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ABSTRACT 

This work is concerned with some of the problems of transmission 

of live color television information from a ground station, via relay 

satellite, to an earth orbiting space base (and vice versa). This is 

an introductory study and will be followed by a more detailed investi- 

gation, especially of digital techniques for use in this situation. 
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CHAPTER I - INTRODUCTION 

The a r t i f i c i a l  sa te l l i t e  has  va r ious  a p p l i c a t i o n s ,  and among t h e s e  

a p p l i c a t i o n s  i s  i t s  use  as a communication s a t e l l i t e .  It i s  used t o  r e l a y  

messages and l ive  t e l e v i s i o n  programs from one cont inent  t o  another  on 

e a r t h ,  and t o  t r ansmi t  vo ices  and p i c t u r e s  from t h e  moon t o  t h e  e a r t h .  

Likewise, i t  i s  used t o  t r ansmi t  p i c t u r e s  of t h e  s u r f a c e  of Mars t o  t h e  

e a r t h ,  and p i c t u r e s  of t h e  e a r t h  t o  t h e  e a r t h .  A l l  t he se  examples i n d i c a t e  

t h e  c a p a b i l i t i e s  of t h e  communication s a t e l l i t e  and i l l u s t r a t e  t h e  advances 

made i n  communication technology i n  r e c e n t  yea r s .  

t h a t  w i t h  p e r s i s t e n t  e f f o r t  many more va luab le  uses  can be  made of t h e  

communication sa te l l i t e .  

Hence i t  i s  be l i eved  

Presented  i n  t h i s  paper  i s  ano the r  a p p l i c a t i o n  of t h e  s a t e l l i t e .  

This a p p l i c a t i o n  w i l l  c o n s t i t u t e  t h e  co lo r  t e l e v i s i o n  system f o r  a manned 

space base .  The system c o n s i s t s  of one s a t e l l i t e  which is  i n  p o l a r  o r b i t  

and on which t h e  manned space  s t a t i o n  i s  based, t h r e e  synchronous satel- 

l i t es  (syncoms) i n  s t a t i o n a r y  e q u a t o r i a l  o r b i t  and t h e  ground s t a t i o n ,  It 

is  t h e  purpose of t h i s  paper  t o  desc r ibe  a p o s s i b l e  des ign  f o r  t h i s  system. 

The d e t a i l s  are contained i n  Chapters 11, I11 and I V .  

The requirement f o r  t h e  a f o r e s a i d  t e l e v i s i o n  system arises when t h e  

p o l a r  o r b i t  s p a c e c r a f t  mentioned above i s  manned wi th  s c i e n t i s t s  and used 

as a s c i e n t i f i c  s a t e l l i t e  t o  s tudy  t h e  e a r t h  and i t  i s  necessary  t o  observe 

the  a c t i v i t i e s  of s c i e n t i s t s  i n  s p a c e c r a f t  from t h e  e a r t h ,  say a t  Houston, 

Texas, and meanwhile g ive  them i n s t r u c t i o n s  as t o  what t o  do i n  space.  I n  

t h i s  case, the  system t r ansmi t s  t e l e v i s i o n ,  vo ice ,  and te lemet ry  d a t a  from 

a s i n g l e  e a r t h  s t a t i o n  t o  the  space base  by way of the  synchronous sa te l l i t e ,  
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and likewise transmit TV, voice, and data from the space base by way of 

the syncoms to the earth statfon. 
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CHAPTER I1 - INVESTIGATION OF SPACE-BASED TELEVISION SYSTEM 

I n  t h i s  chap te r  w e  are concerned wi th  t h e  problem of how t h e  space- 

based t e l e v i s i o n  system w i l l  work i f  a c t u a l l y  set  up. 

purpose an a n a l y s i s  is given below: 

To serve t h i s  

A. Components of t h e  system 

As s t a t e d  i n  Chapter I t h e  system is  composed of a space-based 

t e l e v i s i o n  s t a t i o n ,  t h r e e  syncoms and a ground s t a t i o n .  The space  s t a t i o n  

i s  i n  a p o l a r  o r b i t .  

l a r  t o  t h e  e q u a t o r i a l  p lane  and i s  i n  r o t a t i o n  about t h e  p o l a r  axis due t o  

t h e  motion of t.he e a r t h .  The t h r e e  syncoms which are equa l ly  spaced i n  

t h e i r  o r b i t  are a t  such an a l t i t u d e  t h a t  they have a pe r iod  of 24 hours  

and appear s t a t i o n a r y  when observed from t h e  e a r t h .  

showing these  satell i tes.  

