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TASK 60 TEST REPORT 
EVALUATION OF IRIG-A 21 CHANNE;?, 

CONSTANT BANDWIDTH FM MULTIPLEXER 
FOR 

SHUTTLE DEVELOPMENT FLIGHT 
INSTRUMENTATION 

1.0 SUMMARY 

A f requency modulated (FM) m u l t i p l e x e r ,  c o n s i s t i n g  of 
2 1  IRIS-A c m s t a n t  bandwidth (CBW) v o l t a g e - c o n t r o l l e d  o s c i l -  
l a t o r s  (VCO's) was t e s t e d  t o  determine i t s  s u i t a b i l i t y  f o r  
use i n  mul t ip l ex ing  2 1  d a t a  s i g n a l s  which 'have frequency 
ranges of  dc  t o  2 kHz. T e s t s *  were performed wi th  t h e  
composite s i g n a l ,  c o n s i s t i n g  of t h e  mixed o u t p u t s  of t he  
2 1  VCO's connected d i r e c t l y  t o  a s e t  of  s u b c a r r i e r  d i s c r i m i -  
n a t o r s ,  w i th  t h e  s i g n a l  recorded  or. magiietic t ape  and p layed  
back through t h e  d i s c r i m i n a t o r s  ( d i s c r . ) ,  and wi th  t h e  
s i g n a l  t r a n s m i t t e d  by a frequency-modulated (FM) S-band 
r a d i o  frequency ( r f )  t r a n s m i t t e r  t o  a 7% r e c e i v e r  and 
through t h e  s u b c a r r i e r  d i s c r i m i n a t o r s  

The t a p e  r eco rd ing  tes t s  inc luded  t e s t  cond i t ions  where 
t a p e  speed f l u t t e r  was induced t o  determine t h e  r educ t ion  
i n  f l u t t e r  n o i s e  which can be ob ta ined  by the  t ape  speed 
compensation equipment. 

The r f  t r ansmiss ion  t e s t  inc luded  t r a n s m i t t i n g  t h e  
composite s i g n a l  a t  a nominal r f  r ece ived  s i g n a l  of - 7 3  dBm 

"These t e s t s  were performed i n  t h e  Tracking and Com- 
municat ions Development l a b o r a t o r i e s  a s  S h u t t l e - i n - l i n e ,  
Task 60B, widi.tbmd s t u d i e s  and e v a l u a t i o n .  
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and a t  r f  l eve ls  of - 8 3  and -86  dBm. The leve l  of -73 dBm 
i s  t h e  e s t ima ted  minimum equ iva len t  s i g n a l  l eve l  which w i l l  
be r ece ived  from t h e  S h u t t l e  v e h i c l e  a t  a s l a n t  range of  
5 degrees .  

1.1 VCO PERFORMANCE TESTS 

These t es t s  were performed wi th  the  VCO s i g n a l s  con- 
nec ted  d i r e c t l y  t o  t h e  d i s c r i m i n a t o r s .  The tes ts  inc luded  
measurement of peak- to-peak (pk-pk) no i se  wi th  dc s i g n a l s  
a p p l i e d  t o  t h e  V C O ' s ,  d i s t o r t i o n  wi th  s ine wave s i g n a l s  
app l i ed  t o  t h e  V C O ' s ,  c r o s s t a l k  between rece ived  d a t a  
s i g n a l s ,  and phase e r r o r  between t h e  rece ived  d a t a  s i g n a l s .  

The wors t  case  t e s t  r e s u l t s  are summarized a s  fo l lows:  

Peak-to-peak no'se: 0 .6% FS a t  D R = 2  
3.9% FS a t  D R = 1  

D i s t o r t i o n :  0 . 6 5 t  a t  D R = 2  
3 0 %  a t  D R = 1  

Cross t a lk :  2 .8% a t  D R = 1  

Phase E r r o r '  19'  a t  2.0 kHz (DR=:) 
10.1 '  a t  1.0 kHz (DR=l) 
L8.4' a t  1 .0  I H z  ( D R = 2 )  

5.6' a t  0 .5  kHz (DR=2) 

1 . 2  RECORDED TESTS 

The m u l t i p l t x e r  composite s i g n a l  c o n s i s t i n g  of the  VCO 
output  s i g n a l s  was recorded on an in te rmedia l2  bandwidth 
r eco rde r  a t  a t a p e  speed of  60 inches Fer  second. The 

1 - 2  



recorded  d a t a  were p layed  back through the  s u b c a r r i e r  d i s -  
c r i m i n a t o r s  t o  de te rmine  d a t a  s i g n a l  deg rada t ion  caused by 
t h e  record inp  process .  Recordings were a l s o  made wi th  
induced t a p e  speed f l u t t e r .  The wors t  case t e s t  r e s u l t s  a re  
summarized as fol lows:  

No r e c o r d e r  f l u t t e r :  

pk-pk n o i s e  

d i s t o r t i o n  

2 . 4 %  f l u t t e r :  

pk-pk n o i s e  

?is t o r t i o n  

4.51 c l u t t e r :  

pk-pk n o i s e  

.. 
QI ;; :c r t i on 

1.8% FS a t  D R = 2  
6 .0% FS a t  D R = l  

1.0% a t  DR=2 
3.3% a t  D R = 1  

2.3% FS a t  D R = 2  
7.0% ES a t  D R = l  

1.95% a t  DR=2  
4.1% a t  D R = 1  

2,5% FS a t  DK=2 
8.0 FS a t  D R = 1  

4,1% a t  D R = 2  
5.5% a t  D R = l  

These r e s u l t s  show t h a t  t he  t ape  speed compensation 
equipment i s  e f f e c t i v e  i n  reducing no i se  on the  d a t a  s i g n a l s  
t h a t  would be caused by uncompensated t ape  speed f l u t t e r .  

The s i g n i f i c a n t l y  h i g h e r  va lues  of d i s t o r t i o n  measured 
wi th  induced f l u t t e r  a r e  caused by frequency modulation of 
t h e  d a t a  s i g n a l s  t h a t  r e s u l t s  from the  induced f l u t t e r .  The 
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tape speed compensation equipment does not  c o r r e c t  t h e  
changes i n  d a t a  s i g n a l  frequency which i s  caused by t h e  
r eco rde r  f l u t  ter  . 

1.3 RF TRANSMISSION 

The wors t  ca se  t e s t  r e s u l t s  a r e  

DR= 1 - 
Received Percent  Noise,  % FS 
rf l eve l  D i s t o r t i o n  pk-pk 

-73 dBm 3.0 7.0 
- 83 dBm - 8.0 

-86  dBm - 8.5 

.*ESTS 

summarized a s  fol lows.  

DR= 2 - 
Percent  Noise, % FS 

D i s t o r t i o n  pk-pk 

0.71 1 . 2  
- 1 . 4  

The r e l a t i v e l y  h igh  peak-to-peak n o i s e  l e v e l  of 7.0 t o  
8.5 percen t  of f u l l  s c a l e  was measured on t h e  da ta  s i g n a l  
ob ta ined  from channel 1 4 A  (120 kHz c e n t e r  frequency) a t  a 
d e v i a t i o n  r a t i o  of 1. These va lues  were measured wi th  
t h e  VCO frequency set  t o  h igh  and low bandedges. The no i se  
measured wi th  t h e  VCG se t  a t  center frequency was 1.5 pe rcen t  
of f u l l  s c a l e .  A t  a rece ived  r f  l e v e l  of -73 dBm, t h e  maxi- 
mum peak-to-peak no i se  measured on t h e  o t h e r  channels was 
4.5 pe rcen t  of f u l l  s c a l e ;  a t  a rece ived  leve l  of  -86 dBm, 
t h e  maximum no i se  on the  o t h e r  channels was 6.0 pe rcen t  of 
f u l l  s c a l e .  The high no i se  l e v e l s  measured on channel 1 4 A  
i s  caused by i n t e r f e r e n c e  from a 1 2 0  kHt r e f e  -nce s i g n a l  
i n  the  1 2 0  kHz t r a n s l a t o r .  This  i n t e r f e r e n c e  can be 
s i g n i f i c e n t l y  reduced by t h e  use of a t r a n s m i t t e r  which has  
a lower d e v i a t i o n  s e n s i t i v i t y ,  s o  t h a t  t h e  VCO s ignLl s  could 
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be set  t o  h i g h e r  va lues .  
ab l e  when t h e s e  tests were performed. 

Such a t r a n s m i t t e r  was no t  a v a i l -  

The rf l e v e l  of -86 dBm was determined t o  be t h e  
minimum usab le  l e v e l  w i th  t h e  a v a i l a b l e  t e s t  equipment. 
This  l e v e l  produces a c a l c u l a t e d  r e c e i v e r  i . f .  s e c t i o n  
s i g n a l - t o - n o i s e  r a t i o  of 13 dB. 

1 , 4  COMPARISON OF TEST RESULTS 

The worst  ca se  n o i s e  and d i s t o r t i o n  measurements f o r  
t h e  t e s t  nominal record ing  and t ransmiss ion  tes t  conf igura-  
t i o n s  a r e  summarized i n  t a b l e  I t o  i n d i c a t e  t h e  degrada t ion  
caused by t h e  record ing  and t ransmiss ion  processes .  

1-5 
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I 

2.0 INTRODUCTION 

Tests were performed t o  evaluate t h e  performance of a 
f requency modulation d a t a  s i g n a l  m u l t i p l e x e r  which c o n s i s t s  
of 21 I R I G - A  c o n s t a n t  bandwidth v o l t a g e - c o n t r o l l e d  o s c i l l a t o r s .  

2 . 1  MULTIPLEXER DESCRIPTION 

The m u l t i p l e x e r  c o n t a i n s  VCO's, mixer a m p l i f i e r s ,  t r a n s -  
l a t o r s ,  and a r e f e r e n c e  o s c i l l a t o r  manufactured by Sonex, 
Inc .  The m u l t i p l e x e r  c o n s i s t s  of  2 1  I R I G - A  channel  CBK 
V C O ' s ,  Sonex p a r t  number TEX-3007MD; f i v e  l i x e r  a m p l i f i e r s ,  
Sonex pa r t  number TEX-3207MD; t h r e e  t r a n s l a t o r s ,  Sonex 
p a r t  number TEX-3802; and one 240 kHz r e f e r e n c e  o s c i l l a t o r ,  
Sonex p a r t  number TEX 3402A. 

