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EXTRA-TERRESTRIAL RELAYS

Can Rocket Stations Give World-wide

a suitable choice of fre-

quencies and routes, to pro-
vide telephony circuits between
any two points or regions of the
earth for a large part of the time,
long-distance communication is
greatly hampered by the peculiar-
ities of the ionosphere, and there
are even occasions when it may
be impossible. A true broadcast
service, giving constant field
strength at all times over the
whole globe would be invaluable,
not to say indispensable, in a
world society.

Unsatisfactory though the tele-
phony and telegraph position is,
that of television is far worse,
since ionospheric  transmission
cannot be employed at all. The
service area of a television station,
even on a very good site, is only
about a hundred miles across. To
cover a small country such as
Great Britain would require a net-
work of transmitters, connected
by coaxial lines, waveguides or
VHF relay links. A recent theo-
retical study' has shown that such
a system would require repeaters
at intervals of fifty miles or less.
A system of thig kind could pro-
vide television coverage, at a very
considerable cost, over the whole
of a small country. It would be
out of the question to provide a
large continent with such a ser-
vice, and only the main centres
of population could be included in
the network.

The problem is equally serious
when an attempt is made to link
television services in different
parts of the globe. A relay chain
several thousand miles long would
cost millions, and ftransoceanic
services would still be impossible.
Similar considerations apply to
.the provision of wide-band fre-
quency modulation and other ser-
vices, such as high-speed facsimile
which are by their nature re-
stricted to the ultra-high-fre-
quencies.

Many may consider the solution
proposed in this discussion too far-
fetched to be taken very seriously.
Such an attitude is unreasonable,
as everything envisaged here is a

qlil‘ﬂOUGH it is possible, by

By ARTHUR C. CLARKE

logical extension of developments
in the last ten years—in particular
the perfection of the long-range
rocket of which V2 was the proto-
type. While this article was being
written, it was announced that the
Germans were considering a simi-
lar project, which they believed
possible within fifty to a hundred
years.

Before proceeding further, it is
necessary to discuss briefly certain
fundamental laws of rocket pro-
pulsion and ‘‘astronautics.”” A
rocket which achieved a suffi-
ciently great speed in flight out-
side the earh’s atmosphere would
never return. This ‘'‘orbital’’
velocity is 8 km per sec. (5 miles
per sec), and a rocket which
attained it would become an arti-
ficial satellite, circling the world

‘for ever with no expenditure of

power—a, second moon, in fact.

24

Radio Coverage ?

the atmosphere and left to broad-
cast scientific information back to
the earth. A little later, manned
rockets will be able to make simi-
lar flights with sufficient excess
power to break the orbit and re-
turn to earth.

There are an infinite number of
possible stable orbits, circular and
elliptical, in which a rocket would
remain if the initial conditions
were correct. The velocity of
8 km/sec, applies only to the
closest possible orbit, one just out-
side the atmosphere, and the
period of revolution would be
about go minutes. As the radius
of the orbit increases the velocity
decreases, since gravity is dimin-
ishing and less centrifugal force is
needed to balance it. Fig. 1 shows
this graphically. The moon, of
course, i1s a particular case and
would lie on the curves of Fig. 1
if they were produced. The pro-
posed German  space-stations
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Fig. 1. Variation of orbital period and velocity with distance from

the centre of the earth.

The German transatlantic rocket
Alo would have reached more
than half this velocity.

It will be possible in a few more
years to build radio controlled
rockets which can be steered into
such orbits beyond the limits of

would have a period of about four
and a half hours.

It will be observed that one
orbit, with a radius of 42,000 km,
has a period of exactly 24 hours.
A body in such an orbit, if its
plane coincided with that of the
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carth’s equator, would revolve
with the earth and would thus be
stationary above the same spot
on the planet. It would remain
fixed in the sky of a whole hemi-
sphere and unlike all other
heavenly bodies would neither rise
nor set. A body in a smaller orbit
would revolve more quickly than
the earth and so would rise in the
west, as indeed happens with the
inner moon of Mars.

Using material ferried up by
rockets, it would be possible to
construct a ‘‘space-station’’ in
such an orbit. The station could
be provided with living quarters,
laboratories  and everything
needed for the comfort of its crew,
who would be relieved and pro-
visioned by a regular rocket ser-
vice. This project might be under-
taken for purely scientific reasons
as it would contribute enormously
to our knowledge of astronomy,
physics and meteorology. A good
deal of literature has already been
written on the subject.?

