, divide damage by 4. Superheated steam
also scalds anyone close enough to suffer con
cussion damage, inflicting Id-I damage from
burns. Fragmentation damage occurs in hexes
adjacent to the engine on a 17 or less, with a -I
modifier per hex farther out: fragmemation
damage is Id cuning.

Solar External Combustion Engines
These systems can provide power to space

craft or space stations, llsing the intense solar
radiation in outer space as a heat source.

This system has two parts. One is equivalent
to a standard external combustion engine, but
with weight, volume. and cost reduced by 20%
and no fuel consumption. The other is one or
more Imrrors.

Mirror area needed per kW is 2.500 limes
the coal consumption (in cf/hour) of thc cngine.
Mirrors weigh I lb. and cost $0.04 per sf.

Mirrors must be mounted on masts; maxi
mum area of mirrors equals (average mast
1ellgth) squared x number of mastsl2.

Compute crewmen needed to align the mir
rors as for sails (p. VE75). TL depends on the TL
of the engine.

l£l1Killc Type
Double-expansion
Quadruple-expansion
Sexcul?le--exl?ansion
Vapor Cycle
VaporCyc1e
Vapor Cycle
Stirling
Slirling
Stirling

TL
5
5

(5+1)
6
7
8
5
7

8+

External Combust/on Engine Table
Weight ifompul is

III/der 5 klV 5 klV orl/lOle
112xkW (56xkW)+280
94xkW (47xkW)+235
88 x kW (44 x kW)+220
35xkW (l5xkW)+ 100
20xkW (lOxkW)+50
15 x kW (8 x kW) + 35
150xkW (60xkW)+450
20xkW (15xkW)+25
10xkW (8xkW)+ 16

~mm IXPlOlmNl
Steam and most other external combustion

engines can be pushed beyond their rated maxi·
mum power output. This dramatically increases
the c1mncCli of a breakdown or explosion. Power
may be increased above the rated maximum in
10% increments. Increased power allows
incrca~cd speed, according to the following table.

Steam Power Beyond Rated Maximum
Power \Valer Speed Ail/Ground Speed

Increase II/crease fl1crease

10% 3% 5%
20% 6% 10%
30% 9% 14%
40% 12% 18%
50% 14% 22%
60% 17% 26%
70% 19% 30%
80% 22% 34%
90% 24% 38%

100% 26% 41%

This incrcllSC requires an Engineer roll al .)
per 10% increase. On a critical success, the
engine functions perfectly. On an ordinary suc
cess, it functions safely but needs immediate
maintenance afterward. On an ordinary failure. it
breaks down - gears jam, pipes burst, or the like.
On a crilical failure. it explodes. On an 18, the
explosion is immediate; on any other critical fail
ure, there is a moment's warning, during which
byStMders may dive for cover - or a heroic engi
nccr may try to prevcnt thc cxplosion with an
Engineer-5 roll, with no opportunity to avoid
injury if the attempt fails.
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Years
20
0.5
200

2
special
special

Cost
$20
$50
$65
$50
$40
$40

Extra Oetail
Unshielded Fission Plants

Any TL7+ fission reactor. nuclear air
turbine, or Iightfield reactor can be built with
minimal shielding, as can any fission rocket
or fission air-ram. This halves the weight.
volume, and cost, but makes the device very
dangerous. It is safe until turned on, but
while operating it gives off a lethal radiation
flux (6,(XX) rods/second at J yard. decreasing
with the inverse square of distance). Once
used it remains highly radioactive for the
next few thousand years. However. the worst
wastc products will decay after a few weeks
of disuse. dropping the radiation to 2.000
radsIhour (at one yard).

PfRPfTUAl M~T1~N fN61NH RN~ OlHfR fX~T1[A

R[A[lORI

Weight ifOlltpllf is
TL Type ullder 5kW 5 kW or more

7 NuciearAirTurbinc no (1.5xkW)+250
8 Experimental Fusion no (2 x kW) + 2 million
9 Super MHO Fusion no (0.5 x kW) + 100

10+ Super MHO Fusion 110 (0.4 x kW) + 90
12 Nuclear Lightfield no (0.15xkW)+ 100
13+ uclear Lightfield no (0.075 x kW) + 50

Weight, cost, etc. are as per the table on p. VE86.