The 2 1  K O  s i g n a l s  a r e  developed from one group of 
I R I G  CBW V C O ' s ,  c o n s i s t i n g  of channels  1 A  through 6A, and 
t h r e e  groups of I R I G  CBW V C C ' s ,  each c o n s i s t i n g  o f  channels  
1 A  through SA. The composite ou tpu t  of t h e  group o f  1A 

through 6A VCO's i s  connected d i r e c t l y  t o  t h e  f i n a l  mixer 
a m p l i f i e r .  The f r equenc ie s  of t h e  groups of 1 A  through SA 
V C O ' s  are t r a n s l a t e d  up t o  o b t a i n  t h e  chaniiel 7A through 2 1 A  
VCO f requencies .  Channels 7A through 1 1 A  are  ob ta ined  by 
us ing  a 1 2 0  kHz t r a n s l a t i n g  frequency;  channels  1 2 A  through 
16A a r e  ob ta ined  by us ing  a 160 kHz t r a n s l a t i n g  frequency;  
and channels  1 7 A  through 2 1 A  a r e  ob ta ined  by us ing  a 
200 kHz t r a n s l a t i n g  frequency. 

Each of t h e  groups of  V C O ' s  i s  mounted i n  a s e p a r a t e  
c h a s s i s  wi th  a mixer  a m p l i f i e r .  The t h r e e  t r a n s l a t o r s ,  
t h e  r e f e r e n c e  o s c i l l a t o r ,  and t h e  f i n a l  summing a m p l i f i e r  
a r e  mounted i n  a s e p a r a t e  c h a s s i s .  

2 - 1  



The peak frequency d e v i a t i o n  of t h e  I R I G - A  channels  i s  
2 kHz. Each of t h e  K O ' s  can be nodula ted  by a 2 kHz d a t a  
s i g n a l  i f  a dev ia t io ;  . -a t io  (DR)  of  1 is used. The d e v i a t i o n  
r a t i o  is de f ined  as DR = F, Fd where Fd i s  t h e  VCO peak f r e -  

quency d e v i a t i o n  and Fm i s  t h e  maximum frequency of  t h e  d a t a  
s i g n a l .  The VCO d e v i a t i o n  r a t i o  i s  determined by t h e  c u t - o f f  
frequency of  t h e  low pass  f i l t e r  used a t  t h e  output  of t h e  FM 
s u b c a r r i e r  d i s c r i m i n a t o r  which recovers  t h e  d a t a  s i g n a l .  
I n  gene ra l ,  t h e  q u a l i t y  of t h e  rece ived  d a t a  s i g n a l  i s  
inc reased  a s  t h e  d e v i a t i o n  r a t i o  i s  increased .  The I R I G - A  
channel  VCO's can be used t o  t r a n s m i t  1 kHz d a t a  s i g n a l s  wi th  
a d e v i a t i o n  r a t i o  o f  2 .  

m 

2 . 2  TEST DESCRIPTION 

The purpose of t h e  e v a l u a t i o n  tests was t o  determine 
t h e  accuracy which can be expected when t h e  I R I G - A  VCO's 
a r e  used t o  mul t ip l ex  2 1  d a t a  s i g n a l s  i n  t h e  range of  0 t o  
7 kHz.  In  a d d i t i o n ,  t h e  mul t ip l exe r  ou tput  s i g n a l  was 
recorded on a magnetic t a p e  r e c o r d e r  and t r ansmi t t ed  by 
a ,:-Land FM t e l eme t ry  t r a n s m i t t e r  t o  determine t h e  d a t a  
:signal degrada t ion  which would be caused by the  record ing  
and t r ansmiss ion  processes .  

S t a t i c  (dc) s i g n a l s  ob ta ined  from a p r e c i s i o n  labora-  
t o ry  power supply ,  and dynamic ( s i n e  wave) s i g n a l s  ob ta ined  
f ro- .  l abo ra to ry  s i n e  wave o s c i l l a t o r s  were used a s  s imula ted  
da ta  s i g n a l s .  The s imula ted  d a t a  s i g n a l s  were connected t o  
t h e  i npu t s  of  t h e  FM mul t ip l exe r  VCO's. Electro-Mechanical 
Research, Inc.  (EMR) model 4150 FM s u b c a r r i e r  d i s c r i m i n a t o r s  

a 
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w v e  used t o  demodulate t h e  composite FM m u l t i p l e x  s i g n a l s  
t o  recover  t h e  mul t ip l exed  d a t a  signals.  

An EMR model 4059 d e t r a n s l a t o r  was used t o  t r a n s l a t e  
t h e  I R I G  channels  7A through 21A s i g n a l s  down t o  t h r e e  groups 
o f  1 A  through SA s i g n a l s .  
t r a n s l a t i n g  f r equenc ie s  of 120  kHz, 160 kHz, and 200 kHz 
from an e x t e r n a l  240 kHz r e f e r e n c e  s i g n a l .  The 240 kHz 
r e f e r e n c e  frequency ob ta ined  from t h e  m u l t i p l e x e r  was 
s u p p l i e d  t o  the  d e t r a n s l a t o r  du r ing  the  t a p e  r eco rd ing  tes t s  
t o  f a c i l i t a t e  t a p e  speed compensation. 

The d e t r a n s l a t o r  develops 

The d a t a  s i g n a l s ,  recovered  a t  the  ou tpu t  of the  d i s -  
c r i m i n a t o r s ,  were measured us ing  an o s c i l l o s c o p e ,  a vo l tme te r ,  
and a t o t a l  harmonic d i s t o r t i o n  ana lyze r  t o  determine t h e  
degree of d a t a  s i g n a l  deg rada t ion  which is caused by t h e  
mul t ip l ex ing ,  r eco rd ing ,  and t r ansmiss ion  process .  Phase 
de l ay  measurements were a l s o  made t o  determine how a c c u r a t e l y  
d i f f e r e n t  d a t a  s i g n a l s  can be t i m e - c o r r e l a t e d  when the  
s i g n a l s  a r e  mul t ip lexed .  
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3.0 DISCUSSION 

3.1 VCO PERFORMANCE TESTS 

The FM m u l t i p l e x e r ,  t h e  s imula t ed  d a t a  s i g n a l s ,  and 
t h e  t e s t  equipment were connected as shown i n  f i g u r e  3-1. 
S t a t i c  d a t a  s i g n a l  n o i s e ,  dynamic data  s i g n a l  d i s t o r t i o n ,  
channel- to-channel  phase e r r o r ,  aqd c r o s s t a l k  measurements 
were made w i t h  t h e  m u l t i p l e x e r  o u t p u t  connected d i r e c t l y  t o  
t h e  d i s c r i m i n a t o r s ,  

3.1.1 S t a t i c  Noise Tests 

Peak- to-peak n o i s e  a t  t h e  o u t p u t s  of  t h e  s u b c a r r i e r  
d i s c r i m i n a t o r s  was measured w i t h  s t a t i c  d a t a  s i g n a l s  of 0 ,  
2.5, and 5.0 a p p l i e d  t o  t h e  VCO s i g n a l  i npu t s .  These meas- 
urements were made us ing  VCO d e v i a t i o n  r a t i o s  of 1 and 2. 
The measurements expressed  as pe rcen tages  of f u l l  scale  are 
g iven  i n  t a b l e  11. 

The maximum peak-to-peak n o i s e  on t h e  r ece ived  d a t a  
s i g n a l s  measured f o r  a d a t a  s i g n a l  d e v i a t i o n  r a t i o  of 1 
was 1.3 p e r c e n t  of  f u l l  scale  f o r  an inpu t  s i g n a l  of 2.5 Vdc 
(VCO c e n t e r  f requency) ;  t h e  maximum peak-to-peak n o i s e  
measured w i t h  i n p u t  s i g n a l s  of 0 Vdc (VCO low bandedge) 
and 5.0 Vdc (VCO h igh  bandedge) was 3.9 p e r c e n t ,  

The va lue  of 3.9 p e r c e n t  was measured f o r  channel  6 A  

wi th  t h e  VCO frequency s e t  t o  h igh  bandedge (5.0 Vdc d a t a  
s i g n a l ) .  The n o i s e  me.rsured f o r  channel  7A w i t h  the  
same i n p u t  s i g n a l  was 3.5 p e r c e n t  of f u l l  s c a l e .  The 
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TABLE 1 1 .  - 5 r A T I C  DATA SIGNAL N O I S E ,  pk-pk PERCENT OF FULL SCALli 

Channel 

0 Vdc 2 . 5  Vdc 5.0 Vdc 
vco 

Noise, 9, FS pk-pk 

DR= 1 DR= 2 

BA 1 . 5  1 . 0  1 . 7  . 3  . 4  .6  

9A 2 . 0  .9  1 . 7  . 4  . 4  . 4  

1 0 A  1 . 8  .9 1 . 8  . 4  . 4  - 5  

1 1 A  1 . 3  .n 1 . 4  . 3  . 3  . 3  

1 2 A  1 . 6  . 9  1 . h . 4  . 3  . 4  

13A I . 5  1 .1  1 . 8  . s  . 4  . b 

1 4 A  2 . 6  . 9  ?.8 . J  . 3  . 4  

1 S A  1 . 2  .8 1 . 3  . 3  - 3  . 3  

1 6 A  1 . 5  1 .@ 1 . 4  . 3  . 3  . 3  

1 7. \  . 9  . 6  1 . 3  . 3  . L  .L 

18A . 9  . h I . o  . -  . L  . -  
1911 2 . 3  . 8  - 7 . 4  . 3  . 4  . 5  

20:l . 9  . h .9  .- ... . -  
2 1A 1 , 0 . 0 .H . 3  . -  . 3  

- 

- - 
--.- ---- 

-- -- - 
-. ---. 

--.---_ _-  - 
--. --___--- 

1 7 

.- _I-- -- -- - ---. -_-_ 
3 7 7 
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r e l a t i v e l y  h igh  n o i s e  l e v e l s  f o r  t h e s e  two channels  a r e  
caused by mutua l  interference between t h e  two VCO s i g n a l s .  
Channel 7A i s  ob ta ined  by t r a n s l a t i n g  a 56  kHz VCO s i g n a l  
t o  o b t a i n  a s i g n a l  which h a s  a f requency of 64 kHz. The 
t r a n s l a t i o n  causes a 180 degree  change i n  t h e  d e v i a t i o n  
s e n s i t i v i t y  of t h e  r e s u l t i n g  s i g n a l .  When a 5 .0  Vdc s i g n a l  
i s  a p p l i e d  t o  both  channel  6A and channel  7A, t h e  channel  
6A VCO frequency is  a t  h igh  bandedge and t h e  channel  7A 
VCO f requency,  o b t a i n e d  by t r a n s l a t i o n ,  i s  a t  low bandedge. 
The frequency s e p a r a t i o n  between t h e  two V C O ' s  i s  minimum 
f o r  t h i s  c o n d i t i o n  s o  t:.at maximum c r o s s t a l k  occurs .  