The p l ane  a s s o c i a t e d  wi th  t h i s  o r b i t  is perpendicu- 

Fig.  1 i s  a diagram 

B. Communication l i n k  

When t ransmiss ion  occurs ,  a communication l i n k  w i l l  e x i s t  between 

t h e  space  base,  one of t h e  syncoms and t h e  ground s t a t i o n .  

w i l l  t r a v e l  bo th  ways. 

The s i g n a l s  

The p o s s i b l e  l i n k s  are: - 1. 

2. 

3 .  Space base  7 Syncom 7 Syncom Ground s t a t i o n  

The f i r s t  l i n k  ex is t s  only when t h e  ground s t a t i o n  i s  be ing  

Space base  c-- Ground s t a t i o n  

Space base  -- Syncom +- Ground s t a t i o n  

i l l u m i n a t e d  by t h e  sa te l l i t e  on which t h e  space  s t a t i o n  is based. 

t h i s  type  l i n k  is no t  very u s e f u l  s i n c e  con tac t  i s  p o s s i b l e  f o r  on ly  a 

However, 

small percentage  of t h e  t i m e .  



Syncom 
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Fig.1 Relay satell i te and the manned space base 
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-- 

Fig. 2 Orbit geometry 
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The second type  of l i n k  e x i s t s  when t h e  space and t h e  ground 

s t a t i o n s  are be ing  i l l umina ted  by t h e  same syncom. 

The t h i r d  type  l i n k  e x i s t s  when t h e  space  and the  ground s t a t i o n s  

I n  a d d i t i o n  t o  t h e  t rack-  are be ing  i l l umina ted  by two d i f f e r e n t  syncoms. 

i n g  f a c i l i t i e s  needed, far more t r a n s m i t t i n g  power w i l l  be  r equ i r ed  f o r  

t h e  much longer  d i s t a n c e  t o  be covered i n  t h i s  case. 

C. Dis tance  of t ransmiss ion  

The d i s t a n c e  between a t r a n s m i t t i n g  and a r ece iv ing  s t a t i o n  is  

very important  i n  t h e  design because of i t s  g r e a t  e f f e c t  on the  power 

r equ i r ed  f o r  t ransmiss ion .  For any two s t a t i o n s  involved i n  t h e  system 

t h e  d i s t a n c e  between them can be c a l c u l a t e d  us ing  some knowledge of geom- 

e t r y  and t r igonometry.  Three cases are considered here .  

Case 1. Space base Syncom 

Refer t o  F ig .  3 .  It can be shown t h a t  t he  d i s t a n c e  is  given by 

where D = d i s t ance ,  m i l e s  

R = r ad ius  of e a r t h ,  miles 

= 4,000 miles 

hSB = a l t i t u d e  of space base ,  m i l e s  

hSyN = a l t i t u d e  of syncom, miles 

= 22,300 miles 

0 = angle ,  degrees  

4 = angle ,  degrees  

SYN From t h i s  equat ion  i t  can be seen  t h a t  f o r  given values of R and h 

t h e  d i s t a n c e  is  dependent on t h e  a l t i t u d e  of t h e  space base and i t s  o r b i t a l  



Polar axis 
/ 

7 Orbit of the space base 

Fig. 3 'Determination of distance 
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p o s i t i o n .  Fu r the r ,  i f  t h e  a l t i t u d e  i s  f i x e d ,  t h e  d i s t a n c e  w i l l  vary wi th  

the  o r b i t a l  p o s i t i o n  only.  Three s p e c i a l  cases are c i t e d  below. 

a) When the  space  base  is  d i r e c t l y  above the  Pole,  i , e .  Q; = 60" 

and 0 = 0 o r  180" 