Although such an undertaking
may seem fantastic, it requires

Fig. 2. Typical
extra-terrestrial
relay services.
Transmission from
A being relayed to
point B and area C ;
transmission from
D being relayed to
whole hemisphere.

for its fulfilment rockets only
twice as fast as those already in
the design stage. Since the gravi-
tational stresses involved in the
structure ‘are negligible, only the
very lightest materials would be
necessary and the station could be
as large as required.

Let us now suppose that such
a station were built in this orbit.
It could be provided with receiv-
ing and transmitting equipment
(the problem of power will be dis-
cussed later) and could act as a
repeater to relay transmissions be-
tween any two points on the
hemisphere beneath, using any
frequency which will penetrate the
ionosphere.  If directive arrays
were used, the power require-

. Wireless World

ments would be very small, as
direct line of sight transmission
would be used. There is the
further important point that
arrays on the earth, once set up,
could remain fixed indefinitely.
Moreover, a transmission re-
ceived from any point on the
hemisphere could be broadcast to
the whole of the visible face of

CONE OF BEAM
AND BROADCAST SERVICES

October 1945

necessary evidence by exploring
for echoes from the moon. In the
meantime we have visual evidence
that frequencies at the optical end
of the spectrum pass through with
little absorption except at certain
frequencies at which resonance
effects occur. Medium high fre-
quencies go through the E layer
twice to be reflected from the F

RADIO LINKS

ATH S
\7_Of EARIE —
___ORBIT.DL =

~— -

o, VS
STATION 2

Fig. 3. Three satellite stations would ensure complete coverage of the
globe,

the globe, and thus. the require-
ments of all possible services
would be met (Fig. 2).

It may be argued that we have
as yet no direct evidence of radio
waves passing between the surface

of the earth and outer space ; all
we can say with certainty is that
the shorter wavelengths are not
reflected back to the earth. Direct
evidence of field strength above
the earth’s atmosphere could be
obtained by V2 rocket technique,
and it is to be hoped that someone
will do something about this soon
as there must be quite a surplus

stock somewhere! ~Alternatively,
given sufficient transmitting
power, we might obtain the

layer and echoes have been re-
ceived from meteors in or above
the F layer. It scems fairly certain
that frequencies from, say, 30
Mc/s to 100,000 Mc/s could be
used without undue absorption in
the atmosphere or the ionosphere.

A single station could only pro-
vide coverage to half the globe,
and for a world service three
would be required, though more
could be readily utilised. Fig. 3
shows the simplest arrangement.
The stations would be arranged
approximately equidistantly
around the earth, and the follow-
ing longitudes appear to be suit-
able: —

30 E—Africa and Europe.
150 E—China and Oceana.
90 W—The Americas.

The stations in the chain would
be linked by radio or optical
beams, and thus any conceivable
beam or broadcast service could
be provided.

The technical problems in-
volved in the design of such sta-
tions are extremely interesting,?
but only a few can be gone into
here. Batteries of parabolic re-
flectors would be provided, of
apertures depending on the fre-
quencies employed.  Assuming
the use of 3,000 Mc/s waves,
mirrors ‘about a metre across
would beam almost all the power
on to the earth. Larger reflec-
tors could be used to illuminate
single countries or regions for the
more Testricted services, with con-
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M2y 2 MYATY DORNND Nt T oxD .20 dB-5 X0 99151 C/N ond ,17901n0 nnnTav 1o
TPNI0 MAN NVIY N . MNNDYD NN NIN YIP YYD MND ON YN0 NN NVOV 95

VNPIAN 29 DY 555 TITA NPWN RN MDY (APSK ) QPSK »non m»na nbnpnn
25 EB/NO qum19n paavpn onann wyin maay 99 112 v 99 MININ XY Eb/No
»1 5y v C/N

(12) C/IN = Eb/No x B/R

TUND
B (Hz) vyonamn
R (bps) ymnnaxp
R/B MANN DY PHIVPID MDY
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779N 3 Yapy 107 Sw MW 28PN DX R/B = 2 95 v paxdw QPSK nana Ywuny
.CIN=13dB (12) nxnwn 9o ambvs Eb/No =10 dB xn wth

C/N = 2 yn nxnvnn Sapnnn 7Tivm C/N = 13 dB nn0 wATIn TIvny X1OX jn»na
DNDN TN YT HY NYPI DY 12N NT 9T WD INna 7 dB Y rqmyr wa yn ,20 dB
IN NNVIND Y2IVIPA NHPRNN X APY TooNa ,Pattern Loss nnwvinn Y nmdxn nmona
DINYIWN MINT XY DNTY NVYPa Polarization Loss Thna ovn 20p nunvn apy
YW IPIDD PYPIPN MINNN MHNRL YPIpn Yy TN Dp owin ) Interferences onow