These are different approaches to power
reactors (pp. VE85·86) thaI may prove more
suitable to some altCnllllive history or science
fiction campaigns.

Nuclear Air Turbine (TL7): An optimistic
design from the early days of alomic energy, prior
to nuclear fears. Air is healed by direct conlaCl
with a reactor core made of highly enriched
bomb-grade plutonium, then expanded through a
rurbine, and finally vented back to the atmosphere.
The turbine is shielded. but operators may be
exposed to a few dozen mds per year. TIle system
williasl about 20y~ before it requires disposal.

£l:perimemal Fusioll Reactor (TL8): This
models ncar·future and prototype fusion designs.
They are very heavy and expensive. Minimum
COSt is SI00 million.

SIIIJt!r MHD FIUioll (TL9): Basic fusion
rockets (p. VE36) are extremely efficient. If
these rockets exist, a fusion generator can be
designed thaI uses their cxhaust to vaporize a
working fluid in a MHO generator. generating
power. The result is an expensive but highly
compact fusion reactor. Supcr MHO Fusion is a
"superscience" system, but can simulate many
optimistic SF power plants.

Lightfield ReaclOr (TL 12): These super
sciem.:e reactors are a logical offshoot of trans
parent deflectors or force screens effective
against energy. The reactor core is a screen filled
with cnough fission fuel to go incandescent.
Light from the glowing core passes through the
screen and heats a working nuid. Such scrccns
greatly simplify fission reactor design: material
temperature and radialion tolerances no longer
matter. radiation shielding is simple, and the
reaction c,m be controlled by adjusting neutron
reflection of the innermost screen. An operating
lightfield reactor, if disabled or destroyed,
explodes for &1 X 10 damage per kW and con
taminates the blast radius to several hundred
rodslhour. Light11eld reaClOrs consume 0.003 lbs.
of fission fuel per kW.yr.

Over the centuries, inventors have looked
for a powcr SQurcc that could operatc without
requiring fuel. Cosmic power plants (p. VE85)
and mana engines (p. VE86) are examples. but
may be too fantaslic for a divergent-technology
ahemate E."lrth or a weird-science campaign
with a historical or modem-day selling. This
section presents a series of 10wcHcchnoiogy
"free energy" powcr plants. m,lOy of them based
on historical frauds and errors. Most violate one
or more thermodynamic laws, although somc
draw on invisible cnergy reserves. making the
accounting uncertain.

Self-moving Whf!els (TL(2+ I): Thcse are
the oldest perpetual motion design. Movable
weights are arranged around a wheel so thaI
there is always more weight on one side of the
wheel than the othcr. Weights sliding on spokes
or mounted on pivoting arms. balls rolling in
curved sectors. and tubes paltly Ii lied with mer
cury are lypical approaches: wllterwhccls turned
by water lifted by a pump driven by the wheel
are a variation. Modem vcrsions lllay substitute

------------------------____ allraction between per·
Nuclear, Ant/matter, and Mass Conversion Reactors Table manem magnelS for the

gravitational atlraetion
on the weights. allow
ing the wheel to turn
horizontally. None actu
ally provide perpetual
motion. but until mid
11..5 it is unclear why. A
method of altering the
force of grnvity on pan
of the wheel - artificial
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gravity, gravity screens, or contragravity fields
that cun switch on and off - would allow this to
work. This is one reason why most gravity con
trollcchnology breaks physical law.

Zero Motors (TL(5+ 1»: These use heat from
the air to boil a working fluid - typically ammo
nia in the 19th century and liquid air, freon, or
carbon dioxide in the 20th. TIle vapor expands
through a turbine and is recondensed and recy
cled. The motor requires a thin or denser atmos
phere that is warmer than the working nuid's
boiling point. The original zero malar examined
by the U.S. Navy in the 1880s operated near zero
Fahrenheit, hence the name. Zero motors violate
the second law of thermodynamics rather than
conservation of energy. In the real world, recon
densation requires a heal sink colder than the
boiling point, or a compressor using more power
than the turbine produces.

Demonic Pumps (TL(5+ I»: These openly
violate the second law of thermodynamics by
exploiting its statistical nature. In the classic
thought experiment, Maxwell's Demon opens a
stopcock only when a hot molecule llpprollChcs
from one side or a cold molecule from the other.
The demonic pump uses some form of super
science filter to direct molecular motion. Other
versions crellte a pressure difference (allowing
any molecule to pass, but only in one direction),
or usc Brownian motion to wind a spring (using
a mtehet lock as the one-way device). The key
fe<lture of demonic pumps is that molecular-level
activity happens only in one direction, something
that (in reality) nomlally re<luircs energy.

