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7 b . s  report  describes a se r l e s  of t e s t s  t o  evaluate wide-band 
mlcrowave l l n k  equipment for remotlng radar  data for air t r a f f l c   con t ro l  
paqoses .   Tests  were eondurted from .'Uly 1, 1956, to J a y  1, 1957. m e   t e s t s  
lnd lca te   fbe   e lec t r lca l   charapter i s t lcs  of the link were satisfactory for 

polnt, of re l labi l l ty ,  however, the lmk was not adequate f3T air t r a f f i c   con t ro l  
remating radar  data used for alr trafflc  control  purposes.   Romtbe  stand- 

pbrpcses 

INTRODUCTION 

The  microwave equipment used for   these   t es t s  was manufactured  by 
Notorela, Snc., ar.d leased by the  CAA T e c h l e a l  Development Center (TDC) from 
the  Indiana B e l l  Telephone 60. It was Ins ta l led   ear ly  in 1956, t o  transnut 

'PDC at Welr Cook Munlclpal A l r p o r t ,  Indianapolls,  Ind+ana. The to ta l   l ength  
radar data from an A m  Defense Comnand CPS-6B radar a t  Rockville,  Indiana, t o  

of t h ?   l m k  IS approximately 60 rmles. The microwave llnk m s t a l l a t l o n  was 
sponsored or lg ina l ly  by the A l r  Navigatlon Development Board t o  provide a rad- 
enurroqent   for   the  Airways Operatlons  Evaluatlon  Center at  TEC and for   the  
purpose  of conducting a technical evaluation of a wlde-band radar remotfng 
system. T%is equipment 1s the commercial equivalent of t h e  h t o r o l a  MRR-3 
system. I n  additlon t o  the  t emnal  equlpment a t  Rockville  and  Indianapolis, 
there   a re  two repeater  statlons  located a t  Lena and Montclalr,  Indiana. figure 1 

Fig, 2 
shows a diagram of the  system. The Rockvflle and TDC t e d n a l s  are  shown In 

EQUTPL4XXC DESCRIPTION 

Four data channels are  provlded i n  the  microwave system t o  rmte  
long-range  search vldeo, beacon  vldeo,  tbree combined ve r t l ca l  beam videos, 
azlmuth  znformatfon, and t r lgger  and range marks. Data are  transmltted In 

7,400 Mc. The two r-f c a r r l e r s   u t i l l z e  a e o m n  antenna at Rochi l l@ and also 
one dlrection  only on two radio-frequency ( r - f )  channels between 7,100 and 

one f o r  transrmttlng  both carriers. Each r-f channel 1s capable of t ransnut tmg 
at, 736.  %e repeaters  conslst  of one antenna  for  recelvlng  both  carrlers and 

a video slgnal conta ln~ng frequencies as R l g h  as  5 Mc. Channel A carrles  search 
vldeo  (deslgnated as Video 11 ,  azmuth, and t r lgge r  information. Both the  
trigger and sea rch   ndeo   mpu t s   t o   t he  11nk equlpment are posl t lve  s ignals .  
WlChln the  equipment the  search vzdeo is  mverted,  the  negative  search. 

bandwidth from 0 to 2,5 Mc, Azmuth laformatlen  modulates t b e e   s u b e a r r l e r s  
video and posit lve  tr igger  then are mixed and f i l t e r e d  t o  occupy a vldeo 

Charinel A. 
at 3.5, 4.0, and 4.5 Mc m d  uses  the  remalnlng 2,5- t o  5.0-Mr portlon of 
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Beacon  video IS carrled  on  radalo-frequency  Channel B The  posltive 

fLquency cutoff  of the  fllter 1 s  2.5 Mc. Posltlve  range marks also are  fed 
-*mm Input ndeo 1 s  Inverted and coupled to a low-pass fllter me high- 

K C  Ltre  same  low-pass  fllter.  The  combined  beacon  and  range marks, deslgmted 
86 Vldeo 2, oecupy  the 0- to 2.5-Mc portion  of Channel B. Video 3, whlch 
contalm the combmed vldeo  of 3 vertlcal  beam  radars,  modulates a 5-Mc earnero 
T ~ L S  modulated slgnal 1s flltered  to  remove  Its  upper  sideband  The  output 
contalns  frequencles  from  2.5  to 5 0 Me. By  mixing  Video 2, range mrks, and 
Vldeo 3, a bl-polar  vldeo  slgnal  containvlg  frequency  components  from 0 to 5 
M c -  IS produced  whlch  occuples  radio  frequency  Channel B. 