The n o i s e  on t h e  d a t a  s i g n a l s  measured f o r  channels  1 4 A  
(120 kHz) and 19A (160 kHz) wi th  0 Vdc and 5.0 Vdc d a t a  
s i g n a l s  were a l s o  r e l a t i v e l y  high.  With t h e  inpu t  s i g n a l  
s e t  t o  5.0 Vdc, 2 . 8  p e r c e n t  was measured on channel  1 4 A  and 
2 . 4  p e r c e n t  was measured on channel 1 9 A .  The h ighe r  n o i s e  
l e v e l s  on t h e s e  channels  i s  caused by feed- through of t h e  
120  kHz t r a n s l a t i o n  s ig l ia l  from the  120 kIIz t r m s l a t o r ,  and 
feed- through of t h e  160 kHz t r a n s l a t i o n  s i g n a l  from the  
160 kHz t r a n s l a t o r .  The n o i s e  l e v e l s  measured a r e  not  
cons idered  excess ive  b u t  do show t h e  n e c e s s i t y  o f  suppres s ing  
t h e  t r a n s l a t i o n  s i g n a l  a t  t h e  o u t p u t s  of  t h e  t r a n s l a t o r s .  

The maximum peak-to-peak no i se  on t h e  r ece ived  d a t a  
s i g n a l s  measured a t  a d e v i a t i o n  r a t i o  of 2 was 0 . 4  percen t  
f o r  an i n p u t  s i g n a l  of  2.5 Vdc; t h e  maximum peak-to-peak 
no i se  measured wi th  inpu t  s i g n a l s  o f  0 and 5 . 0  Vdc has  
0 . 6  pe rcen t .  The use of  a d e v i a t i o n  r a t i o  o f  2 e l i n i n a t e d  
t h e  d a t a  s ignal .  deg rada t ion  which occurred  on channels  6 A ,  

7 A ,  1 4 A ,  and 19A when a d a t a  s i g n a l  d e v i a t i o n  r a t i o  of 1 

was used. 
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3.1.2 Dynamic Cata S i g n a l ,  
Harmonic D i s t o r t i o n  

S ine  wave d a t a  s i g n a l s  were a p p l i e d  t o  t h e  VCO's. 
Recovered d a t a  s i g n a l  t o t a l  harmonic d i s t o r t i o n  was measured 
a t  t h e  s u b c a r r i e r  d i s c r i m i n a t o r  o u t p u t s ,  
were made us ing  VCO d e v i a t i o n  r a t i o s  of 1 and 2. 

The measurements 

The r e su l t s  of t h e  measurements are g iven  i n  t a b l e  111. 

The maximum t o t a l  harmonic d i s t o r t i o n  measured f o r  a 
d a t a  s i g n a l  d e v i a t i o n  r a t i o  of 2 was 0.65 p e r c e n t .  The  
maximum t o t a l  harmonic d i s t o r t i o n  measured f o r  a d a t a  s i g n a l  
d e v i a t i o n  r a t i o  oE 1 was 3 . 0  p e r c e n t .  

The d i s t o r t i o n  a n a l y z e r  f i l t e r s  ou t  t h e  d a t a  s i g n a l  
fundamental  component and p rov ides  a measure of  t h e  remaining 
c o n t e n t  of  t h e  d a t a  s i g n a l .  This  measurement g ives  an 
i n d i c a t i o n  of n o i s e  and c r o s s t a l k  con ta ined  i n  t h e  r ece ived  
d a t a  s i g n a l .  

3 . 1 . 3  Phase E r r o r ,  Channel-to-Channel 

A s i n g l e  s i n e  wave d a t a  s i g n a l  was connected i n  p a r a l l e l  
t o  t h e  i n p u t s  of  a l l  VCO's. The d i f f e r e n c e  i n  phase between 
t h e  recovered d a t a  s i g n a l s  was measured a t  t h e  ou tpu t  of 
t h e  s u b c a r r i e r  d i s c r i m i n a t o r s  f o r  d a t a  s i g n a l  f r equenc ie s  
of 2 . 0 ,  1 . 0 ,  and 0.5 ktiz .  Measurements were made us ing  2 kHz 
low pass  f i l t e r s  (DR=l) and 1 kHz low pass  f i l t e r s  (DR=2). 
The measured vblues  o f  phase e r r o r s  a r e  given i n  t a b l e  IV. 
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TABLE 111. - DYNAMIC DATA SIGNAL, PERCENT TOTAL HARMONIC 
DISTORTION, SYSTEM BASELINE TEST 

2 1A 2000  1 . 8 5  2 1 A  l C 0 0  
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TABLE IV. - DYNAM?C DATA SIGNAL, CHANNEL-TO-CHANNEL 
PHASE ERROR, SYSTEM BASELINE TEST 

I Freq 2.0 kHz, Freq 1.0 kHz, Freq 1 .0  kHz, I Freq 0.5 kHz, 
deqrees degrees degrees degrees . 

vco 
Channe 1 

DR= 1 DR= 2 
~ 

1 A -  2A -14 .5  -6.9 -8 .4  5.6 

2A- 3A -7.a -2 .8 -11 .8  - 2 . 5  
- 

I 

1 4 A -  1 S A  +6.0 +3.3 -2.4 +1.0 

1 SA- 1 6 A  t 1 0 . 5  +4.1 + 1 3 . 2  +2.4 

16A- 1 7 A  - 1 8 . 1  - 7 . 7  - 1 2 . 2  -4 .5  

1 7 A -  1 8 A  -4 .5  - 2 . 1  -8 .2  - 3 . 2  

1 8 A - 1 9 A  +2.7 +1.8 - 5 . 0  -.l 

- 

- 

I ~~ ~~ 

3A -4A  I + 2 . 0  I -1.2 I +4.6 0 1 

SA- 6A  

6A- 7A 

7A- 8A 

8A-9A  

9A- 1 OA 

1 0 A - 1 1 A  

4A-SA I -11.5 I -3.8 I -8.7 -1 .5 I 
+7.5 +2.4 -2.7 -.7 

+5.5 + 2 . 8  +14 .1  +4.3 

-3.7 -1.7 -7.7 -3.0 

+ 2 . 2  +1.4 -5 .1  - .3 

+6.0 + 3 . 0  +18.4 +3.6 

+9.0 + i . S  -9 .0 0 

l l A - 1 2 A  

12A-  1 3 A  

1 3 A -  1 4 A  

-.5 

-6.5 -5 .8  

-12 .5  -4.2 

+2.5 +1.6 

19A-ZOA I +5.7 I + 2 . R  I t 1 8 . 3  I t 3 . 6  I 
20A-21A I +9.0 1 +4.9 1 - 3 . 1  1 - 2 I 

1 A - 7 A  -18.7 -10.0 - 1 3 . 2  - 5 . 5  

1A-  12A - 1 2 . 5  -7.0 - 1 0 . 2  - 4 . 1  

1 A -  17A  -19 .0  - 1 0 . 1  -18 .0  - 5 . 6  
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The maximum phase s h i f t  measured between channels  i s  
a s  fol lows:  

DR= 1 - 
Data S igna l  

Frequency (kHz) 

200 

1.0 

1.0 

0.5 

Maximum Phase 
S h i f t  (degrees)  

-19 (Ch 1 A  t o  Ch 1 7 A )  

-10.1 (Ch 1 A  t o  Ch 17A) 

DR= 2 - 
+18.4 (Ch 9A t o  Ch 10A) 

-5.6 (Ch 1 A  t o  Ch 2A arid 
Ch 1 A  t o  Ch 1 7 A )  

3 1 4 Cross t a l k  , Ch anne 1 - t o  - Channe 1 

A 5 V pk-pk s i n e  wave d a t a  s i g n a l  was app l i ed  i n  t u n  
t o  channels  6A, l i A ,  16A and 21A.  A 2.5 Vdc d a t a  s i g n a l  was 
app l i ed  t o  t h e  remaining V C O ' s .  The peak-to-peak no i se  on 
t h e  r ece ived  J a t a  s i g n a l s  ob ta ined  from t h e  remaining V C C ' s  
was measured t o  determine t h e  amount of c r o s s t a l k  caused b.- 
t h e  s i n e  wave s i g n a l s .  The c r o s s t a l k  measurements were 
performed f o r  a d a t a  s i g n a l  d e v i a t i o n  r a t i o  cP 1 wi th  a 
s i n e  wave s i g n a l  frequency of  2.0 kHz. The , e s u l t s  of t h e  
c r o s s t a l k  measurements a r e  given i n  t a b l e  V. 

The t e s t  r e s u l t s  i n d i c a t e  t h a t  most of >:.he c r o s s t a l k  
occurs  on the  V C O ' s  ad j acen t  t o  the  VCO which is modulated 
by t h e  s i n e  wave s i g n a l .  The wors t  case c r o s s t a l k  increased  
t h e  n o i s e  on t h e  unniodulated V C O ' s  from 0 .9  t o  2 . 8  percent  
peak - to-pe ak . 
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TABLE V.  - CHANNEL-TO-CtMNEL CROSSTALK TEST 
0 

C r o s s t a l k  
C o n d i t i o n  I Noise, % FS pk-pk 

DR= 1 
- - 

Basic I 6A I Channel I Noise 

1A 1 . 3  1 . 2  

Z A  1 . 3  1 . 0  

3A . 8  . B  

4 A  1 . 1  1 . 3  
- 

SA 1 .n 2 . n  

bA .9 S i g n a l  

7.4 .9 2 . 8  

nx 1 .0  1 .o 

9 A .9 1 .o 

10A .9 1 . 4  

11:l . Y  . 8  

1 2'1 .9  .9 

1 3 A  1 . 1  1 . 8  

1 4 :\ .9 .9 

1 S A  .n . 8  

____..- ___._ ~ 

- ____ ~ I _  

___--- 

- -- ~. _ _  . -  .__. 

S i g n a l  

2 . 6  

1 . 5  

1 . 2  

-__ 

.-___ 

IyI 1 21A 

11A 1 
1 . 2  1 . 2  

1 . 1  1 . 2  

1 . 1  1.0 

1 .o 1 .o 

1 . 7  1.: 

1 . n  1 . 0 -- 

. n  
1 . 3  

L__ 

-7 
. I  ____-__ 
. 6  

. 9 

. 0 

. h  

2 . 4  .9 

S i g n a l  1 . 3  

2 . 4  . 7  

. (  . 8  

. 9 . 9  

. b  2 . 2  

.h S i g n a  I 

- -- 

7 

__- 



The c r o s s t a l k  measurements were made wi th  t h e  unmodu- 
l a t e d  VCO's set a t  t h e i r  c e n t e r  f r equenc ie s ,  The c r o s s t a l k  
on an unmodulated VCO w i l l  i n c r e a s e  as t he  f requency of t h e  
VCO is moved toward t h e  frequency of an ad jacen t  VCO. 

