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THERE WILL BE NO PHOTON ROCI•T

V. Smilga

The idea of interstellar ships - those 1_pothetical subJugators

of space - has enjoyed sensational success. This success is expres-

sively reflected in science-fiction creations whose authors have,.

without restraint, filled the galaxy with every kind of "subrelativis-

tic" and "relativistic" starflyers.

This "star sickness" is of course iunderstandable. The idea of

conquering the unfathomable reaches of space is in itself extremely

attractive. And it is especially alluring today when the earth's

gravity has been overcome, artificial satellites of the earth and sun

have been created, and photographs have been taken of the moon.

Unfortunately, this dream, despite how beautiful it is, is no

more than a dream. As yet there is not the slightest real basis o

thinking that mankind can create rockets capable of linking us with

other stellar worlds.

To me personally this conclusion is very unpleasant. It would

be very nice to knwow a way of reaching the di3tant stars. Unfortunate-

ly however, all of the talk about photon rockets cannot be rated as

more than very attractive but nevertheless a very baseless fiction.
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shaall endeavor to ob4eotjql stt l heTI*l, Ua~I n

~he 'ea~r ay ec~d whthe~ ijudgmen-V so categoricai ~~s ite

comforting is fair.

The st-ar closest- to the sur. (Proximua r )I¾2

distance from us. To reach this star, a -rocket n-is

at liast co noara-ble to the speed 0-f lght. 0teIs S~ e ::~r

- would last for tens of thousands of ye ars o

of ±00 kilometers Der second, Ahic s very r e s ea1C. I fo: rt-

planatary -ci1eIt would take ab'!out. -yearQ s to -0

constellation Centaurp.

At a veloc-ity of 100,,000- kilmeer or seý-:oc th -§L- fJi

would take 28-30 years., a considerabl1e but- ace~oa 2eti13 n~

order to sh-orten the period, of interst1-ellar." 71ave to ClZi~

the photon "rcket was called u:?,on.

"SUBMATM7ST Cn RO0~KT L FUD233T T~~~YZY

Fir'st of- all let us endeavor t-o e, ral tt e thRe M asýo ~~

a rocket, in other words,; all of its mas s ;Ct. the excotor _Of u

Actually, t~here is rich materialJ here for a ~lgto

but let us say that one hý.mdred thousa-nd Itors iSth m-n L-" V -a I'aLe

which may be t aken (for even In fantasy It rsnesesary -1- ~eser- a

c ons c Iences)

At frtgLance the figuare is -colog~sscal. 77t Yis worh rý

h-owever, that the displiacement of thelargest 3c& vessels reah

50-80 thousand tons., The dimensions of t~heS-A yrc-sace-b

conceived small.er simply because, as we avei a!ra~~nldd

colossal stor-e of fuel. is needed a-rd m.wt be I -e t"Bo -x-- e WneIe e Th e

body also mstbe immeasurably atronge r I h.a;n ta fabats;

F11D-IrT-6 4-69 10'+2+4



yOU See, t .. haviest ariler ire is like childs play compared with

the c ontin' ou.- bombardment by m~teorites and interstellar gas Which

awaits the rocket in its path.

In attempting to evaluate the mass of the rocket ItU is Dossible,

of course, to neglect eaunmnt scient`ific apparatus, and all of the

complex devices for flight control, but the rocket engine may niot be

dropped. Unuasuallly po.W~erful and based, certainly, on at~omic energy

arnd cons~q~uently enclosed in an exceptionally heavy shield, the engine

alone must weigh at least ten thousand tonF.

In brief, the most avid enthusiast muast agree that if -e estIrmate

the total mass of the rocket, at. J00 iEthousand tons we have already

uneestimated it by a factor of t.en. Lnd if we later verify this

figure 1,t1 will only be because t',he baseslessness of t-he idea of inter

stellar flight has become very clear.

Let us make a concession. to t-he dreamers and, having manifested

the well1-known .l ayf~ulness of thought, iLmagine that the body of ou~r

ship successfully vithstands coll1-sion wIt-h cosmic dust and. shields

out' cosmic radiation. Generally speading, no ulturabody is of any e

at such velocities but let us assume that ive have copDed with this

urob-lem.