D = D  max 

b) When t h e  space base is  d i r e c t l y  below t h e  syncom, i .e ,  Q; = 0 

and 0 = 90" 

'min D =  

c) 

any two syncoms, i .e .  Q; = 60" o r  -60" and 0 = 90' 

When t h e  space base i s  on the  equator  and ha l f  way between 

Case 2. Ground s t a t i o n  Syncom 

With r e fe rence  t o  Fig.  2, t h i s  d i s t a n c e  i s  given by 

s in (90"  - 9 - 0/2) 
cos J, = (R -t h)  

-1 R s in [90"  - $ - s i n  (- R + h cos $11 
cos J, = (R 4- h )  

where D = d i s t ance ,  miles 

h = a l t i t u d e  of syncom, m i l e s  

= 22,300 miles 

R = r ad ius  of e a r t h ,  m i l e s  

= 4,000 miles 



9 

$ = e l e v a t i o n  angle  of ground antenna,  degrees 

0 = v i s i o n  angle ,  degrees 

4 = c e n t r a l  angle ,  degrees  

For given values of R and h,  t h e  d i s t a n c e  depends on t h e  e l e v a t i o n  

angle  of ground antenna, J , o  When J, = 0, D a t t a i n s  maximum and i t s  value i s  

D = (R + h)sin[9O0 - J, - s i n  -l (x 11 max 

= 26,000 mi les  

- Case 3. Syncom - Syncom 

Refer t o  Fig.  4 .  The d i s t a n c e  i s  given by 

D = 2 ( R  + h)  cos 30' 

= 45,600 miles  

where D = d i s t a n c e ,  miles 

h = a l t i t u d e  of syncom, miles 

= 22,300 miles 

R = r ad ius  of e a r t h  

= 4,000 miles 



Overlap area 

mi Area not covered(po1ar regions) , 

$ '. 
Fig, 4 Geometry of stationary orbi t  
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CHAPTER I11 - SYSTEM COMMUNICATION REQUIREMENTS 

The ope ra t ion  of t h e  space  communication system is  l i m i t e d  by a 

number of f a c t o r s ,  such ae t h e  a l t i t u d e  and i n c l i n a t i o n  of t h e  space- 

c r a f t ,  t h e  number of s p a c e c r a f t  needed, power, range, bandwidth and 

r e c e i v e r  s e n s i t i v i t y .  Based on t h e s e  c o n s t r a i n t s  requirements f o r  t h e  

proposed t e l e v i s i o n  system, which m u s t  be met by t h a t  system, can be set 

f o r t h  as follows: 

A. Number and o r b i t  of communication 
satel l i tes  3 - S t a t i o n a r y  o r b i t  

B. A l t i t u d e  of manned space base  
above mean rad ius  of e a r t h  350 miles 

C .  Frequency range 

Down l i n k  

Up l i n k  

D. Baseband bandwidth 

1,550 - 5,200 MHz (S band) 

5,200 - 10,900 MHz (X band) 

5 mz 
E. Minimum SNR a t  t e rmina l  r e c e i v e r  36 dB 

F. Maximum power of t r a n s m i t t e r  

Space base No l i m i t  

Ground No l i m i t  

Syncom 100 w a t t s / r e p e a t e r  

J u s t i f i c a t i o n s  f o r  each l i s t e d  i t e m  are given below. 

A. Number and o r b i t  of communication satell i tes 

It is  a f a c t  t h a t  whi le  a non-synchronous satel l i te  i s  o r b i t i n g ,  

t h e  l eng th  of t i m e  f o r  a c e r t a i n  ground s t a t i o n  t o  communicate d i r e c t l y  

wi th  i t  is  l i m i t e d .  I f  f o r  some reason an unl imi ted  time of communica- 

t i o n  between such two s t a t i o n s  is des i r ed ,  i t  i s  necessary t o  use 
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synchronous r e l a y  communication satell i tes.  I n  t h i s  case t h e  syncom 

is  used t o  r e l a y  vo ice  o r  p i c t u r e  s i g n a l  one way o r  t h e  o the r .  It has  

been shown t h a t  t h r e e  syncoms w i l l  be enough f o r  t h i s  purpose. Then 

t h e  communication l i n k  exis ts  a t  any t i m e  no matter what t h e  o r b i t a l  

p o s i t i o n  of t h e  sa te l l i t e  is. 