3,2 RECORDING TESTS 

The output  of t h e  FM mul t ip l exe r  was recorded on an 
Ampex FR 1300 magnetic t a p e  r eco rde r  a t  a r eco rde r  speed of 
60 inches  p e r  second, u s ing  d i r e c t  record-playback e l e c t r o n i c s .  
The recorded t ape  was p layed  back wi th  t h e  reproduced s i g n a l  
connected t o  t h e  s u b c a r r i e r  d i s c r i m i n a t o r s  t o  determine t h e  
degrada t ion  i n  d a t a  s i g n a l  q u a l i t y  caused by t h e  tape  record-  
i ng  process .  The FM mul t ip l exe r ,  s imulated d a t a  s i g n a l s ,  and 
t e s t  equipment were connected a s  shown i n  f i g u r e  3-1, 

The r eco rde r  normal record  l e v e l  was se t  t o  1.0 V r m s ,  
i . e . ,  a 1.0 V r m s  s i n e  wave s i g n a l  produces 1.0 pe rcen t  t h i r d  
harmonic d i s t o r t i o n  on t h e  tape .  Each of t h e  VCO l e v e l s  was 
se t  t o  a nominal value of 70 m V r m s ;  t he  240 kfIz t ape  speed 
r e fe rence  s i g n a l  was s e t  t o  a nominal value of 140  m V r m s .  
The t a p e  speed r e fe rence  s i g n a l  was set  6 dB h ighe r  than 
t h e  VCO s i g n a l s  t o  ensure t h a t  a r e l a t i v e l y  c l ean  s i g n a l  
would be a v a i l a b l e  f o r  provid ing  tape  speed and tape  f l u t t e r  
compensation f o r  t h e  recorded d a t a  s i g n a l s  during tape  p lay-  
back. The VCO and r e fe rence  s i g n a l  l e v e l s  were chosen such 
t h a t  t h e  composite recorded s i g n a l  would have a nominal 
peak-to-peak value of 2.8 v o l t s  when the s i g n a l  was observed 
using an osc i l l o scope .  

3- 1 0  



P r i o r  t o  r eco rd ing  t h e  FM m u l t i p l e x e r  s i g n a l ,  r e c o r d e r  
s l o t  n o i s e  measurements were made r e l a t i v e  t o  the  normal 
r eco rd  l e v e l .  A wave a n a l y z e r  wi th  3.0 kHz f i l t e r  band- 
width was used t o  make t h e  measurements. 
t o - n o i s e  r a t i o s  are l i s t e d  i n  t a b l e  VI. The measured n o i s e  
was used t o  o b t a i n  an i n d i c a t i o n  of  t h e  n o i s e  i n  a 1.0 kHz 
and a 2.0 kHz bandwidth ove r  t h e  frequency range of t h e  
r eco rde r .  These va lues  are a l s o  l i s t e d  i n  t a b l e  V I .  The 
d a t a  s i g n a l - t o - n o i s e  r a t i o  w i l l  depend on the  t a p e  n o i s e  
l e v e l s ;  t h e  r e s u l t s  ob ta ined  fo r  t h e  tests r e p o r t c d  h e r e  can 
b e  used t o  p r e d i c t  t h e  performance of a d i f f e r e n t  r e c o r d e r  
on ly  i f  t h e  s i g n a l - t o - n o i s e  c h a r a c t e r i s t i c s  of the  r e c o r d e r s  
are t h e  same. 

The measured s i g n a l -  

3.2.1 S t a t i c  Data S igna l  Noise 

The ou tpu t  o f  t he  FM m u l t i p l e x e r  was recorded w i t h  
0 ,  2.5, and 5.0 Vdc d a t a  s i g n a l s  app l i ed  t o  the  VCO's. The 
recorded t ape  was played back, and the  reproduced s i g n a l  was 
connected t o  t h e  s u b c a r r i e r  d i s c r i m i n a t o r s .  The peak-to-  
peak n o i s e  on t h e  recovered d a t a  s i g n a l s  was measured. 
Measurements were made us ing  d e v i a t i o n  r a t i o s  of 1 and 2. 

Measured va lues  expressed  a s  percentages  of f u l l  s c a l e  a r e  
given i n  t a b l e  VII. 

With a d a t a  s i g n a l  d e v i a t i o n  r a t i o  of 1 . 0 ,  t he  maximum 
peak-to-peak no i se  for a 2.5 Vdc d a t a  s i g n a l  was 3.5 p e r c e n t ;  
t he  maximum peak-to-peak n o i s e  was 6 .0  pe rcen t  f o r  0 . 0  and 
5.0 Vdc d a t a  signals. 
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TABLE V I .  - TAPE RECORDER SLOT NOISE DATA 

Measured SNR,  
3 . 0  kHz B1J 
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TABLE V I I .  - STATIC DATA SIGNAL NOISE, pk-pk PERCENT OF 
FULL SCALE, RECORDED DATA TEST 

17E 

1 EA 

19A 

20A 

2 1 A  

5 . 0  Vdc 
vco 

Channel Noisc, Z FS pk-pk 

5 . 5  3 . 4  6 . 0  1 . 7  1 . 6  I 1 . 8  

5 . 5  3 . 4  6 . 0  1 . 6  1 . 5  1 . 7  

6 . 0  3 . 4  6 . 0  1 . 7  1 . 5  1 . 8  

6.C 3 . 2  6 . 0  1 . 8  1 . 5  1 . 7  

6 . 0  3 . 2  6 . 0  1 . 7  1 . 6  1 . 7  

1 

-16A-- I 6 . 0  I 3 . 5  I 5 . 5  I 1 . 7  I 1 . 5  I 1 . 7  
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With a d a t a  s i g n a l  d e v i a t i o n  r a t i o  of 2.0,  t h e  maximum 
peak-to-peak n o i s e  fo r  a 2 . 5  Vdc d a t a  s i g n a l  was 1.6 pe rcen t ;  
t h e  maximum peak-to-peak n o i s e  f o r  0.0 and 5 . 0  Vdc d a t a  
s i g n a l s  was 1.8 percent .  

3.2.2 S t a t i c  Data S igna l  Noise With 
Induced Tape Recorder F l u t t e r  

Tape r eco rde r  f l u t t e r  l e v e l s  of 2 . 4 2  and 4 . 5  percen t  
were induced by p l a c i n g  adhes ive  t ape  on t h e  r eco rde r  
capstan.  
a s  desc r ibed  i n  section 3,Z.l. The measured va lues  of no i se  
on t h e  d a t a  s i g n a l s ,  expressed  a s  percentages  of  f u l l  s c a l e ,  
a r e  given i n  t a b l e  VIII. 

S t a t i c  d a t a  s i g n a l s  were recorded and played back 

A comparison of  t h e  test  r e s u l t s  l i s t e d  i n  t a b l e  V I 1 1  
and those  l i s t e d  i n  t a b l e  V I 1  (no induced f l u t t e r )  shows 
t h a t  t h e  induced f l u t t e r  i n c r e a s e s  the  peak-to-peak no i se  
on t h e  rece ived  d a t a  s i g n a l s .  With 2 . 4 2  percen t  f l u t t e r  and 
a d e v i a t i o n  r a t i o  of 2 ,  t h e  worst  c a s e  n o i s e  was inc reased  
from 1 .8  percent  t o  2.3 p e r c e n t ;  w i th  a d e v i a t i o n  r a t i o  o f  
one, t h e  wors t  c a s e  n o i s e  inc reased  from 6.0 pe rcen t  t o  
7.0 pe rcen t .  With 4 . 5  percen t  f l u t t e r  and a d e v i a t i o n  
r a t i o  of 2 ,  t h e  worst  ca se  n o i s e  increased  from 1 .8  pe rcen t  
t o  2.5 percen t ;  with a d e v i a t i o n  r a t i o  of  1, t h e  worst  
case  no i se  inc reased  from 6.0 pe rcen t  t o  8.0 p e r c e a t .  

3.2,3 Dynamic Data S igna l  
Harmonic D i s t o r t i o n  

The output  of the FM mul t ip l exe r  was recorded w i t h  
s i n e  wave data s i g n a l s  a p p l i e d  t o  t h e  VCO's, The recorded 
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TABLt \ill. - PWiACK STATIC DATA S I W  NOISE, pk-pk BKE\T OF FULL SCUF:, 
kin! TAPE REaXDED FLUlTER, REaXDED MTA "ET 

cm 
Channel Noise. ; FS pl-pk 1ilannC 1 

0 Ydc ' 2 . 5  Vdc 5.0 Ydc 0 VJc 2 . 5  Vdc 5.0 Vdc 

kise ,  I FS pk-pL 

ll?-l 6?=: 

-~ 

4.5: F l u t t e r  

I:\ 4.0 2.5 4.0 1.3 1.0 1.3 

3 I 5.3 I 2 . 5  I 4.0 I 1.: I 1.0 I 1.2 

14 

1.5 

1.: 

1.5 

4.0 ! 2 . 9  I 4.0 2.0 1.2 1.6 
I 

31 

4 4  

52 

4.5 2.7 ! 4.0 1.4 1.3 1.4 

4 . 5  2 . 8  4.0 1.5 1.1 1.4 

5.0 3.0 4.0 1.6 I ! 4 1.5 
1 

69 

i ,\ 

R A  

5.5 ~ 3.4 I 7.0 2.0 1.7 l.R 

6.0 , 3 .5  I 7.0 2.0 1.8 1.8 

6.0 1 5 . 5  5.0 1.8 1.' 1.6 

9:\ 

inA 

6.0 1 5.6 1 5.0 2.0 1.6 1 I.' 

b.0  3.6 5.0 ' 2.0 1.7 1 1 . 6  

11A I b.0 I 5.6 1 5.0 I :.o 1.b I 1.7 
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12.1 

1 s1 

7 .0  1 j . 3  j 5.5 2.4 I 1.8 I 2.0 

7 .0  1 4 . 0  1 5.5 2.4 2.0 i 2 . .i 
14A , 8.0 4 . 0  6 . 0  2.5 :.- ~ 1.8 

1 7 1  I 6.0 4.n 

19.1 I s.n 4 . 4  

18.1 ' -.s 5 . 4  

5.5 2 . 5  1 2.0 j 2.0 

5 . 5  

6.0 I 2 . 5  l.R .. 
2 . 4  1 l . R  1 ;.: - 

:I,\ j -.s I 4 . n  j 5 . 5  :..I 1. -  1.3 



t a p e  was p layed  back wi th  t h e  reproduced s i g n a l  connected 
t o  t h e  s u b c a r r i e r  d i s c r i m i n a t o r s .  The t o t a l  harmonic 
d i s t o r t i o n  of  t h e  recovered d a t a  s i g n a l s  was measured. 
Measurements were made us ing  d e v i a t i o n  r a t i o s  of 1 and 2.  
The measured va lues  a r e  given i n  t a b l e  I X .  

The maximum d i s t o r t i o n  measured a t  a d a t a  s i g n a l  devia-  
t i o n  r a t i o  of 2 was 0.86 p e r c e n t ;  t h e  maximum d i s t o r t i o n  
measured a t  a d e v i a t i o n  r a t i o  of  1 was 3 . 3  percen t .  The 
measured va lues  provide  an i n d i c a t i o n  of t h e  c r o s s t a l k  and 
t a p e  n o i s e  conta ined  i n  t h e  d a t a  s i g n a l s .  