Each  of  the  two 5-Mc vldeo  channels  are  ampllfled and used  to 

through a common wavegulde  to  the  antenna  system.  At  the T W  end  of  the  link 
frequency-modulate  two  separate  klystrons.  The  two r-f channels  are  fed 

the slgnals  are  detected,  demodulated,  and  separated Into three  vldeos, 
trlgger,  range marks, and  rotational  data. 

PERFORMANCE TESm 

An ideal  mlcrowave llnk transmlsslon  system will furnlsh  output 

relatlonshlps,  dlstorts pulse  shapes, adds nolse,  or ~ntroduces cross-talk 
radar  data  ldentlcal  to the  Input  data  If  the  link changes  the amplitude 

between  channels,  then  the  lnput 1 s  not  reprpduced faithfully at  the outpG. 
The  tests  descrlbed  below  were  conducted  to  deterrmne  the  degree of change 
between lnput and  output  slgnals and also  whether  these  dlfferences  can  be 
tolerated In a m  trafflc  control (AW) appllcatlons 

Amplitude Lmearlty 
To detemlne the  amplltude  lleearlty  of  the  system, a one-mcrosecond 

pulse was applled  to  the  Input of each  channel  and  varied  in  amplltude  from 0.1 
to 5.0 volts.  Input  and  output  readlngs  were  recorded  simultaneously.  Test 
results  obtalned  are  plotted m Fig 3 Prlor  to  these  measurements,  the 
entlre  llnk was adpsted for 2 5 to 300 volts  output  wlth a 2,O-volt  input 

than Video 3. Perhaps thls 1s because Vldeo 1 and  Vldeo 2 each are inverted 
slgnal The curves  for Video 18nd Vldeo 2 are  simllar, but  somewhat  dlfferent 

and  each  occupy  the 0- to 2-5-M~ portlon of thelr  respective  channels,  whereas, 
Vldeo 3 modulates a 5-Me  subcarrler  and  occup?es  the 2 5- to  5-Mc  reglon  of 
Its Channel.  The  dlfferences,  however,  are  not  too  slgnnlflcant  and  the 
mphtude llnearlty 1s consldered  satlsfactory  for  the  normal  range of input 
slgnals from 0 to 3 volts  Beyond  thls  rang?  the  llnearlty 1s poor.  Slgnals 

at  Vldeo 1 and Vldeo 2 outputs. 
larger  than 3 volts  appear  very  much  larger  at  the  Vldeo 3 output  and  smaller 

Brgh-Frequency  Response. 

optimum slgnal-to-nolse  ratlo  conslstent  wxth  other  performance  requirements. 
The  frequency  response  of  the lmk system  must  be  such  that  it  wlll  not  alter 
materially the  bandwldth  of  the  data  to be remoted. To determine thls, 
a serles  of  tests was devlsed  to  measure  both $I&- and  low-frequency  response. 

Each  radar 1 s  deslgned  wlth a pulse  wldth  and  bandwldth  that  provlde 
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7 % ~  rise tune of a pulse  at  the  output of the llnk is related  to  the hlgh- 
'reydency  response of the  system  and can be  expressed  as 

where 
Rx, = rlse  tune  of  the  link, 
RIN = rlse  tlme of the  lnput  pulse,  and 
Rg = rlse  time  of  the  output  pulse. 