The fapct is that so much thought has been given to the engine

thtthere h-as been lit tle Interest' in other undeslrable aspects.
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Prob-lem numnber o~ ul

chemicall fuel must e rejeclted at o yIonce an-d Irrlevocably. Actlalyt

mas 0 pose sses e ~ '!i4ti -- aa-- '

4-c

and the! reit4e" idu:.~rv th ~ir

stMn 7-- orde to- -j-~ -Car 1is I.- t 's: A4i4

funr e ar ro-aequlrTT

f0r7" sae of cala rt4 Cha~ .;et _'r

dischIla-rge ISclua- .~,fuze n

might be i a nuoea reato at nlerful

A t frs 'g-lanlc-e altoln~c s vr~te~>~& - A'--& -r

of anyotcrc l ,l. 4-1-r~I ov~A o~.JO

- -A- fl 0t mia 4s r~-'--j -,e. ed ct4fl rt-

ot B-4 a4~Wi e ~ sa~r O tE n e N-7 Ii' t.!oV+ 'lia

patAle h-'; Pn -nn',,- f sý

fo ockets- s:in:-:- t-is t-ost imageine a .reser vo,..r for



antiparticles. Having touched the walls they instantaneously eAxp-le

with incredible force after which the rocketship and crew are dis-

patcheJ straightway to the "upper world". There is no value in

going over all the other argiuments against the reality o1' an "antifuel"

since they are very numerous and since we are flying "only" to the

constellation Centaur it is possible to manage uithout antimatter,

having reconciled ourselves with typical fuel. It is possible to

calculate either on the basis of the already mastered disintegra-

tion of heavy nuclei or of the thermal-nuclear reactions for synthe-

sizing light nuclei, the energy base of the near future. In this case,

in order to disperse one kilogram of mass at a velocity of 100,000

kilometers per second only a few, possibly ten, kilograms of fuel are

required.

Incidentally, this atomic fuel is also not very realistic. The

energy it must liberate is fantastically great-- immeasurably greater

than is liberated during nuclear reactionts known at this time.

Remembering that in the process of traveling the ship must

gather up speed at least two times (when lifting-off from the earth

and when taking up the return path to the earth) aMn must cancel it

two times (when approaching the star and the earth), we conclude

that for every kilogram of rocket payload It is necessary to take, as

amin-imum, 10 tons of nuclear fuel. This is demonstrated by simple

calculation which need not be presented here.

Thus, if the payload is 100 thousand tons, the initial mass of

the rocket grows to a minimum of one billion tonst

Let us now attempt to ponder how powerful the engine of this

interstellar gaint must be. Simple calculation says: for a rocket

with a mass of a billion tons even an acceleration of im/sec , which



L8 tiny for interstellar flight, the energy of the thrust stream

ejected per second amounts to a hardly comprehensible value of 10 26-

10 27 ergs.

It is somewhat difficult to explain these figures in earthly

terms. The total energy obta.ned by the earth ffroin the sun each

second is about 550 times less. In order to develop 10 2 7ergs ±t is

necessary to completely "cremate" 1100 kilograms of mass each second.

In other words, this energy may be obtained by exploding about a

million atomic bombsi1

This energy is so improbably vast that it is possible to perm4it

oneself a broad merchant. s gesture and reduced it by one hund-Ted, one

thousand, if you wish, ten thousand times. It is equally Lmpossible

to produce a rocket engine with a power of i027 erg/sec or with a

power of 1023erg/sec. In both cases the generated energy would in-

stantly reduce the interstellar ship to ashes. Here we must :.eep in

view the fact that all the time we have been going in the direction

of improving the conditions of flight, the values of rocket mass and

acceleration were assiduously underestimated.
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And nevertheless, "subrelativistic" rockets are nothing more than

poor relatives to "true relativistica rockets - the subjugators of the

c osmos.

FLIGHT TO TIE DEPTH OF THE GALAXY - FANTASY BEYOND THE LINT OF "%OOD

AND EVIL"

Usually when someone writes about photon starflyers he by no

means has in mind such "modest" rockets as we have mentioned above.

Nol He has in mind interstellar craft with velocities approaching

that of light.

The dimensions of our galaxy are on the order of hundreds of

thousands of light years. The period of each expedition is naturally

limited by the duration of human life. It would seem that with any

conceivable and inconceivable technological accomplishments, man is

doomed to remain within an insignificant island within several tens

of light years. But it is assumed that, proceeding _ Einstein-s

theory, the'passage of time on a rocket at velocities close to the

speed Of light makes it possible, at least- in theory, to reach the

farthest corners of the universe. Thus it seems that the rocket

sMceeds in gathering the necessary speed in about 10 of its o. ný years.
-,th an acceleration of i0m/sec2 it is possible to attain the velocity

needed to fly around the galaxy within the period of a human lifetime.

Thus it is that from this aspect everything is more or less in order.

Actually, having returned to the earth, where during the perilod

of the journey hundreds and thousands of years have passed, the

travelers will find an altogether new humanity. But the grandeur

of the problem, undoubtedly, is requited by the "sacrifices" associated

with a flight into "eternity".