3 . 2 . 4  Dynamic Data S igna l  Harmonic D i s t o r t i o n  
With Induced Tape Recorder F l u t t e r  

Tape r eco rde r  f l u t t e r  l e v e l s  of 2 . 4 2  and 4 . 5  percent  
were induced by p l a c i n g  adhes ive  t ape  on t h e  r eco rde r  
capstan.  S ine  wave d a t a  s i g n a l s  were recorded and played 
back as desc r ibed  i n  s e c t i o n  3 . 2 . 3 .  The measured va lues  of 
t o t a l  harmonic d i s t o r t i o n  a r e  given i n  t a b l e  X. 

The va lues  l i s t e d  i n  t a b l e  X compared wi th  those  i n  
t a b l e  IX (no induced f l u t t e r )  show t h a t  t h e  induced f l u t t e r  
causes  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  da t a  s i g n a l  d i s t o r t i o n .  
With 2 . 4 2  p e r c e n t  f l u t t e r ,  t h e  maximum d i s t o r t i o n  f o r  a 
d e v i a t i o n  r a t i o  of 2 was 1.95 p e r c e n t ;  t he  maximum d i s t o r -  
t i o n  a t  a d e v i a t i o n  r a t i o  o f  1 was 4 . 1  percent .  

With 4 .5  pe rcen t  induced f l u t t e r ,  the  maximum d i s t o r -  
t i o n  f o r  a d e v i a t i o n  r a t i o  of 2 was 4 . 1  percen t ;  t h e  
maxixum d i s t o r t i o n  a t  a d e v i a t i o n  r a t i o  of 1 was 5.5 p e r c e n t ,  
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TABLE IX. - PLAYBACK DYNAMIC DATA SIGNAL, PERCENT TOTAL 
HARMONIC DISTORTION, RECORDED DATA TEST 

4A 

SA 

6A 

7A 

1.75 2.8 

2.0 2.8 

1.9 2.55 

1.8 2.9 

9A 

1 OA 

11A 

12A 

2.0 2.6 

1.75 3.0 

l . P  3.0 

1.75 2.8 

19A 

20A 

21A 

1.8 3.0 

1.9 3.0 

2.0 2.45 
- 

I Data vco Data 
C'lannel  I Freq, kHz 

% THD % THD 

DR= 1 

I 
DR= 2 

.8 

.56 

.49 

.69 
~~ 

4A 1 .75 .66 

.8  .53 

8A I 1.9  I 2.95 8A I .9 I . 7 1  

11A .55 

12A ,75 .58 

13A I 1.8 1 -  3.3 13A I .8 .73 

14A I 1.9 I 2.7 fdi 1 2.0 3.0 

1.75 3 .1  

2.0 2.9 

16A .75 

I .58 

18A 1 1.75 I 3.3 m - 5  
20A 

21A 1 1.0 I .60 
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2 \  1 . 9  - 3 .  3 . 9  I 1 . 8  

3 \  1 . 8  3 . 6  I . f l  1 . 8  

J \  1 . 7 5  3 . 5  1 .75 1 . 6  

5 4  I 3 . 3  1 .n 1 .9  

h \  1 1 . 7 5  

7.\ I 1 . 8  I 3.5 I . 8  1 1 . 7 5  

1 . 7 5  3.5 . 7 5  2 . 0  

13.\ 

1 5 \  .1 . I 1 .O 1 .'15 

1 f) .\ 1 . 7 5  . 7 s  l . A  

- -  

1 9 1  1 . 8  .> . I . P  1 .!)S 

? r i  1 I . ?  3 . I1 .9  1 . P  

2 I . \  1 . 0  5 . :  1.0 I . A S  

- -  

Data Data 
Freq, kll: ' T'i' ' 

~ c o  
Channel 

Freq. kli: I"'') 

0 . 5 :  F l u t t e r  
' 

1.9  3 . :  

3 . b 
4 4  1 . 7 5  4 . 9  . 7 5  3 . b  

5 \  1 2.0 1 5 .0 I I . 3  I 3 . '  

I 7 \  1 . 8  5.1 

f l \  1 . 9  1 5 . :  .. 

I 1 1 

1 .9  I 5 . :  I rl I 1.1 
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The t a p e  r e c o r d e r  f l u t t e r  causes  frequency modulation 
o f  t h e  d a t a  s i g n a l s  a s  well  as frequency modulation of  t h e  
VCO s i g n a l s .  The frequency modulation o f  t h e  d a t a  s i g n a l  
cannot be  c o r r e c t e d  by t h e  t a p e  speed compensation equipaent  
a v a i l a b l e .  The d i s t o r t i o n  measured is e s s e n t i a l l y  a measure 
of t h e  s idebands around t h e  d a t a  s i g n a l s  which a r e  produced 
by t h e  frequency modulation. 

3.3 TRANSMITTED TESTS 

The output  of t h e  FM mul t ip l exe r  was used t o  frequency 
modulate a S-band rf t r a n s m i t t e r .  The t r a n s m i t t e r  ou tpu t  
was connected through a t t e n u a t o r s  t o  a S-band FM r e c e i v e r .  
Adjus tab le  a t t e n u a t o r s  were used t o  a l low c o n t r o l  of t h e  
r ece ived  power l e v e l s .  The rece ived  FM mul t ip l exe r  s i g n a l  
was connected t o  t h e  s u b c a r r i e r  d i s c r i m i n a t o r s  t o  determine 
t h e  degrada t ion  i n  d a t a  s i g n a l  q u a l i t y  caused by the  t r a n s -  
mission process  

The FM mul t ip l exe r ,  s imula ted  d a t a  s i g n a l s ,  and tes t  
equipment were connected a s  shown i n  f i g u r e  3-1. 

The l e v e l s  of  t he  channel 1 0 A  through channel 2 1 A  VCO's 
were s e t  t o  produce a t r a n s m i t t e r  FM modulation index of 0 .7 .  
The 1nvels  of  channels  1 A  through 9 A  were se t  t o  produce a 
minimum t r a n s m i t t e r  d e v i a t i o n  of  6 1  kHz pe r  channel t o  reduce 
i n t e r f e r e n c e  on these channels caused by t h e  h i g h e r  frequency 
VCO's. The r e s u l t i n g  peak t r a n s m i t t e r  d e v i a t i o n  produced 
by t h e  composite s i g n a l  was 1657 kHz. The FM r e c e i v e r  i . f .  
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bandwidth used was 3 . 3  MHz. The o v e r a l l  s i g n a l - t o - n o i s e  r a t i o  
f o r  each VCO channel  is obta ined  from t h e  fol lowing equat ion .  

FD * 
M 

2 B I F  + SNRR dB BD S N R  = 10 log  3 / 4  (DR) 

where FD is  the  t r a n s n i t t e r  frequency d e v i a t i o n  produced by 
t h e  VCO s i g n a l ,  FM i s  t h e  VCO frequency, DR is t h e  VCO devia-  
t i o n  r a t i o ,  B I F  is t h e  r e c e i v e r  i . f .  bandwidth, BD i s  t h e  
d a t a  s i g n a l  low pass  f i l t e r  bandwidth, and SNRR is the  
s i g n a l - t o - n o i s e  r a t i o  i n  t h e  r e c e i v e r  i . f .  s e c t i o n .  

For  a d a t a  s i g n a l  d e v i a t i o n  r a t i o  of 2 ,  the  c a l c u l a t e d  
minimum d a t a  s i g n a l - t o - n o i s e  r a t i o  i s  a s  fo l lows:  

SNR = 10 log  3/4 ( 0 . 7 ) 2  ( 2 )  '7 3300 + SNRR 

= 3 6 . 8  + SNRR dB 

For a d a t a  s i g n a l  d e v i a t i o n  r a t i o  of 1, the  c a l c u l a t e d  
' minimum SNR is  

SNR = 10 log 3 /4  ( 0 . 7 ) '  (1) '7 3300 + SNRR 

= 2 7 . 8  SNRR dB 

The t e s t s  were performed a t  rece ived  power l e v e l s  of 
- 7 3 ,  - 8 3 ,  and -86  dBm. T e s t s  were at tempted a t  a received 
power l e v e l  of -89  dBm; t h i s  power l e v e l  r e s u l t s  i n  a 
c a l c u l a t e d  r e c e i v e r  i . f .  s e c t i o n  s i g n a l - t o - n o i s e  r a t i o  of 
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10 dB. However, f r eque2 t  FM n o i s e  spikes occurred a t  t h e  
ou tpu t  of t h e  d a t a  s i g n a l  law pass  f i l t e r  a t  a rece ived  
power l e v e l  of -89 dBm. When t h e  power l e v e l  was inc reased  
t o  -86 dBm, t h e  s p i k e s  became r e l a t ive ly  i n f r e q u e n t  and t h e  
rece ived  d a t a  s i g n a l s  were cons idered  t o  be usable .  

The c a l c u l a t e d  d a t a  s i g n a l - t o - n o i s e  r a t i o s  (rms-to-rms) 
f o r  t h e  t e s t  rece ived  power l e v e l s  a r e  as fo l lows:  

Ca lcu la t ed  SNR, dB 
DR= 2 DR= 1 

- 73 53.8 62.8 

- - keceived power (dBm) 

-83 

- 86 
43.2 

40.8 

57.8 

49.8 

The va lue  of -73 dBm is es t ima ted  t o  be t h e  minimum 
l e v e l  which w i l l  be rece ived  from t h e  S h u t t l e  v e h i c l e  a t  
a s l a n t  range of 5 degrees .  The use of  a 10-watt  t r a n s -  
mitter is  assumed. This  power l e v e l  inc ludes  a f a c t o r  t o  
account f o r  t h e  d i f f e r e n c e s  i n  system no i se  temperatures  

. between t h e  t e s t  r e c e i v e r  and t h e  r e c e i v e r  which would be 
used t o  r ece ive  t h e  s i g n a l  from t h e  S h u t t l e  veh ic l e .  

3.3.1 S t a t i c  Data S igna l  Noise 

The peak-to-peak n o i s e  on t h e  recovered d a t a  s i g n a l s  
was measured a t  t h e  ou tpu t s  of  t h e  s u b c a r r e r  d i s c r i m i n a t o r s  
wi th  0 ,  2 .5 ,  and 5 Vdc d a t a  s i g n a l s  app l i ed  t o  the  V C O ' s ,  
The measurements were made with ,-eceived r f  power l e v e l s  of 
-73, -83 and - b 6  dBm, and with VCO d e v i a t i o n  r a t i o s  of 1 
and 2 ,  The measured va lues  are given i n  t a b l e  X I .  
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The s i g n a l - t o - n o i s e  eqslations g iven  i n  s e c t i o n  3.3 
show t h a t  t h e  FM t r a n s m i t t e r  d e v i a t i o n  produced by each of 
t h e  VCO s i g n a l s  should be p r o p o r t i o n a l  t o  t h e  frequency of 
t h e  VCO i n  o rde r  t o  o b t a i n  equa l  s i g n a l - t o - n o i s e  r a t i o s  f o r  
each o f  t h e  VCO's.  When t h e  VCO s i g n a l  l e v e l s  are set t o  
produce t r a n s m i t t e r  d e v i a t i o n  which is p r o p o r t i o n a l  t o  t h e  
VCO frequency, t h e  lower frequency VCO's  s i g n a l  l e v e l s  must 
be set  t o  r e l a t i v e l y  low values  and a r e  s u b j e c t  t o  i n t e r -  
fe rence  from in te rmodula t ion  s i g n a l s  which may be produced 
by t h e  h i g h e r  frequency VCO's .  When t h i s  occurs ,  it may 
be necessary t o  s e t  t h e  lower frequency VCO l e v e l s  t o  a 
minimum value.  