Eleclrical Mulripliers (TL(6+1): These
devices use electric power to produce more elec
tricity Uwn they consume. They usc no fue!, but do
require power supplied by anoltler power plant. A
typical system uses an electromechanical device
to convert. a constant current now into rapid pulses
of energy with a net gain in output. In the real

world, the inventor was usually confused by a
measuring error such as equating voltage with
power, or more subtly by confusing reactive
power with real power or assuming sinusoidal
relationships hold for non-sinusoidal waveforms.

Zero Poilll Energy (ZPE) (TL(7+I»: A
power plant that draws energy from the random
electromagnetic nuctUlttions which exist even at
<lbsolute zero, If the energy for all the possible
frequencies is summed up, the result is can be
interpreted as large (for some methods of calcu
lation, infinite) energy density present even in
vacuum. Because the energy densities are higher
the smaller the wavelengths, ZPE devices usually
claim to exploit phenomena occurring in small
cavities - rapidly collapsing sonoluminescene
bubbles, the interstices between atoms in close
packed metals, and so on. Stlltistics arc for a typi
cal late TL7 power plant. Superscience ZPE
devices can be treated as TL9+ NPUs with +25%
cost and "infinite" ycars, or as cosmic power
plants (p. VE86).

Orgone Ellgifle,~ (TL(6+ I»: These use a
technology distantly related to the Soulbumer
(p. VE86) to convert orgone (a type of life-force;
see p. WTI06) to electricity, sometimes expelling
"Deadly Orgone Radiation" as a toxic exhaust
(treat as 1.5 T<lds/hour per kilowatt to nearby liv
ing things, and see p. WTl06 for emotional
plague), Some orgone engines constantly expel
such radiation: others do so only if dam<lged or
irri.t3ted (and continue even if the irritation is
removed) by the proximity of nuclear radiation,
microwaves, and sometimes even radios or TV
signals. Engine output assumes a living environ
ment (such ll.~ Earth); an alternativc is needed for
deep-space operations. If orgone energy does not
exist as such, use similar statistics for other
engines Ihat draw Oil a living world's life energy
(psychic energy, chi, prana, etc.) for power and
release anti life energy as exhaust.

~lHIR COMIONINIl

Perpetual Motion Engines and Other Exotica Table
Weight ifoutput is

Type under 5kW 5 kW or mol''' Cost Power
Self-Moving Wheels 150x kW 150 x kW $0.5 0
liro M9tor or Demonic Pump 150 x kW (80 x kW) + 350 $1 0
ZeroM~tororDemonicPtlmp 40xkW (20 x kW) + 100 $4 0
Zero "tY!otor or Demonic Pump 20 x kW (10 x kW) + 50 $6 0
Electrical Multiplier 20 x kW (4 x kW) + 80 $2 0.25 kW

-·(f+\Yclt:cu-ICilIIVlUIUpUg-'fI ~ m-x Y¥ 11 '1"~!V

(7+ I4.JKro Point Energy 50xkW (20 x kW) + 150 $20
(6+\) OrgoneEngine no O.osxkW $50
(6+2) 0Ig0ne Engine no 0.1 x kW $\00
(6+3) ~Engine no 0.005 xkW $SOO

Weigflt. cost, etc. are as per the Exotic Power Plants table on p. YES7.
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~RORO[R\l POl'lfR
This is the next step up from beamed power

(p. VE87). It allows IXlwcr to be transmitted to
all points within range, rather to a specific loca
tion. There are two types:

Fit!ld-BaJed £leClrical Sy.\'(em (TL(6+ I)): A
divergent technology precursor to broadcast
(Xlwer. replacing wiring over short distances. It
is t:onunon on UFOs and in worlds based on the
assumption thai Nikolai Tesla's theories result in
practical inventions. Real auempts to gener-ue
broadcast power can't handle high power
demands. require antennas heavier than the
wires would be. waste power by heating any
thing metallic or otherwise conductive aboard.
and arc very sensitive to interference, making
them imprdClical.