B. A l t i t u d e  of space base  

The a l t i t u d e  of a space base  is  p r imar i ly  determined by the  

mission t o  be  accomplished. I n  t h i s  paper  i t  has  been assumed t h a t  t h e  

space base  ca r ry ing  s c i e n t i s t s  i s  used as a s c i e n t i f i c  sa te l l i t e  t o  

s tudy  t h e  e a r t h .  Then i t  should be  low enough t o  c a r r y  out  t h e  t a s k  

assigned.  However, i f  t he  space base  i s  too  low, i t  w i l l  move i n  t h e  

reg ion  where t h e r e  i s  s t i l l  an apprec i ab le  e f f e c t  of a i r  r e s i s t a n c e  and 

gradual ly  descend toward e a r t h  r e s u l t i n g  i n  a s h o r t  l i f e .  The l i m i t  i s  

usua l ly  on the  o rde r  of 100 miles, based on p a s t  experience.  

350 miles i s  chosen f o r  t h e  d e s i r e d  a l t i t u d e .  

Therefore ,  

C.  Frequency range 

I n  communication, frequency always in f luences  r ad io  t ransmis-  

s i o n  t o  a l a r g e  e x t e n t .  

g l ec t ed  i t s  s e l e c t i o n  i s  mainly determined by t h e  n o i s e  of t h e  r ece iv ing  

system and t h e  l o s s e s  of propagat ion between t h e  t r ansmi t t i ng  and receiv- 

i n g  antennas.  However, frequency band a l l o c a t i o n s  f o r  space communica- 

t i o n  purposes were a l r eady  agreed upon during t h e  1963 I n t e r n a t i o n a l  

Conference. Besides ,  NASA has S band (1,550 - 5,200 MHz) equipment 

developed, and any new equipment w i l l  probably be a t  X band (5,200 - 

10,900 MHz). I n  cons idera t ion  of t h e s e  f a c t s  t h e  s e l e c t e d  frequency 

With t h e  r e f r a c t i o n  and Faraday e f f e c t s  ne- 

ranges are S band f o r  t h e  down l i n k  and X band f o r  t h e  up l i n k .  

w i l l  i l l u s t r a t e  t h e  use of both t h e s e  frequency ranges.  

This  
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D. Baseband bandwidth 

Most u s e f u l  s i g n a l s  are bandl imited,  b u t  t h e i r  bandwidths vary  

wi th  t h e  types of t h e  s i g n a l s  involved.  

i s  about  3 KHz. The bandwidth of a v ideo  s i g n a l  depends on t h e  reso lu-  

t i o n  and t h e  frame rate used. For a n a l y s i s  i n  t h i s  paper  t h e  video 

s i g n a l  i s  assumed t o  conform t o  t h e  commercial TV s tandard ,  corresponding 

t o  a r e s o l u t i o n  of 525x525 l ines  and frame rate of 30 frames/sec. So t h e  

c a l c u l a t e d  bandwidth is 

For a vo ice  s i g n a l  t h e  bandwidth 

1 2  W = ~ 5 2 5  x30 = 4.2 MHz 

Making allowance f o r  t h e  synchroniza t ion ,  t h e  chrominance and t h e  sound 

components, 5 MHz is taken as t h e  a c t u a l  bandwidth and w i l l  be  used 

throughout t h i s  a n a l y s i s .  

E .  Signal-to-noise r a t i o  (SNR) 

The pos tde tec t ion  s ignal- to-noise  r a t i o  (SNR) i s  one of t h e  more 

c r i t i c a l  system parameters .  

designed communication system, the  requi red  SNR is p r imar i ly  determined by 

human f a c t o r s .  

r e a c t i o n  t o  t e l e v i s i o n  p i c t u r e s  having va r ious  s ignal- to-noise  r a t i o s .  