The Fbl t r a n s m i t t e r  used provided a frequency d e v i a t i o n  
s e n s i t i v i t y  of 1 2 . 2  mVrms p e r  kHz. 
reasonable  t r a n s m i t t e r  FM modulation index of 0.7 p e r  VCO, 
~t was necessary  t o  set  t h e  l e v e l  of t h e  h i g h e s t  frequency 
VCO a t  1 0  m V r m s .  I f  a cons tan t  FM modulation index p e r  VCO 
was used,  t h e  l e v e l  of t h e  channel 1 A  VCO would be 0.92 m V r m s .  
I t  was necessary  to i nc rease  t h e  minimum VCO l e v e l  t o  
5.0 m V r m s  i n  o rde r  t o  reduce t h e  d a t a  s i g n a l  no i se  l e v e l s  
t o  t h e  va lues  l i s t e d  i n  t a b l e  X I .  

In o rde r  t o  provide  a 

The VCO s i g n a l  ou tput  l e v e l s  f o r  channels 1 A  through 
9.A were se t  t o  5 , O  nVrms. The VCC! s i g n a l  l e v e l s  f o r  chan- 
nels  1 C A  through 2 1 A  were se t  t o  produce a t r a n s m i t t e r  FM 
n.-.iiilation index of 0.7 per VCO. When the  V C O ' s  a r e  
opera ted  a t  low s i g n a l  l e v e l s ,  t h e  s i g n a l s  a r e  s u b j e c t  t o  
i n t e r f e r e n c e  from extraneous s i g n a l s ,  such as t h e  t r a n s -  
l a t i n g  s i g n a l s  wh ich  a r e  p re sen t  i n  t h e  mul t ip l exe r .  The 
120  kllz t r a n s l a t i o n  s i g n a l  caused 7.0 pe rcen t  of f u l l  s c a l e  
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peak-to-peak n o i s e  on t h e  channel 1 4 A  (120 kHz c e n t e r  
frequency VCO when t h e  d a t a  s i g n a l  was set t o  0 Vdc o r  
5.0 Vdc. Reduced d a t a  s i g n a l  no i se  l e v e l s  f o r  t h e  lower 
frequency VCO's could be ob ta ined  i f  a t r a n s m i t t e r  were 
used which had a lower d e v i a t i o n  s e n s i t i v i t y .  

3.3.2 Dynamic Data S igna l  D i s t o r t i o n  

S ine  wave d a t a  s i g n a l s  were a p p l i e d  t o  t h e  VCO's. The 
t o t a l  harmonic d i s t o r t i o n  of t h e  recovered d a t a  s i g n a l s  was 
measured. 
l e v e l  of -73 dBm wi th  VCO d e v i a t i o n  r a t i o s  of 1 and 2. 
The measured va lues  a r e  given i n  t a b l e  XII. The measured 
va lues  i n d i c a t e  t h e  n o i s e  and cro ;s tz lk  con ten t  of t h e  d a t a  
signals. 

Measurements were made wi th  a r ece ived  power 

3 - 2 4  



TABLE XII. - DYNAMIC DATA SIGNAL, PERCEKT TOTAL HARMONIC 
DISTORTION, TRANSMITTED DATA TEST 

1A 

2A 

I Data I -73 dBm I 1 vco 1 Data 1 -73 dBm vc 0 Freq , kHz Freq, kHz 
Channe 1 Channe 1 

DR- 2 

1.0 . 4 4  

. 9  -48 

I % THD I 

3A . 8  

I I DR=l 

.64 

1A I 2.0 I 2.0 I 

13A 1 . 8  

14A 1.9 

1 SA 2.0 

16A 1.75 
- 

2A I 1.9 I 2.75 I 

3 . 0  

2.4 

2.6 

2.75 

3A I 1.8 I 2.8 I 

13A 

14A 

1 SA 

16A 

4A 1.75 2.85 

5.4 2 .0  2.65 

6A 1.9 2.4 

7A 1.8 2.8 

. 8  .64 

.9 .57 

1.0 .57 

.75 .45 

I I % THD 

I 4A I .75 1 .58 

8A I 1.9 I 2.75 I 

3.0 

11A 1.8 2.65 11A .45 

12A I 1.75 I 2.5 I .75 1 . 4 8  I I 

i8A I 1.75 I 2.9 I I 18A I .75 I .64 

19A 1.8 2 . 6  

20A 1.9 2.4 2 OA 

2 1A 1 .o .41 
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4.0 CONCLUSIONS 

The t e s t  r e s u l t s  i n d i c a t e  t h a t  t h e  2 1  channel IRIG-A 
VCO's can be used t o  s a t i s f a c t o r i l y  mul t ip l ex  2 1  d a t a  s i g n a l s  
which have frequency ranges o f  dc t o  2 kHz. The results 
i n d i c a t e  t h a t  t h e  q u a l i t y  of t h e  rece ived  d a t a  s i g n a l s  depends 
on t h e  d a t a  s i g n a l  d e v i a t i o n  r a t i o  used, i .e.,  t h e  frequency 
range o f  t h e  s i g n a l s  which a r e  t o  be mult iplexed.  
channels  were t e s t e d  wi th  d e v i a t i o n  r a t i o s  of 1 (dc t o  2 kHz 
d a t a  s i g n a l  frequency range) and 2 (dc t o  1 kHz d a t a  s i g n a l  
frequency range) .  The q u a l i t y  of t h e  rece ived  d a t a  s i g n a l s  
i s  cons ide rab ly  b e t t e r  when a d e v i a t i o n  r a t i o  o f  2 is used. 
The narrower d a t a  s i g n a l  low pass  f i l t e r  a s s o c i a t e d  wi th  a 
d e v i a t i o n  r a t i o  of 2 dec reases  t h e  n o i s e  conta ined  with t h e  
d a t a  s i g n a l  and reduces t h e  i n t e r f e r e n c e  caused by channel-  
to -channel  c r o s s t a l k .  When some d a t a  s i g n a l  degrada t ion  can 
be t o l e r a t e d ,  a d a t a  s i g n a l  d e v i a t i o n  r a t i o  o f  1 can be used 
t o  double t h e  frequency range c a p a c i t y  of  t h e  mul t ip l exe r .  

The VCO 

4 . 1  VCO PERFORMANCE 

The t e s t s  were performed wi th  t h e  mul t ip l exe r  ou tput  
connected d i r e c t l y  t o  t h e  d i s c r i m i n a t o r s  t o  o b t a i n  b a s e l i n e  
performance d a t a ,  s o  t h a t  any performance degrada t ion  caused 
by t h e  record ing  and t ransmiss ion  processes  could be 
determined. The maximum d a t a  s i g n a l  no i se  measured with 
t h e  FM mul t ip l exe r  connected d i r e c t l y  t o  t h e  d i s c r i m i n a t o r s  
was 3.9 p e r c e n t  peak-to-peak. The maximum value was meas- 
ured f o r  VCO channel  6 A  with  a 5.0 Vdc inpu t  s i g n a l  and a 
d a t a  s i g n a l  d e v i a t i o n  r a t i o  of 1. 
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The n o i s e  l e v e l s  measured f o r  channels  6A and 7A w i t h  
a 5.0 Vdc d a t a  s i g n a l  a p p l i e d  t o  both  VCO's is caused by 
mutual c r o s s t a l k  between t h e  VCO's. Since  t h e  channel  7A 
VCO s i g n a l  i s  ob ta ined  by t r a n s l a t i o n ,  a 5.0 Vdc i n p u t  s i g n a l  
produces a low bandedge f requency ,  whi le  a 5.0 Vdc inpu t  
s i g n a l  app l i ed  t o  channel  6A produces a high bandedge 
f:-equency. The two VCO s i g n a l  f r equenc ie s  a r e  as nea r  a s  
p o s s i b l e  t o  each o t h e r  and a maximum c r o s s t a l k  c o n d i t i o n  
e x i s t s  when a 5.0 Vdc d a t a  s i g n a l  i s  a p p l i e d  s i m u l t a e o u s l y  
t o  both  VCO's. 

The d a t a  s i g n a l  n o i s e  l e v e l s  measured f o r  channels  1 4 A  
(120 kHz) and 19A (160 kHz) a t  a d e v i a t i o n  r a t i o  of 1 were 
h i g h e r  than  t h e  n o i s e  measured on channels  o t h e r  than  chan- 
n e l s  6A and 7A ( r e f .  t a b l e  11). The n o i s e  measured on t h e s e  
channels  was caused by i n t e r f e r e n c e  produced by the  120 kHz 
and 160 kHz m u l t i p l e x e r  t r a n s l a t o r s .  The n o i s e  l e v e l s  a r e  
n o t  cons idered  excess ive  b u t  do show t he  p o s s i b i l i t y  t h a t  
t h e  i n t e r f e r e n c e  could be worse on t h e s e  channels  i f  t h e  
suppres s ion  o f  t h e  t r a n s l a t i n g  frequency a t  t he  t r a n s l a t o r  
ou tpu t  i s  inadequate .  

The d a t a  s i g n a l  d i s t o r t i o n  measurements and t h e  c r o s s -  
t a l k  measurements made a t  a d a t a  s i g n a l  d e v i a t i o n  r a t i o  of  
1 show t h a t  c r o s s t a l k  between the  channels  can be expected.  
The d a t a  s i g n a l  d i s t o r t i o n  measurements were made wi th  a l l  
VCO's s imul taneous ly  m d u l a t e d  by f u l l  s c a l e  s i n e  wave d a t a  
s i g n a l s .  The d a t a  s i g n a l  f r equenc ie s  were made unequal so 
t h a t  c r o s s t a l k  s i g n a l s  could no t  be coherent  w i th  the  d a t a  
s i g n a l  on a p a r t i c u l a r  VCO channel ,  The maximum da ta  s i g n a l  
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d i s t o r t i o n  was 3.0 p e r c e n t ,  This  va lue  was measured f o r  
channels  13A and 18A a t  a d e v i a t i o n  r a t i o  of 1. The c r o s s t a l k  
i s  i n h e r e n t  and can be  reduced e f f e c t i v e l y  only by i n c r e a s i n g  
t h e  spac ing  between t h e  VCO f r equenc ie s  o r  by i n c r e a s i n g  t h e  
d e v i a t i o n  r a t i o ,  The maximum d a t a  s i g n a l  d i s t o r t i o n  was 
0.65 p e r c e n t  when t h e  d e v i a t i o n  r a t i o  was i n c r e a s e d  t o  2. 