In ths test a pulse  wltb a rise  tlme  of 0.04 mlcrosecond was 

Vldeos 1, 2 ,  and 3 showed  rlse  tunes  of 0 15, 0.2, and 0.25 mlcrosecond, 
mtroduced into  each  video  channel.  Measurements of the  pulse  outputs Of 

ponds  to mse times 'of the 3 vldeo  channels of approxlmately 0.14, 0.2, and 
respectlvely.  See  Flgs.  4A,  4B, and 4C Uslng  equatlon (l), thls  corre- 

0.25 mlcrosecond,  respectlvely. An approxlmate  relatlonshlp  between  rise  time 
and  bandwldth 16 1 

0 35 

rlse tme 
bandwidth = 

gives  bandwldths of 2.5, 1.8, and 1.4 Mc, respectlvely,  for  Videos 1, 2, 

decrease m amplitude wlth  frequency,  and  In  thls  case  the  decrease m ampll- 
and 3. These  values  are  approximate smce they  are  true  only  for  gradual 

wldth 1s less than the 2 5-Mc deslgn  objectlveo  For  remoting  long-range  radars 
tude  with  frequency 1s qulte  rapld.  Nevertheless, It seems  that  the  band- 

more  than  adequate 
uslng  pulse  wldths of 2 microseconds  or  longer,  the  bandwldth  of  the l m k  is 

In addltlon  to high-frequency measurements of the  three  video  chELnnels. 
measurements  also  were  made  of  the  bandwldth  of r-f Channel B o  A test  pulse 
wlth  an  OaO4-mfcrosecond  rlse tme was  applied to the  lnput  of  Channel B and 
Its rlse tune, Flo, of 0 08 microsecond was ObseNed, See Fig- 40. Uslng 
equatlon (11, the rlse time, RL, of  Channel B 1s 0.07 mcrosecond for a 
bandpass of approximately 5 

Lou-Frequency  Response. 

to the  llnk  Inputs,  such  as  those  caused  by  preclpltatlon or ground clutter, 
Low-frequency  measurements  were  made  by applpng Long vldeo  pulses 

and  measurlng  their  deterloratlon  at  the  outputs. A pulse 200 mcroseconds 
wide  followed 5 mlcroseconds  later  by a 1-microsecond  pulse was applled as a 
test  signal  to  each  input-  The  input  test  pulses had a "flat  top"  or near 

Vldeo 2 had an 18 per  cent  droop,  and  Vldeo 3 had a 10 per  cent  droop.  In all 
zero  droop. The output  pulse In the  case  of  Video 1 had a 40 per  cent  droop. 

cases  no  attenuation  of  the 1-m~crosecond pulse following the  long  pulse  could 

All1 Book Co., Inc., 1952, p" 327. 
'F. Ec T h e m  and J. M. Pettlt,  "Electronics  Measurements,"  McGraw- 
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be  detected,  Although  these  measurements  lndlcate  some loss ln  low-frequency 
response,  it was concluded  that  the  response  obtalned  is  satisfactory  for A X  
applwatlons 

Resolutlon. 

width  and  over-all  bandwidth As part of the  bandwldth  measurements  of  the 
hnk, a speclfic  test  concernlng  the  abllity  to  resolve  two  closely  spaced 

used  to  measure  link  resolutlon. Two test  pulses,  each  1-microsecond  wlde 
pulses was made Test  signals  wlth  variable  pulse  widths  and  spacing  were 

with a 0.25-microsecond  rlse  time,  were  applied  to  each  vldeo  Input.  Pulse 
spaelng  of  the  test  slgnals  was  reduced while obsernng the  link  output. 
When  the  traillng  edge  of  the  flrst  output  pulse  Just  met  the  leading  edge  of 
the  second  output  pulse,  It was noted  that a slrmlar  condltlon  exlsted  at  the 

nor appreclably  altered  the  rlse  tune  of  the  tralllng  pulse.  The  output  nolse 
input  terminals  The hnk, therefore, had not  stretched  the  leading  pulse 

level dunng these  tests was about 0.2 volt.  The llnk output  then was con- 
nected  to an SPA-8 radar  mndicator.  Two-rmcrosecond  spaclng  from  the  trailmng 

to  resolve  these  targets  on  this  radar  lndlcator.  These  observations  were 
edge  of  the  flrst  pulse  to  the  leadlng  edge of the  second  pulse  was  required 

made at a range  of approximately 5 miles  with  the  Indicator  adjusted for  a 
maxuaum range of 10 miles  It  was  concluded  that  the llnk had acceptable 
resolutlon  for An: purposes 