It Is "simply" a matter of attaining a velocity approaching, as
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a maximum, the speed of light.

As the speed of light is approached, the mass approaches in-

finity and a continuously increasing expendure of fuel is required

in order to accelerate the rocket. Fuel will be burned many thousands

of time3 faster than in "modest" subrelativistic rockets.

But let '.s assume that some remarkable means has made it possible

to produce an engine which safely developes the monstrous energies

required to accelerate the ship at velocities approaching that of

light*

Let us further assume that an amazing nuclear superfuel has been

obtained with an energy release of unity (the total reacting mass con-

verted to radiation).

It then turns out that in order to bring the rocket to a velocity

of 0.9999 that of light (at such a velocity the radius of action of

the rocket is limited by a reasonable period of travel - only hundreds

of light years total) requires about 140 kilograms of fuel for each

kilogram of rocket payload. Taking into account the fact that in

each Journey there are a minimum of two accelerations and two de-

ccelerations, we find that the mass of fuel exceeds the payload by a

factor of four hundred million.

It may be noted, Just for the intereslj that ata velocity necessary

for flying around the galaxy in a reasonable period, the fuel mass

would be approximately i0 7 times greater than the rocket payload.

Taking, as before, the useful mass at one hundred thousand tons,

"1a laughably small value of course", we obtain a total mass of -022

tons. For comparison - the mass of the earth is 6.i02 i tons.

only a couple( words MifTice for the idea of the "flying tube",

as the through-feed photon rocket is called. It is thought that

-.8-



inters 4a Tj ___ ar au....t�__a sub-stance dragged in from the cosmos may be used as the

fuel. thus De~-,i ng a reduction in the initial fuel supply. We are

distracted from all of the difficulties. We agree that ntrtla

substances can be turned into an ideal fuel. Nevertheless, juch an

engine does not essentially save the -osit.o A1t4 "low" velocities

(to 200 thousand kilometers per second) too little substance (fuel)

reaches the rocket. But during sub-lIght flght,.s the effe'tiveness

of the feed-th-rough engine becomes insigni.-ficant: the difference

between the velocities of pa es drawn in and elected will be "

small.

D-RWISA MNhD POSSIKILLT=S

Perhaps it "can be sai that;. t.he idea of the photon r"ocket. is

evidence olf a certain Ilrd-ted quality in hL maginativeness.

Usu'-lyevn i 'antas~es, the -io-st, trodden and most erroneous path,

t5he moratrous exaggeration of known mearus is followed.

r--e Greeks endowed the Godsi with re~markablle horses and char-iots,,

not spet the at- t.•-Z-•• •••. off steam. And in the century ofP

M•M •..-'* S * I

*ji l il 4.i -i rol - ,nll II -l I l l
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steaM machines people imagined stupendous steam vehicles, not Imagin-

inrg internal combustion engines.

In ancient stories the moon was reached on backs of enormous

birds and in the 19th century Edgar Allan Poe sent a&n air balloon.

-%

In our time, the time of rockets and nuclear energy, photon

rockets have naturally and unavoidably "appeared". And, of course,

the story repeats itself. If the stars are ever to be reached the

Journey will be accomplished by some means which is completely incon-

ceivable and improbable to us.

In conc.lusion permit me to answer a question which may have

arisen during the reading of these pages. Is it sensible to attack
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t-he p-r:- - roc--e Q qenrv&1y? Certainly th--e drea-m of r' ±~ to 'th-

bi-,a ts I~eq t ae:a-sensbl

The 2ri.eajnIiwndrb I.t is necessary toJ _ -n~Ly

s wod-u Ia --

. es' 01 MIotVeS. Li" ` fat U- Jvsr ~ ~ ;~~cn

not Iv e st ig a f'cr tI.hemselves axid muast rl on zormeones- io v-. As a

fýe ýeca4.-s. or- encounter a qs 0r'lou diqrcu~s-or ofý the -* a

L~ 'jtu hieri or on fxrequnc - 1 -should-in

P t e Lm n e-*ssion- sho ul no t b e created that tem 2-:f

-ea'r a-, tht here is rataly no ti:me t~o ithln ELu e-eiz

nro lect~s. Scienc~e needs no public ity.

sLe sarsl, cannot- be -eached 1wituh nac-lear- fuels, r1 ot - ý h an7

kindof uie-ulta-etramatrial, not .,it+h any phto--o- rocket.

Someting rko-wan is needed. Something as unJlmorm as t-he atomi~c

p)o'ver stat-ion w.as to Pit-hecanthropus.

A nai-ve, un.-asonable., ch-1ildish, but Ineraticalbm - th nti

kcxnrmai ns -7h ne and, undoubtly~ wlt-h evei man of or~;~~
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