The channel - to-channel  phase e r r o r  tests were made by 
apply ing  a s i n g l e  s i g n a l  t o  a l l  t h e  VCO's and by measuring 
t h e  phase d i f f e r e n c e  oetween t h e  s i g n a l s  a t  t he  d i s c r i m i n a t o r  
d a t a  s i g n a l  low pass  ou tpu t s .  The maximum phase s h i f t  between 
channels  was 19 degrees  f o r  a d a t a  s i g n a l  frequency of  2.0 kHz; 
t h e  phase s h i f t  decreased  i n  approximate p ropor t ion  t o  the  
s i g n a l  f requency a s  t h e  d a t a  s i g n a l  f requency was decreased ,  
and was a maximum of 5.6 degrees  a t  a d a t a  s i g n a l  f requency 
of 0.5 kHz. Phase s h i f t  c a l i b r a t i o n  of t h e  channels  would 
be r e q u i r e d  i f  t he  time c o r r e l a t i o n  between d a t a  s i g n a l s  
must be more a c c u r a t e  than  t h a t  which i s  i n d i c a t e d  by t h e  
measured phase e r r o r s .  

4 , 2  RECORDING TESTS 

Test results i n d i c a t e  t h a t  some degrada t ion  i n  d a t a  
s i g n a l  q u a l i t y  w i l l  occur  due t o  t ape  no i se  ( r e f .  t a b l e s  I X  

through XIT). However, t h e  deg rada t ion  i s  minimal and t h e  
t e s t  r e s u l t s  a r e  cons idered  t o  be s a t i s f a c t o r y .  The peak- to-  
peak n o i s e  measured w i t h  dc d a t a  s i g n a l s  was a raximum cf 
1 . 8  pe rcen t  when a d a t a  s i g n a l  d e v i a t i o n  r a t i o  of 2 was used; 
t h e  peak-to-peak n o i s e  was a maximum of 6.0 p e r c e n t  when a 
d e v i a t i o n  r a t i o  of 1 was used. The t o t a l  harmonic d i s t o r -  
t i o n  measured wi th  s i n e  wave s i g n a l s  on a l l  VCO channels  was 
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a maximum of 0.86 percen t  when a d a t a  s i g n a l  d e v i a t i o n  r a t i o  
of  2 was used; t h e  maximum d i s t o r t i o n  was 3.3 p e r c e n t  when 
a d e v i a t i o n  r a t i o  of 1 was used. 

The tests which were performed wi th  induced t ape  speed 
f l u t t e r  l e v e l s  of 2 . 4 2  and 4 . 5  percen t  show t h a t  t h e  f l u t t e r  
n o i s e  can b e  reduced e f f e c t i v e l y  by t h e  t a p e  speed compensa- 
t i c n  equipment. The 4 . 5  p e r c e n t  f l u t t e r  l e v e l  i nc reased  t h e  
peak-to-peak n o i s e  from a maximum o f  6.0 p e r c e n t  (no r e c o r d e r  
f l u t t e r )  t o  a maximum of 8.0 p e r c e n t  when a d a t a  s i g n a l  
d e v i a t i o n  r a t i o  of 1 was used,  and from a maximum of 1.8 p e r -  
c e n t  (no r e c o r d e r  f l u t t e r )  t o  a maximum of 2.5 percen t  when 
a d e v i a t i o n  of 2 was used. A s i g n i f i c a n t  i n c r e a s e  i n  d a t a  
d i s t o r t i o n  was found when f l u t t e r  was induced. The recorded  
s i n e  wave d a t a  s i g n a l s  a r e  frequency modulated by t h e  
r eco rde r  f l u t t e r ,  The d i s t o r t i o n  measured i i nc reased  
because of t h e  s idebands around t h e  d a t a  s i g n a l s  which a r e  
caused by t h e  frequency modulation. Tape speed compensation 
equipment which would e l i m i n a t e  f requency modulation of t he  
d a t a  s i g n a l s  is not  a v a i l a b l e ,  The d i s t o r t i o n  measured a t  
a d e v i a t i o n  r a t i o  of 1 i n c r e a s e d  from 3.3 pe rcen t  (no f l u t t e r )  
t o  a maximum of 5 .5  percen t  when 4 . 5  percen t  f l u t t e r  was 
induced. 

4 , 3  RF TRANSMISSION TESTS 

The tes t  r e s u l t s  show t h a t  t he  2 1  I R I C - A  VCO channels  
can be  t r a n s m i t t e d  s a t i s f a c t o r i l y  us ing  a S-band rf t r a n s -  
m i t t e r ,  and t h a t  s t anda rd  Fbl s i g n a l - t o - n o i s e  r a t i o  calcula- 
t i o n s  can be made t o  p r e d i c t  t he  d a t a  s i g n a l  s i g n a l - t o - n o i s e  
r a t i o  t h a t  w i l l  be experienced f o r  a p a r t i c u l a r  r e c e i v e r  
r f  power l e v e l .  
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For a Yeceived power l e v e l  of -73 dBm, (estimated 
minimum value  which would be  r ece ived  from the  S h u t t l e  
v e h i c l e ) ,  t h e  maximum peak-to-peak n o i s e  l e v e l  was 1.2 p e r -  
c e n t  f o r  a d e v i a t i o n  r a t i o  of 2 and 7.0 p e r c e n t  f o r  a devia-  
t i o n  r a t i o  of 1. Add i t iona l  tests were performed w i t h  the  
r ece ived  r f  l e v e l  decreased  t o  l e v e l s  which a r e  n e a r  t h e  
r e c e i v e r  t h r e s h o l d ,  Although d a t a  ob ta ined  a t  t he  lower 
r f  l e v e l s  a r e  degraded by t h e  r e c e i v e r  n o i s e ,  t h e  deg rada t ion  
i s  no t  s e v e r e ,  and t h e  d a t a  ob ta ined  wi th  t h e  r ece ived  r f  
l e v e l  se t  t o  -86  dBm i s  cons idered  t o  be accep tab le .  

While t h e  tes t  r e s u l t s  a r e  cons idered  s a t i s f a c t o r y ,  i t  
was necessary  t o  s e t  t h e  VCO output  s i g n a l s  a t  r e l a t i v e l y  
low l e v e l s  t o  o b t a i n  reasonable  t r a n s m i t t e r  f requency devia-  
t i o n ,  and t h e  s i g n a l s  were s u b j e c t  t o  i n t e r f e r e n c e  from 
ext raneous  s i g n a l s ,  such a s  those  gene ra t ed  i n  t h e  m u l t i -  
p l e x e r  t r a n s l a t o r s .  The t e s t  r e s u l t s  could be improved 
i f  a t r a n s m i t t e r  wi th  a lower frequency d e v i a t i o n  s e n s i t i v i t y  
were used. T h i s  would a l low the  VCG s i g n a l  l e v e l s  t o  be 
r a i s e d  so t h a t  t h e  s i g n a l s  would be l e s s  s u s c e p t i b l e  t o  
i n t e r f e r e n c e .  
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TASK 60 TEST PROCEDURL 
EVALUATION OF TWENTY -ONE "A" XANNEL 
CONSTAND BAYDWIDTH FM MULTIPLEXER 

1 . 0  INTRODUCTION 

The tests described in this procedure are for evaluating 
a 21-channel constant bandwidth (CBW) FM Multiplexer. They are 
conducted to provide typical data and operating characteris- 
tics of the translated system of "A" channels, which are 
located at center frequencies of 16 to 176 kHz. 

Sonex, Inc. voltage controlled oscillators (VCO's), and mixer 
amplifiers are mounted remotely and are cable connected to 
the summing chassis which contains the reference oscillator, 
translators and final mixer. (See figure 1-1.) The VCO 
modulation package is contained as part of the task 60 bread- 
boar.'. External test equipment includes the data signal 
simulators or stimuli to the VCO's. The FR 1300 simulates 
an onboard recorder configuration; the wideband ( 2 2 7 2 . 5  MHz, 
10 watt) transmitter, also on the task 60 breadboard, provides 
the rf transmission mode for the CBW. Evaluation test equip- 
ment is primarily contained in the development flight instru- 
mentation (DFI breadboard ground support equipment (CSE) and 
a CBW detra:lslator/discriminator rack assembly. 

The static tests at center and bandedge frequencies 
provide noise data for worst case conditions. 
simulation of the VCO's to both bandedges gives a represen- 
tation of total harmonic distortion. This procedure treats 
the two tests independently. Both recorded and transmitted 
data will be taken for the two basic types of tests. 

Dynamic 
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Previous CBW modulation tests (Ref. EE-5-73-501, Task 6 0  

Initial CBW Modulation System Test Report) indicated that 
adequate signal quality could be obtained with a transmitter 
deviation of 0 .7 ,  a total peak deviation of SO4 kHz for the 
12 channel, six translated system. Therefore, this deviation 
factor will be used in these tests for comparison. 

Both static and dynamic tests will bt Derformed using 
an instrumentation recorder, intermediate ..lwidth (300 Hz 
to 300 kHz), and an rf receiver (3300 kHz I t -  I , .  

Tests will be conducted at modulation indexes of 1 
and 2 ,  where: 

Mod index 1 - 2 kHz low pass filters (LPF) are installed 
in data discriminators. 

Mod index 2 - 1 kHz filters are installed in data 
discriminators. 

The equipment list sheet should be maintained throughout 
these tests. The test equipment and procedure may be modi- 
fied at the discretion of the test conductor in order to 
obtain the required data. Test configuration and signal 
path data sheets are to be maintained to supplement the 
procedural figures. 
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3 . 0  - F"4TIC STIMULATION NOISE TEST 

2.1 CALIBRATION 

Basic Method.- Calibrate the oscilloscope and discrim- 
inators so that 100 mV deflection on the oscilloscope will 
indicate 1 percent. This is accomplished using the TM Cali- 
brator and adjusting each discriminator output for + S  Vdc at 
bandedges and 0 Vdc at center frequency. 

Alternate Method.- Apply +2.S Vdc stimulus to all VCO's 
on the modulation package. Set the discriminators for 0 Vdc 
as read on the oscilloscope. Vary stimulus to + 5  Vdc and 
adjust discriminator output for a + S  Vdc response as read 
on the oscilloscope. Repeat, using 0 Vdc. Repeat these 
steps as  often as needed to establish a 4 5  Vdc from bandedge 
to bandedge as indicated on the oscilloscope. Perform 
calibration on each discriminator to be used. 

2.2 RECORDER SETUP 

Using the Ampex FR1300 operations manual, ensure that 
recorder direct-record/reproduce amplifiers are set up for 
60 ips. Check record level by measuring the third harmonic 
level with a wave analyzer. With a flutter meter, measure 
the nominal recorder flutter characteristic. Perform a 
frequency response cFJck €or these CBW test frequencies, 
measurc the signal-to-noise ratio, and record on data sheet 
A - 7 .  Perform tape and recorder slot noise measuxements per 
data sheet instructions ( A - 7  and A - 8 ) .  
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2.3 SYSTEM BASELINE DATA 

Performance check of VCO's and mixers shall have been 
performed previously with the special 21-channel chassis 
prior to these tests. CBW test system and support equip- 
ment baseline noise is measured and recorded according to 
the following steps. See figure 2-1. 