Fig.  5 de f ines  SNR i n  terms of TASO* Grades and shows t h e  o v e r a l l  r e s u l t s  

of numerous s u b j e c t i v e  tests. It should be noted  t h a t  t he  SNR of F ig .  5 

i s  def ined  as t h e  r m s  value of sync- t ip  t o  rms noise .  

t h e  o r d i n a t e  of Fig.  5 should be  reduced by 0.8 dB t g  convert  them t o  

black-to-white s i g n a l  t o  r m s  no i se .  Fig.  6 summarizes t h e  SNR requi re -  

ments f o r  a 525 l i n e  system and shows t h a t  e i t h e r  monochrome o r  c o l o r  

p i c t u r e s  r e q u i r e  s u b s t a n t i a l l y  t h e  same SNR. Hence, from Fig .  6, 36 dB i s  

taken as t h e  r equ i r ed  SNR. 

While i t  i s  a measure of s e n s i t i v i t y  of a 

Sub jec t ive  tests have been conducted t o  evaluate viewers' 

The SNR'S a long  

*Televis ion Al loca t ions  Study Organizat ion 
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.- 
m 
c) 

42 c / 

*Fig. 5 Sub jec t ive  test  of t e l e v i s i o n  system 

*Fig. 6 SNR requirement 

*These two f i g u r e s  are taken,,from t h e  paper  by John D. X ies l ing  
I 

e n t i t l e d  "Spaceborne Transmitter cor  Direct Color Te lev i s ion  Transmis- 

s i o n  From S a t e l l i t e s " .  
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F. Maximum power output  of t r a n s m i t t e r s  

The power output  of a t r a n s m i t t e r  determines t h e  performance of 

a communication system t o  a l a r g e  ex ten t .  

i npu t .  

energy through energy conversion. 

Of course,  i t  needs a power 

Usually,  t h i s  power is  supp l i ed  from s o l a r ,  nuc lea r  o r  chemical 

To s a t i s f y  the  power requirement i n  t h i s  paper,  t h e  nuc lea r  

energy source  is assumed f o r  t h e  t r a n s m i t t e r  of t h e  space base  s i n c e  i t  

i s  almost un l imi ted  i n  power. I n  a d d i t i o n ,  gene ra l  advantages of nuc lea r  

system inc lude  the  n e g l i g i b l e  effect  of the  space  environment and tempera- 

t u r e  v a r i a t i o n s  on r e l i a b i l i t y  and l i f e ,  ope ra t ion  independent of space- 

c r a f t  o r i e n t a t i o n ,  extremely h igh  wat thours  p e r  kilogram, and continuous 

power, s i n c e  no s t o r a g e  is  requi red  f o r  ope ra t ion  i n  t h e  shadow. 

The r e p e a t e r  i s  t h e  power source  of t h e  syncoms. It has  d u a l  

func t ions :  

quency. 

gain.  Its power ou tpu t ,  however, is l i m i t e d  by h e a t  d i s s i p a t i o n .  A t  

p r e s e n t  t he  maximum output  of a v a i l a b l e  r e p e a t e r s  is about 100 watts. 

This va lue  w i l l  be  used f o r  t he  des ign  la te r  i n  t h i s  paper.  

t o  receive and t o  r e t r ansmi t  a s i g n a l  a t  h igher  o r  lower f r e -  

It conta ins  a travell ing-wave tube (TWT) and has  a h igh  power 
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C W T E R  IV - RECOMMENDED SYSTEM DESIGN 

In this chapter a design for the proposed color television system 

is recommended based on the requirements formulated in Chapter 111. 

A. Summary of Design 

1. System 

a. Frequency of carriers 

1) Between ground station 
and syncom 

2) Between space base and 
qyncom 

b. Modulation 

1) Mode 

2) Modulation index 

3) Threshold 

c. Transmission bandwidth 

1) FM transmission 
bandwidth 

5,900 MHz(Up) and 3,000 MHz(Down) 

2,900 MHz(Down) and 6,000 MHz(Up) 

FM 

1,o 

10 dB 

20 MHZ 

2) Complementary bandwidth 
including the synchron- 
ization, chrominance and 
sound components 10 MHZ 

3) Total transmission 
bandwidth 30 MHz 

d. Signal-to-noise ratio (SNR) 