BrrJlldca,\'( Power (TLl2): This supcrscicncc
technology involves power being transmilled
from a central station, and then picked up by
small receivers at long distances. Unlike beamed
power, it docs not require line of sight lIlId
involves no haz.'U"dous energy beams.

Either broadcast power system's receiver
weighs 0.25 Ibs.. occupies 0.005 cf. lind custs
$5 per kW it can pick up. A transmitter weighs
0.5 Ibs.. occupies 0.01 cf. and costs $5 per kW
it can broodcast. plus $500. Select a maximum
range for each transmitter. up to 0.05 miles x
kW transmitted.

Broadcast receivers operate on specific
channels and pull power from any available
transmitter in range operating on that channel. If
lhe total power drawn by aJi receivers in an area
exceeds that available on their channel, the
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system browns oul. Legal receivers lIfC likely tu
have a built-in communicator link and GPS and
talk to a scheduling computer to preveOl over·
loads. Military and emergency vehicles rarely
lise broadCilsl power because of the risk Ihal
something will take down the network.

fUR
These rules add additional options and types

of fuel or reaction mass.

Other Types of Liquid Fuel
A'80Il: This cryogenic noble gas is typically

used as a reaction mass in cold gas thros,ters and
slow ion drives (sec Vehicles E.xpallsiQlI 1).

H)'llrogen-Oxygel1: A common and efficient
chemical rocket fuel using liquid oxygen and liq·
uid hydrogen.

Kel'O~'el1e-OxJ'gell: Another common
chemical rocket fuel using kerosene and
liquid oxygen. [t gives a lower specif
ic impulse (fuel efficiency) than liq
uid hydrogen-liquid oxygen. but rhe
higher density of fuel make.li up for
it, allowing a greater weight of fuel
in a panicular volume of tank.

SYlllhelic: Biojllels: Cheap fuels
may be produc:..·(:d from biomass. typi
cally lightly processed plant oils 
assorted triglycerides. terpenes, latexs.
esters. and carboxylic acids. Peanuts and
Cllinese tallow trees are the best candidates. but
soybeans. ca.<;tor beans. rapeseed, and com oils
may be usable.

Ughl lJiojllels can be burned in any multifu
e! engine. or any diesel or ga.<;oline engine with
snlllil rmxlifklltions (10% of engine I.,'ost).

Neav), lJiojllels are denser. less volatile, or
more viscous materials like unprocessed plant
oils and Ihe products of WOf.XI diSlillatiOIl or the
pyrolysis of garbage. They are cheaper. but can
only be bumed in mullifuel-capable engines. and
require twiec the nonnal fuel volulllcs.

Additional Fuel and
Reaction Mass Table
'type Weight Cost f.lre
SynJhelic: Fuels
Light Biofuels 6.5 $3 10
Heavy Biofuels 8 SO.5 8
Cryogenic Rocket Fuels
Hydrogen·Oxygen (HO) 2.1 SO,I 13
Kerosene-Oxygen (KO) 8.5 $1 13
Cryogellic Reactio/l Mass
Argon (Ar) 4.7 $4

Other Types ofSolid Fuel
Ab/aliw! PlaSfic (AP): Used in laser rockets.

E<lch pound of ablative plastic takes up 0.02 cf
and COStS $0.04. It is usually stored as cargo.

~URfnn RNO fXURNRl ffRlURH
These features may be added to the exterior

of a vehicle. as per GURPS Vehides, Chapler 8.
They may be added to a vehicle after the total
surface area has been determined.

Gun Port (TU)
Vehicles may have small openings through

which an occupant of a vehicle can fire person
al weapons while remaining protected by Ihe

vehicle's armor: he is subject to any
vision penalties (see p. VEI73).

Weapons are limited 10 rines
or smaller. The firer is limit

ed to a IS-degree arc of
fire; the vehicle is not
considered sealed when a
gun port is in use.

The weight and cost
are negligible.

Self-Sealing Hull (TL6)
A sealed hull may be

. dcsigm.'(! to be self-sealing. This lets it
automatically close small punctures in less than a
second. The GM may declare major breaches
beyond the ability of the hull. and corrosive
atmospheres may reopen small punctures after a
time as the corrosive dissolves the sealant, but
ordinary leaks and noorJing are prevented.

A self-sealing hull has double the cost of a
sealed hull, and requires an extra 0.2 Ibs. per sf
at TL6. Halve weight al TL7, and halve again
at TL8+.