1. 

2 .  

3 .  

4 .  

Apply +2.5 Vdc stimulus to all VCO's by setting 
the Epsco Power Supply to +2.S Vdc. 

Set the composite package output using a wave 
analyzer. Monitor the mixer amplifier output, 
and adjust each data VCO for 0.070 Vrms and the 
240 kHz reference oscillator component for 0.140 Vrms. 
Ensure that the 2 kHz filters are in the discrim- 
inators. Record data on sheets A-11 through A-14. 

Using the Tektronix oscilloscope, monitor the 
discriminator output and record the peak-to-peak 
noise levels in percent for each channel. Repeat 
test with Epsco set at +5 Vdc (upper bandedge) 
and 0 Vdc (lower bandedge). 

Monitor the bandpass filter of each discriminator 
using the Beckman counter, and record frequencies 
for each of the following conditions: 

0 Vdc stimulus 

+ S  Vdc stimulus 

+ 2 . 5  Vdc stimulus 

NOTE: Wideband amplifier (HP 4 6 7 A )  is required 
to raise signal levels to the triggering 
level of counter. 
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5. Repeat the above with 1 kHz filters for MI = 2; 
a repeat of step 4 is not required. 

2.4 RECORDED DATA 

Configure the Ampex FRl3OO and test equipment as des- 
cribed in figure 2-2. 

2.4.1 Recording Procedure 

1. 

2. 

3 .  

4 .  

5. 

6 .  

NOTE: Mod package set per baseline test. 

Set stimulus (Epsco) for +2.5 Vdc. 

Verify that VCO and reference levels are per 
baseline test, and that 1 kHz filters are 
installed in the data discriminators. 

Read and record composite signal amplitude 
prerecording using HP 3400 for true rms and 
oscilloscope for peak-to-peak volts. 

Record data with stimulus (Epsco) set for 
0 Vdc, + 2 . 5  Vdc and +5 Vdc. Record suffi- 
cient data at each point to allow for making 
measurements of percent noise and frequency 
for each VCO on playback. 

Play back recording, making measurement of 
percent noise, frequency of  each VCO and 
reference, composite signal (rms) and peak- 
to-peak. Record on data sheet A-15. 

Induce approximately 2 . 5  percent flutter on 
tape recorder. 
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NOTE: Flutter shall be induced by adding 
tape to the capstan and repeating 
measurements of tape recorder 
flutter until conditions of steps 6 
and 9 are met. 

7. Measure percent flutter on tape recorder, 
test frequency SO kHz, bandpass 2 to 5 kHz, 
PK switch at 20.  

8. Repeat steps 4 and 5. Record 011 data sheet A-16. 

9. Induce approximately 5 percent flutter on 
tape recorder. Measure per step 7. 

10. Repeat steps 4 and 5. Record on data sheet A-17. 

11. Change discriminator filters to 2 kHz and 
play back the recordings made in steps 5, 
8 ,  and 10. Record the data on sheets A-18, 
19 and 20. 

2 . 5  TRANSMITTED DATA 

2.5.1 Preliminary Steps 

1. Connect equipment as described in figure 2 - 3 .  

2 .  Set up modulation package preemphasis 
according to the deviation schedule 
(appendix sheet A- 10). Measure and record 
the VCO levels, the composite rms, and 
peak-to-peak voltage at the transmitter 
inpit. Disable the mod package 2 4 0  kHz 
referencc frequency. 
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3 .  Set up TMR74 receiver for 3300 kHz IF bandwidth 
and 2 5 0  kHz video bandwidth. 

4. Configure rf components per appendix sheet A - 9 .  
Apply power to the Conic transmitter and 
measure the power level at the 20 dB power 
attenuator output. Reconnect per figure 2 - 3  
and measure power at the cable end to the 
receiver, with both R1 and R2 set tc zero. 
Subtract these two numbers and add 20 dB for 
the fixed path loss. Measure power level at 
the - 3 0  dB sampling port of the first coupler. 
To this measurement add 50 dB, thus giving 
the transmitter power. Perform calculations 
for variable attenuator settings for the 
total received power per the rf setup and 
calibration data sheet A - 9 .  

5. Complete the cabling between the Conic trans- 
mitter, the rf attenuator, coupler, and 
receiver. Apply modulation to the transmitter, 
dial maximum attenuation, the?i apply trans- 
mitter power. Readjust rf attenuator 
corresponding to xiir. first rf level on the 
appendix data sheet A - 9 .  

6. Ascertain that 2 kHz filters are installed 
(MI = 1). 

2 . 5 . 2  Transmitting Procedure 

1. Read and record percent noise and VCO fre- 
quency for each channel, with rf level set 
for - 7 3  dBm. Record data on sheets A - 2 1 ,  2 2  and 2 3 .  
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2 .  Reset attenuators corresy..vding to  - 8 3  dBm. 
Repeat step 1 ,  except for frequency measurement. 

3 .  Reset attenuators corresponding t o  -86 dBm. 

4 .  Repeat step 1 ,  except for frequency measurement. 

5 .  Insta l l  discriminator 1 kHz f i l t e r s  (MI = 2 ) .  

6 .  Repeat steps 1 through 4 .  Record data on sheets 
A - 2 4 ,  25 and 2 6 .  

! 
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3 . 0  DYNAMIC STIMULATION DISTORTION TESTS 

3.1 PRELIMINARY STEPS 

The equipment shall be configured as shown in figure 3-1. 
Signal generators (oscillators) are set to dynamically stimu- 
late the CBW subcarrier oscillators according to the 
following: 

CBW dynamic test signals 

1. Discricinator MI = 1 (2 kHz Filters) 

CH lP., SA, 9A, 15A, 17A, 21A = 2.0 kHz 

CH 2A, 6A, 8A, 14A, 20A = l.S kHz 

CH 32., 7A, 11A, 13A, 19A = 1.8 kHz 

CH 4A, 10A, 12A, 16A, 18A = 1.75 kHz 

2. Discriminator MI = 2 (1 kHz Filters) 

CH lA, SA, 9A, lSA, 17A, 21A = 1.0 kHz 

CH 2A, 6A, 8A, 14A, 20A = 0.9 kHz 

CH 3A, 7A, 11A, 13A, 19A = 0.8 kHz 

CH 4A, 10A, 12A, 16A, 18A = 0.75 kHz 

3.2 CALIBRATION 

Reference the tape recorder, transmitter, receiver and 
rf path setups in the previous static tests. No changes are 
required. VCO output amplitudes must be checked with only 
the +2.5 Vdc stimulus applied to their inputs. 
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3 . 3  SYSTEM BASELINE DATA 

Using the DFI breadboard and GSE, set up the equipment 
as shown in figure 3 - 2 .  External oscillators will be required 
as well as a harmonic distortion analyzer. 

3.3.1 Baseline Data 

1. Set up bias power supply for (+) 2 . 5  Vdc, into 
common VCO input for VCO center frequency 
adjustment. Record data on sheet A - 2 7 .  

2 .  With the wave analyzer, measure and reset VC(? 
levels t o  70  mV and reference to 140 nV. 

3 .  Connect bias supply to the oscillators as 
shown; enable the 2 4 0  kHz referenLe oscillator. 

4. Set oscillators to the above frequencies for 
MI = 1 with dial accuracy; set output levels 
to 5 V pk-pk, using the oscilloscope. 
Reference paragraph 3.1 for frequencies and 
distribution. 

5 .  Ensure that discriminators contain 2 kHz filters. 

6. Read and rect-.-d on the data sheet the total 
harmonic distortion (THD) for each of the dis- 
crimirrator channel outputs. Record on data 
sheet A - 2 7 .  

7 .  Change discriminator filters t o  1 kHz and t a s t  

frequencies for blI = 2 ;  repeat steps 6 and 7. 
Record on data sheet A - 2 7 .  
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3.3.2 Interchannel Crosstalk 

Obtain basic noise data from sheet A-13, and use in 
ohtaining the crosstalk component. 

1. Stimulate channel 6A with 2 kHz, 5 V pk-pk, 
and measure the percent noise on each of the 
remaining channel outputs. 
sheet A- 32.  

Record on data 

2. Stimulate, in turn, channel 11A, 16A, and 21A; 
Record and repeat measurements as per step 1. 

data on sheet A - 3 2 .  

3.3.3 Interchannel Phase 

Assuring setup of VCO outputs for recording levels, 
simultaneously apply a test signal to two channels, per 
sheet A - 3 3 .  The test signal amplitude shall be 5 V peak-to- 
peak. With a phase meter measure the adjacent channels' 
phase lead or lag. Record data on sheet A-33.  

1. Perform the measurement with test signal 
at 2 kHz and with 2 kHz LPF's. 

2.  Change signal frequency to 1 kHz, a.ia repeat. 

3 .  Change to 1 kHz LPF's and repeat. 

4 .  Reduce signal to 500 Hz and repeat measurement. 

I 
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3 .4  RECORDED DATA 

Change equipment setup to include the Ampex FR1300 
between the mod package and the detranslator discriminators, 
as in the static tests previously run. See figure 2-1. 

1. 

12. 

3 .  

4 .  

5 .  

6 .  

Read and record the composite signal amplitude, 
volts peak-to-peak, and volts rms. 

Record data with oscillators set t o  5 V pk-pk, 
and record sufficient data to allow time for 
THD measurements on each channel. 

Play back recording, measuring the THD for 
each channel through 1 kHz discriminator 
filters (MI = 2 ) .  Record data on sheet A - 2 8 .  

Rewind tape and change filters to 2 kHz and 
reset oscillator frequencies. Then play back 
recording, measuring the individual channel's 
THD. 

Use same equipment as in the paragraphs above. 
Add tape to the recorder capstan t o  provide 
X 2  percent flutter. Repeat steps 1 through 4 .  

Record data on sheet A - 2 9 .  

Repeat step 1 above, but change tape to provide 
z5 percent flutter. Record data on sheet A - 3 0 .  

3 . 5  TRANSMITTED DATA 

3.5.1 Preliminary Steps 

Configure CBW system per figure 3 - 3 ,  and perform checks 
to assure rf path setup per section 2.5.1. Disable t h e  
240  kHz reference oscillator. 
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3 .5 .2  Transmitting Procedure 

1. With the rf level set for - 7 3  dBm, read and 
record the test signal frequencies and 
measure the total harmonic distortion (THD) 
for each channel. The test signals are set 
up for MI = 1 data. Record data on sheet A - 3 1 .  

2 .  Install discriminator 1 kHt filters; repeat 
step 1 with the MI = 2 test signal frequencies. 
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