DONTN ONMVY 7o Swym pTIM VONNa X0 5-10 dB Yw Link Margin 1y 91y 727
.DMINI DN VION AN NNVIND DTN, NV YPION TINYD) ,DOWOV

NPPO TYNN IR WP To9 GI/T Tina N2PIN "N2IYNN NNVINNVY XIN NINK NY)

V919 (0°K) VININ DANRN NNVINIL HYN SNWID NINVITNVI NI YIPII G0 YD .XIIWN
NIVIVNV IN TPDVPIN 7YY NNVINILY YT> DY NVYAY MM YN MVIINIVPIN NP

ANV SYA0N YYIN NHNYID ODA 91 DR TINODN YT NMIVIX IWND . TB (Brightness) ny1°Nan
DOIPYY .11 PN DXTIID TSN MNNX TIT IN MYUNKRIN NNINN TIT MOVLINND TIND DI VN
N2°20N0 19 YaNN VY NODNO IRNY YT 7DMIVN NNVINIVY NNNA DIVNRNYHD MNP
N22PN NMLVIND TIND NAPIVNHN DIPINT DIAXY JY NTNAN NNVINIV .MVINRD DY NPININ

MNINAY POIND DN’ MVLIND DY NMVLNN PN MONA 300°K Ty 4°K pay 0»DI190 DY
SPNRN I

VY MOV DMNIYN NIVINY ,WNYN D1 PITI TINDN MVINRD 1AV TN T NIPNI
MIANDNN DX VN X)) NN MIVAX NN PIRDP .0 NNIN D) .,MOYN S9ORD WD

(4°K) 17noI1pn ¥pIn NMYLISNYL HY NMINN AR 0) 1IN .WHYND T DY MINNDY DIPNHY
AN 1Y D910 TAN 1DINT NYHNT DITHIN NON2 NNPHRY

A
Ry Y
L£

4
'Y she
PP

// W

~_

ypP

4

A

owv)

MVINN TIND MDINN NAAVN MNVINNY 11 PN
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NPODINOVRND DY) NIRD NTI DY DOVPINND NYNN DMIWN NNVIVNYV NN PN 12 TN
noononn MLVIX 10 GHz 97n2 » MINID 1) .MIVIND DY IXIN DI TN MY
MoyN 30 MDY NYHNDNN MOVLIN XY 100°K Sv DymY N7IVINYVL YNNI PIRND NYID

20°K Y oy 107900 IR (MNIPIVD-INY) DIPND NNYPNL A0 28N) POINRD YN

1000 T T

___ Galactic
Synchrotron
radiation Atmosphere
100
g
Ty e
Kelvins
10 Zenith angle
_+— Cosmic
Background
level
1

i

|
0-1 10 10 100
Frequency in GHz

MYONUNN NI 97H2 MINI DNYN NNVINNL 12 PN

NN T NNVINML .TA PNIDI DNHYN NINVIVNVY NYINN MVIND NINVINNYV NN ID)
n»IPN Oy TN TB(0,0) M N2 NMVLINNYL DY VPOPINN NYNN DV YONN PYNN NN
G(6,0) MmvIxn v rannn

II T8(0,)G(0,¢) sind dO d¢
(13) TA = oo

II c(0.6)sine do dé

X YD) TP 1OV 1PN NINVINNLA I YINN WYY NPHN INNN NNSY MOVIND D)
T DY NNMIN TAP 112702 MVIND DY MNXYN YYIN NNVINY

(14) Tar = [(l/ea) -1] Tp

.0.9 7y 0.8 y2a 0n ©»DI19VN PIIWY MOVINRND DY TPHINN MW NN RV €A TVNIMN

EA TUND PONY MLP NN MLIRD DY PPN NNVINLN NYAYNY DN (14) PRNYNPN
A-50p
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TNO NI 1 NNVINY L TAHTAP NIOX N MVIND PPTNA MDVPARN NNVINNLN
DY MDWN NX JIDI INYID NN’ DMINMNN DD D207 N/ NNDNN P TIT VOPNN

3 Y L(1-0 JOP) LINN TIYI NXRVIAN la NMNI VHPNPN HX MVIND Y2 YYIN PADN NN

P Yy dB m7nda La 7090 YW Ny 90mn NMYND NNYP PODNN NNAYN DY MWD
DMVYPN

(15)  La[dB] =-10 loguo (la)