Energy Phasing Surface (TL13)
The vehicle is surruunded by a supcrscience

array of fora lenses. which allow energy
weapons mounted anywhere aboard 10 fire from
any point on the surface. All energy weapons
effectively have universal arcs of fire. 11 will also
allow a sensor anywhcre aboard to look out in
any direction. Energy Phasing Surfaces can be
installed on subassemblies as well, usually a pod,
to allow weapons in the pod to fire on any arc
nOl blocked by the rest of the vehicle. The sur·
face weighs 0.25 lbs.. costs $500. and requires
0.5 kW per square foot covered.



51 x Rs x square root of
((LwI.• Static L1ftlillft Area].

apply if using lhese glider mles, since the glider
is always sinking. Even in forward flight, a glid
er will constantly lose altitude as detemlined by
its glide ralio and forward speed.

Gliding speeds are relative to the air. not the
ground, so any speed added from a tailwind
(which adds 10 ground speed without incrca"ing
air speed) or subtracted from a headwind is nol
counted when detemlining altitude 10s1.

Thcmmls, downdmfL", and updmfts are also
imponant, and increase or decrease altitude for a
period of lime, sometimes seyeral minutes. A

Extra Detail - Aircraft Stall Speeds and
landing

For increased realism (and especially if using
the glider rules) stall speeds should be calculated as
follows:

SI is 7 for. fair streamlining or worse, 7.35 for
good, 7.7 for very good. 8.05 for superior, 8.4 for
excellent, and 9.1 for radical streamlining.

Rs is 2 mph for most vehicles. but 1.5 mph if
the vehicle has a responsive structure.

Lift Area is calculated a" per p. VE133: Add
the entire combined surface area of all the wings
and rotors to 10% of the area of the body (30% for
lifting bodies). Treat STOL wings as having 1.5
times their actual area and nafCCr'dfl as 3 limes lheir
area for this purpose.

SIalic Lifl is the total pounds of lift from
ornithopter wings, helicopter rotors, lifting gas,
Magnus effect drivetrains, vectored Ihrust used for
lift, lift fans or engines, contragravity, and levitation.

Lwt. is loaded weight.
Stall Speed and Glider Terminal Velociry ill

Alien Envirmullent...: Multiply it by the square rool
of the local gravity and divide by the S{luare rool of
local air density.

Rough Field umdings: For landing and take
off purposes, a vehiele with up to Very High ground
pressure can treat a level grnssy field or a smooth,
straight din road as hard terrain.

Glide Ratio is the clitical statistic for a
gliding aircraft. It is lhe Forward dislmll::c
the aircraft can travel before losing a unit of
height. Glide ratio is calculated as:

(Top glide speed/stall speed) squared.

E.g., one with a top glide speed of 120
mph and slall speed of 20 mph has a glide
mtio of (120120 =6) squared =36, or 36: I.
It could fly 36 yards hOI;zontally before los
ing a yard of altilude. go 3.6 miles before
losing 0.1 mile altitl.lde. etc.

A[RI~l ~[RfnRM~NCf - ~lIn[R1

This chapler expands on Chapters 10 and 12
of GURPS Vehicles, providing additional rules
for specific situations and Iypes of vehiclcs.

Gilder Flight
A glider flies like any other aircrnfL It

must be moving faster than its stall speed to
stay in the air. The rule for aircraft deceler
ation (I rnph/s in forward flight; see
Change of1op Speed, p. VE150) does not

A vehicle with wings, rotors (see AI/to
RO{(ltion alld Helicopter:,,, p. 31), or a lifting
body but no functioning aerial propulsion system
is a glider. TIle GM may wish to calculate glider
performance for any llircraft with a slnl1 speed, in
the event of the craft losing power.

A glider has the same aerodynamic drag,
Stall Speed. aMR. and aSR as any other air
craft, and it can fly if its speed exceeds its
stall speed. A glider might reach its stall
speed by using <l powered propulsion sys-
tem and then turning it off. or by being
towed by anolher vehicle. The important
slntiSlies for a glider arc its tenninal velocity
and top gliding speed, and its glide ratio.

Top Glidil/g Speed is the top speed the
glider call theoretically reach in forward
flight. It is calculated as follows:

Top glide speed =0.4 x terminal velocity.

Terminal velocilY is:

Square root of
(7,SOO x Loaded Weight/Aerodynamic Drag).