Internal  Nolse 

Each  radar  has an inherent  range  resolution  determined  by  Its  pulse 

Thermal  Noise. 
The  noise  level  of  the llnk was observed  on  many  occaslons  during 

the evaluation period. men the  link  was  operatlng  normally,  and  with  unity 
gam from  input  to  output  (2  volts),  the  output  nolse  level of the 3 video 
channels vaned from 0.1 to O m 2  volt  (peak), a 2$db to 20-db  slgnal-to- 
nome ratlo. ! i k s  noise  level 1s that  contrlbuted  by  the  llnk  only.  It was 
detemned by shortlng the llnk Input  ternunals. 

Slnce  the  link 1 s  frequency-modulated,  the  amplitude  of  the  output 1s 
dlrectly  related  to  frequency  deviatlon. If the  devlatlon of any  path is 
lower than normal,  the  output  slgnal  is  correspondingly  lower.  Noise,  however, 
1s not  related  to  frequency  devlatlon  but  rather  to  the gam and bandwldth  of 

modulation ampllfler  which causes  the frequency deviation to  decrease  causes 
the  system. Any aging  of components and  tubes associated wlth  the  klystron 

the  output  signal  level  to  drop. A gam adJustment  to  restore  the  output 
slgnal  level  lncreases  llnk  nofse  level  also and decreases  the  signal-to-noise 
ratlo  of  the  system  It IS easy  in  dally  operatlon  to  assume  rmstakenly  the 
hlgher  nolse  level In the  output 1 s  part  of  the  radar  Input signal, whereas, 
In reallty,  it may be  caused by a malfunctioning of the link 

Due to  noise  generated  by  the  link,  the  output ndeo differs  from 
the  input. In the  absence  of an input signal there  is  constant  output  noise 

to  path loss, bandwidth,  and gam. A more  detailed  lnvestlgation  of  thls noise 
of  approxmately 0.2 volt. This  noise 1s inherent m the  link  and  is  related 

was  not  made,  however,  remdtlng  nolse,  llke  radar  system  noise,  obviously ~111 
reduce the maximum range  of the radar 



5 

B m ,  
A loca l  condltlon at  the  recexvmg  terminal at  Indianapolis 

occ-asmnally  caused a large amount of 60-cycle-per-second  (eps) hum t o  appear 
on all  outputs. Thls condltlon was partlally  corrected  by  provldlng a good 
ground for t h e   t e m n a l  equpment and by providing an a w l l l a r y   d l s t r i b u t i o n  
ampllfler  for  each of the   three  outputs .   Certain  hm was found in   the  llnk 
I t s e l f ,   b u t   t h i s  was not  ObJectlonable when the hum balance  potentlometers 
on the modulation ampllflers of each transmitter were adjusted  properly. 

Interference. 

radar and from VEFIUKF coennmlcations transmltters.  No interference from 
these  servlces was noted. The l i nk   r epea te r s   a t  Lena and Montelair, Indiana, 
are  a t  Amerlcan Telephone and Telegraph Co. s l t e s  where other microwave systems 
also  are  repeated. No Interference from these  sources was noted A t  the  

ASR-2 radar  antenna is located  ten  feet  above t h e  l i n k  recelvlng  reflector 
reselvlng  terminal, a number of potentlal   interfering  sources  exlst  One 

on the  same tower Another f i q - 2  radar 1 s  located  approximately  1/4-mle 

The ASR-2 radars operate  In  the 2,700 - 2,900-Mc band and the  ES-8 radar 
d ls tan t  and one Fps-8 radar  system  also i s  l jk-mile from the l l n k  equpment. 