1) At ground station 39.1 dB 

2)  At space base 36.1 dB 

For noise improvement pre-emphasis and de-emphasis filters 

are included in terminal transmitters and receivers. 



e. Tracking 

Tracking i s  accomplished from syncom t o  space base  us ing  r a d a r  

beacons e 

2. Syncom 

a. Repeater 

1) Number 

2) Gain 

3) Power output  

No. 1 ( f o r  re t ransmis-  
s i o n  t o  space  base)  

No. 2 ( f o r  re t ransmis-  
s i o n  t o  ground s t a t i o n )  

b. Antenna 

1) Type 

2)  Diameter 

3) Equivalent  no i se  
temp era t u r  e (ENT) 

3 .  Space base 

a. Antenna 

1) Type 

2) Diameter 

3) Equivalent  n o i s e  temper- 
a t u r e  (ENT) ( inc luding  
f eede r  and receiver) 

b. Power output  of t r a n s m i t t e r  

c. Power i n p u t  of receiver 

d. Power source  

4. Ground s t a t i o n  

a.' Antenna 

2 

100 dB 

100 watts 

6 . 3  watts 

Pa rabo l i c ,  s t e e r a b l e  

1 f t  

1,500"K 

Parabo l i c  

24 f t  

800°K 

2.5 KW 

3 .  16x10-12watt 

Nuclear 
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1) Type Pa rabo l i c  

2) Diameter 60 f t  

3) Eleva t ion  angle  5" 

4 )  Equivalent  no i se  temper- 
a t u r e  (ENT) ( inc luding  
f eede r  and receiver) 300°K 

b .  Power output  of t r a n s m i t t e r  8 KW 

c. Power inpu t  of receiver 2. 5x10-12wat t 

d. Power source  Conventional 

B. Design Equations 

L i s t e d  below are t h e  equat ions app l i ed  t o  t h i s  design.  The i r  der iva-  

t i o n  i s  omit ted,  b u t  r e fe rence  is  i n d i c a t e d  f o r  each of them f n  the  

fo l lowing  bracke t .  

1. FM t ransmiss ion  bandwidth [Ref. 11, P.  1711 

B(MHz) = 2 ( 8  + l)W(MHz) 

2. Gain of p a r a b o l i c  antenna [Ref. 171 

G = 5 . 5 ~ 1 O - ~ f ~ ( M H z ) x d ~ ( f t )  o r  

G(dB) = 20logf (WZ)  + 2010gd( f t )  -52.6 

3. Beamwidth of p a r a b o l i c  antenna [Ref. 1 7 1  

0 0 5 30" - 70000 - 
f (MHz)xd(ft) 

4 .  Half c e n t r a l  angle  

1 
= - + O  - 20" 1 ;20 

5. Transmission d i s t a n c e  between syncom and 
ground s t a t i o n  

s in(90"  - $ - @/2) 
cos JI D(Mi1es) = (R + h)  

6 .  Transmission d i s t a n c e  between space base  
and syncom 

[Fig.  21 

[Ref. 171 

[P. 51 

D (Miles) 
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7. Free  space p a t h  l o s s  [Ref. 7, P. 1441 

L (Miles) = 4 . 5 5 ~ 1 0  3 2  f (MHz)xD2(Miles) o r  
P 

Lp (dB) = 36.6 + 20logf (MHz) + 20logD(Miles) 

8. Power r ece ived  [Ref. 7, PP. 145, 3-48] 

9.  Noise power d e n s i t y  

TI (WattsIMHz) = 1 . 3 8 ~ 1 0 - ~ ~ x T ' K  o r  

Q(dBw/MHz) = -168.6 + lOlogTO 
10. Signal-to-noise r a t i o  wi thout  de-emphasis [Ref. 11, P. 1801 

C - >> 1 or N 
S 2 C 

($0 = 36 ( B  + I)($ 

11. Noise improvement f a c t o r  [Ref. 9 ,  P. 4491 

> *  o r  1 = -( 
fcu t -of f  pFM 

) - 4.8 W 
PFM(dB) = 2010g( 

cut-off 

C .  Ca lcu la t ions  

P a r t  I - From space  base t o  syncom t o  ground s t a t i o n  

Up-link 

Power output  of transmitter a t  space  base 

Gain of antenna a t  space  base  

Beamwidth of antenna a t  space  base 

Gain of antenna a t  syncom 

34 dBw 

51 dB 

0.5" 