- La/10
(16) la =10

la=0.97woonnn La=0.5dB HSwnb
la=0.87w>ooxnn La=1dB
la=057wroonnn La=3dB

NMVINVLN NIVIRD PPTNA .LIPNPN TIND MVINN NNVINIV DY I1IYNN NX DTN 13 PN
Ta NN NNMVINNVLN VIPNRN HOPPTN TA+HTAP NN

(a7 Ta = Tala +Tarla + To (1 - la)
IUND
Ta VYPHRN PPTNA MVIN NNVINL
TA DYHY NIVINNVLN NYIN MVIN NINVINIV
TApP 19 NIIVIVNVH NYINN MIVIN NNVINNL
To=290°K 0 nMLI90L
la 920N TY WYIN PADN NN2YN MDY

N NN YN T Tr VOPNN HY YYIN NNVIVNVY NIONNH MVIND NNVIVNV ,NDIY
Tsys NoYNN NNVINIV

(18) Tsys = Ta+ Tr

AYUND

(19) Tr = (Noise Figure—1) To
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Te o'Mmv

TA NN

NNONN WP LNA 92
Ta+ TaAP

la

1
1
. 4

Ta Ts

VPR NIVIND YYIN NNVIONYV 13 TN

NPH2UN MINNDNT

.TA=20°K N0 ©vn NMLISNL IWUNRD YPIP NN DY NN NNVIVNYV NN N¥N)I
Tap = 125 ea = 0.8 nHvw mInn My Tp = 290°K N2>20 N7IVI9NVI RSN MVIND
WYY PO MY VYPNPNY NN . Ta = 132°K v pnn »p1na bapn la = 0.8 m .73°K
OPNIWNN WYIN NNV19LY N LINF = 1.25 = 1 dB wyy miavb )ipw) Tr = 75°K vyin

207°K mnn ypapn mnna

NNVINNL XIRD NTI NN PNIN IYND PNDN VIPNN DY NIIWNN NNVINV NN RN
NVINNVA RPN PIVY MVIRD .(NIRD NTD NIVI9NY) TA=300°K NN Y DInvn
oy .Tap = 44°K a5 ea = 0.9 nbv momann m>wim Tp = 400°K 150510 n2>ao
Tr = wyy 9om msy vopnnw nMna .Ta = 333°K  voHpnn »pTna Yap»n la = 0.8 o
PN PNIWHNN WYIN NNMVI9NL N LINF = 1.4 = 1.5 dB wyy 1905 Spw) 116°K

A449°K minn

[=))= 24/

TNVPYIY MHNY MIPTL Y10 DY NN 990D 11 - DD2APN MNDIY MWL DY PINDP .0 NNIN
DOVIAPN NNYPNN OPND 1PYI NN NINNNY MHIPHINRY WTND 1) - DOPNPN DMNIINY DOYTN
DT NMNDIYN YA .NPDVVIIN TDNPN NNNND XIND NTI NN DX0INN ,MIVNN IP DyN

.29 NYYNNY DO NMVNIND NN
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Novels
« Against the Fall of Night (1948, 1953)
« The Sands of Mars (1951)
« Childhood's End (1953)
« The City and the Stars (1956)
The Deep Range (1957)
A Fall of Moondust (1961)
Glide Path (1963)
2001: A Space Odyssey (film with Stanley Kubrick) (1968)
Rendezvous with Rama (1972)
Imperial Earth (1976)
« The Fountains of Paradise (1979)
« 2010: Odyssey Two (1982)
. The Songs of Distant Earth (1986)
« 2061: Odyssey Three (1987)
« The Hammer of God (1993)
« 3001: The Final Odyssey (1997)
« A Time Odyssey (2003, 2005, 2007) a series of three novels

Short Story Collections

. Expedition to Earth (1953)

Reach for Tomorrow (1956)

Tales from the White Hart (1957)

The Other Side of the Sky (1958)

« Tales of Ten Worlds (1962)

« The Wind from the Sun (1972)

« The Best Of Arthur C. Clarke 1937-1955 (1982)
e The Sentinel (1983)

« Tales From Planet Earth (2001)

« The Collected Stories of Arthur C. Clarke (2001)

Non-Fiction

« Interplanetary Flight: an introduction to astronautics (1950)

« The Exploration of Space (1951)

The Exploration of the Moon, with R. A. Smith (1954)

The Coast of Coral (1955)

Voice Across the Sea (1958)

Profiles of the Future: An Inquiry into the Limits of the Possible (1962)
Voices from the Sky: Previews of the Coming Space Age (1965)

The Promise of Space (1968)

The View From Serendip (1977)
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