Extra Detail - Superchargers and Propeller Aircraft
HisloricaJJy, propeller planes with supercharged internal com

bustion engines outperformed those with internal combustion
engines but no superchargers when operaling at high allitude. To
reflect this, aircraft whose propellers are driven by supercharged
internal combustion engines get their full aAccel and Top Speed
when above 3,333 yards (10,000 fect), while aircrafl whose pro
peIJern are powered by internal combustion engines without super
chargers get only half their aAccel and 2/3 of their original Top
Speed. To refit a turbo-charged engine with a supercharger, add
10% to weight. The additional cost is equallo 50% of the original
engine cost.

glider pilol can U:)C Aviation !)kill to locate ther
mals and updrafts. They are rated for vertical or
horizontal gain in yards/second. An updraft pro
ducing 11 change of 1-5 few yards/second is easy
to find or avoid (no modifier to skill); up 10 25
yards/second might occur in a stonn.

WUN6
An aircrafl's maximum ceiling depends on

three factors. The first is human: Can it<; occupant<;
bre<llhe? The second applies only 10 vehicles with
air-bre..1thing engines: ls the engine getting enough
air? The third is aerodynamic: Is the air dense
enuugh (0 allow it to ny? The lowes( of thc three
limits detennines the aircraft's ceHing.

Life Support Limit: For aircraft without life
support systems carrying occupants who need to
bre<lthe, physiological factors usually set the ceil
ing. Safety tolerances for unacclimated humans
restrict unsealed aireraft carrying commercial pa<;
scngers to 3,500 yard!), <Ilthough up 10 6,600 yard!)
is possible, especially for acclimated individuals.
Scaled vehicles can reach 8,000 ymds. Scaled
vehicles with life support h,lVe no specific limit.

EIIRil/c Limits: Any air-breathing engine wiJl
ccase 10 function above a certain altitude. For air
craft with air-breathing power plants. such as
propeller planes with internal combustion
engines, air-breathing turbines or fuel cells, or jet
engines. ceiling!) are limited to (he point at which
the air becomes too thin to support combustion.
This averages 8,000 yards for most gasoline
engines, fuel cells, or bioconvertors. 12.000
yards for supercharged. gas turbine, MHD tur
bine. and most jet engines, and 25,000 yards for
ramjets or air-rams. These are rough figures:
actual numbers vary considerably.

AerodYl/amic limits: The limit is set by the
point al which Ihe density of the air becomes 100

low to support the vehicle. For helicopters and
vectored-thrust crati, the ceil-
ing is 8.000 yllrds x naluml log
(Loaded weight/static lift in
Ibs.). /-or winged vehicles, the
ceiling is 8,000 yllrds x natunll
log (top spee<!lstall speed).

Alien Environments: For
worlds other than Earth, multi
ply the limits by mu/(29.2 x g),
where mu is the average
molecular weighl of the local
air and g is the local gravity.
Multiply engine and life sup
port limits by (% OXygCllI2O%).
Sample mu values: 2 for pure
hydrogen atmospheres, 2.3 for

Am-R~rnrION nN~ HHICOPHRS
A helicopter that loses power to its rotors

may avoid falling out of the sky by auto
rotating. The pilot gets One chance to
recognize a complete power loss and react
appropriately (by lowering the collective and
entering allto-rotation). A second or IWI) of
delay will cause the rotor speed to decay to
the point where the helicopLCr is unrecovel'
<tble. To enter <tuto-rot<ttion, the pilot must
make a successful hazard control roll (p.
VEI48): failure means that the pilot cannot
recover control. and the helicopter will fall. If
the pilot succeeds, calculate stall speed, etc.,
as an aircraft (using three times rotor area for
lift HfC<l; static lift is r.cro). then work oul per
fonnance statistics for it as if it were a glider
(using the area of its rotors). Auto-rotating
helicopters which drop below sl.all speed do
not automaticnlly crash. but descend at 0.25
x lOp glide speed (0.1 x rerminal velocity).

typical gas giant atmospheres, 16 for pure ammo
nia, 28 for pure nitrogen, 29.2 for oxygen/nitrogen
wilh tmce argon. 44 for pure carbon dioxide.

Vehicles which have life support and use
propulsion and lift that do not depend on air have
a theoretically unlimited ceiling, although vehi·
c1es with a total delta-V (p. 32) less than the local
escape velocity will be unable to escape a plan
et's gravity intu space.