24 dB 
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Beamwidth of antenna a t  syncom 

Distance between space  base  and syncom 

Free space  pa th  loss 

Power rece ived  a t  syncom 

Noise power dens i ty  

Noise power 

Carr ier- to-noise  r a t i o  

Down- l i n k  

Gain of antenna a t  syncom 

Beamwidth of antenna a t  syncom 

Gain of antenna a t  ground s t a t i o n  

Beamwidth of  antenna a t  ground s t a t i o n  

Half c e n t r a l  angle  

Distance between ground s t a t i o n  and syncom 

Free space  pa th  loss 

Power output  of syncom 

Power rece ived  a t  ground s t a t i o n  

Noise power dens i ty  

Noise power 

Carr ier- to-noise  r a t i o  

SNR without  de-emphasis 

Cut-off frequency of de-emphasis f i l t e r  

Noise improvement f a c t o r  

F i n a l  SNR 

P a r t  I1 - From ground s t a t i o n  t o  syncom 

Up-link 

Power output  of t r a n s m i t t e r  a t  ground s t a t i o n  

11.7' 

26,700 m i l e s  

201 dB 

-92 dBw 

-136.8 dBw/MHz 

-122 dBw 

30 dB 

17  dB 

23.3' 

53 dB 

0.39" 

73.3' 

25,300 m i l e s  

194 dB 

8 dBw 

-116 dBw 

-143.8 dBw/MHz 

-129 dBw 

1 3  dB 

20.8 dB 

0.35 MHz 

18.3 dB 

39.1 dB 

t o  space base  
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Gain of antenna a t  ground s t a t i o n  

Beamwidth of antenna a t  ground s t a t i o n  

Gain of antenna a t  syncom 

Beamfdth  of antenna a t  syncom 

Hal f -cent ra l  angle  

Distance between ground s t a t i o n  and syncom 

Free space p a t h  l o s s  

Power rece ived  a t  syneom 

Noise power dens i ty  

Noise power 

Carr ier- to-noise  r a t i o  

Down- l i n k  

Gain of antenna at syncom 

Beamwidth of antenna a t  syncom 

Gain of antenna a t  space base  

Beamwidth of antenna a t  space base  

Dis tance  between space  base and syncom 

Free space p a t h  loss  

Power output  of syncom 

Power rece ived  a t  space base  

Noise power dens i ty  

Noise power 

Carrfer- to-noise  r a t i o  

SNR without  de-emphasis 

Cut-off frequency of de-emphasis f i l t e r  

Noise improvement f a c t o r  

F i n a l  SNR 

58 dB 

0.2O 

23 dB 

11,9" 

79 O 

25,900 miles 

200 dB 

-80 dBw 

-136 8 dBw/MHz 

-122 dBw 

42 dB 

17  dB 

24 , l "  

44 dB 

lo 

26,700 m i l e s  

195 dB 

20 dBw 

-115 dBw 

-139,6 dBw/MHz 

-125 dBw 

10 dB 

17.8 dB 

0.35 MHz 

18.3 dB 

3 6 , l  dB 
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CHAPTER V - STJNMARY AND CONCLUSION 

From the  a n a l y s i s  and t h e  recommended design i n  t h i s  paper  con- 

c lus ions  can be drawn as fol lows:  

1, The designed system i s  f e a s i b l e  w i t h  a reasonably good q u a l i t y  

of TV p i c t u r e ,  

2 ,  The recommended design r e s u l t s  from compromise of numerous 

parameters ,  bu t  i t  does no t  r ep resen t  t h e  only des ign  t h a t  i s  poss ib l e .  

3, The designed system e x h i b i t s  d i f f e r e n t  performances when oper- 

a t i n g  one way and t h e  o the r ,  It is  evident  t h a t  t h e  system i s  more 

e f f i c i e n t  f o r  t ransmiss ion  from space base  t o  ground s t a t i o n  v ia  syncom 

than from ground s t a t i o n  t o  space base  v i a  syncom, 
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