S]X-'Cilic Impulse (lsp) is lhe standard measure
of rocket petfonnance quoted in technical sources.
It measures how many seconds of thrust a given
unil of reaction mass can provide. and thus deter
mines how efficient a given space drive is.

~mmRMRNC[ RN~ ~HRRJmNI



To find the ~pecific impulse of a splice drive
or rocket engine rdted in GURPS Vehicles tenns,
use this fonnula:

Isp =3,600 IIF x W).

F is the Fuel Usage value (in gph per pound
of thrust) on space drive and rocket engine table~;

~ee p. VE36). W is the weight of lhe fuel or re<lC
tion mass in lbs. per gallon: see p. VE90 and sim
ilar fuel tables.

For example. the Optimized Fusion engine on
p. VE36 has a fuel usage of O.OO4H (0.004 gallons
of hydrogen) per hour per lb. of lhlUst. TIle table
on p. VE90 shows that hydrogen weighs 0.58 Ibs.
per gallon. As such, the engine has an impressive
Isp 013.6001(0.004 x 0.58) = 1.551,724.

Realistic Delta-V
Specific impulse Clln be used to c<l1culate a

realistic delta-V, the total velocity change that a
spacecraft can achieve using a paJ1icular load of
fuel. U~e this fonnula to find delta.v from sp.::
cific impulse:

Realistic Delta·V = 21.8 x Isp x
natural log (1 + (fuel weighVdry weight]) mph.

Fllelweighr is the tOlal weight of fuel carried
for that engine. DIy weight is the loaded weight
of the vehicle minus the weight of its fuel for lhal
engine. Delta-V is often given in miles per sec
ond (e.g., in Trans/willa" Space). To get mps.
divide delta-V in mph by 3,600.

Simplified Delta-V
GMs who want a simpler system for calcu

lating delta-V wilhoUl working Oul Isp and using
naturdl logarithm functions can use this fonnula:

Delta-V =
(sAccel in Gl x endurance in hours x 21.8 mps.

If doing Ihis, calculate loaded ma.;;s as if the
tanks carried only half Ihe load of fuel. This will
simulate the fact that the fuel load will be gradu
ally burned away during flighl.

Round Trips and Delta-V
A vehicle using a retlction drive (one that

requires fuel) will usually accelerate to a speed
equal to /wlfits delta-V, bumingjust over half ils
fuel, travel for (miles to destination/speed) hours,
Ihen decelemte using the remainder of its fuel.
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Just a Click
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The Best Deal in Gaming. Sobscribe Todayl

Pyramid is lhe gaming hobby's hottest
voit:c! We're your online source for game
reviews, source malerial, and background
infonnalion for all your favorile games ...
Magic. D&D. Rifts. _tech, GURP5,
In Nomine, INWO, SluuIowrun, Castle
Falkenstein, Eorthdawn, and many more.

We cover roleplaying games, card games.
computer games, minialure syslems, and wargames.
Industry news is updaled regularly, whenever it happens.

Whal kind of articles does Pyramid carry? Check oul !he samples
at our website - you don't have 10 subscribe to take a peek! But here
are some of the things thai only subscribc~get:

A "Ubrary privileges" iu the online archive of back issues.

.. Access to Steve Jackson Games playtest material.

A Previews of online projects from SJ Games and other companies.

£. A me5S8ge area so you can talk to your fellow readers.

A Weekly "live ehal" sessions with our stall' and guest speakers.

DON'T BLOW UP;
WE'LL HELP DUTI

When you boughllhis book
you also bought extensive online
suppon for your game. At our
website (www.sjgames.com).
you'll fmd tons of support
material for GURPS (and any
other Steve Jackson game) at no
extra charge. Here are just a
few of the things you get:

• News! Find out what's new,
what's coming soon, and
what's on the horizon.

• Acomplete listing of our
games, with current prices,
and the latest support
materials. and errata!

• Access to Warehouse 23
(if you have to ask, you
aren't cleared to know).

• A chance to bid on unique
items at the Auction Page.

• Infonnalion on how 10 join
a mailing list that supports
your game.

• Acatalog of all our
products, including T-shirts,
pins. key-chains, and
pendant<;;.

• And a whole lot more - all
fully searchable!
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