ASR-2 l / $ -mle   d l s t an t  measured 0.5-volt on the  vldeo  output  terminals. This 
operates   in   the 1,280 - 1,350-Mc band. Interference  encountered from the  

shielding  the microwave terminal  bulldmg  with  alurmnm-backed  paper  reduced 
Interference was enterlug  the demodulation equipment d l r ec t ly  Completely 

th i s   i n t e r f e rence   t o  an acceptable  level of less   than 0.05 vol t .  

The transmlttmg  termlnal 1 s  located  several hundred fee t  from the  

The F"S-8 radar  located  1/4-rmle from the  receiving terminal 
radiates  one megawatt peak power. Thls radar l n l t l a l l y  produced objec- 
t lonable  interference a t  the  link  video  output  terminals. Wlth the  radar 
antenna alnred at  the  llnk ternunal,  Interference  of 2 volts  could be  found 
in   t he  l m k  output. The poslt lon of anyone lnslde  the  equpment  building 
influenced  the amplitude of the  Interference.  Wlth the  receiver  disconnected 

balun  amplifiers  reduced  the  interference  greatly.  Shlelds were fabricated 
or turned  off th   interference was s t i l l  present,  bwever,  disconnecting  the 

reduced  but s t i l l  present. The budding walls and ceil iag  prevlously had 
for   the  balun  mpllf iers  With these  shlelds I n  place  the  lnterference was 

been  shlelded  wlth aluminum-backed paper This shleld bd become defective 
malnly due t o   t e a r l u g  around t h e  door Repairing th i s   sh i e ld  reduced t h e  
Interference  to  less than 0 1-volt on a l l  3 video  output  terminals, whleh 
1s comparable t o  the system nolse and 1 s  acceptable. 

Interchannel  Cross-Talk. 

ex l s t s  between the  various  channels of t h e   h n k ,  For these   t es t s  a 
Tests were conducted t o  determine  the amount of c ross - ta lk   tha t  

1-mcrosecond, 2.5-volt pulse WBS appl led  to  Video 1, while  another  pulse 
was applled t o  Video 2 and a th i rd   pu l se   t o  Vldeo 3 mese  3 pulses were 
spaced 3 rmeroseconds apart  so that they  could  be  obsemed more eas l ly ,  The 

5 

2Balun ampllflers have a balanced  Input and an  unbalanced  output. 
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At the  Input of \"Ideo I, 0.05 volt  of  mnterference,  caused  by  the  Inputs  to 
pulse  amplltuoe;.  applied  to  Video 2 an&  Video 3 were  Increased to 20 volts. 

Vldm 2 and Yldeo 3 ,  was  observed This same  level  of  interference also was 
observed  at  the  output  of  Vldeo 1, aowever,  the normal nolse  level in the 
output of Vldeo I [approxmtely 002 volt)  tended  to  obscure  lt  Slnce  the 
lnput  levels  normally  axe 3 volts o r  less,  It was concluded  that  lnterchannel 
cross-talk 1s not a slgnifleant  factor. 

BEACON TRARSbfISSION CAPABILITY 

The  alp  trafflc  control  radar  beacon  system (ATCFB) referred  to 
In the following as a beacon,  is  mntended  to  furnlsh  the ATI: system  wlth 
rdentlty  of  radar  targets  from  beacon-equlpped  alrcraFt.  It  operates 
essentlally  as an mterrogation from the  ground and a coded  reply from 
the aircraft,. Proper ground decodlng  yields  dlscrete  aircraft  Identity 
wltljfn the lmutatlons of the  codes pronded for  the A E  functlon A pro- 
tectlon  clreult 1s provlded 18 the  beacon  system  to "klll" the  output when an 
improper  code 1 s  received.  It can be  assumed  that  in  some  instances  the 
encoded  replles mll  be  remoted  to  the  control  locatlon  and  then  decoded. 
In the  Rockvllle-Indianapolls mlcromve hnk, Video 2, with a noainal band- 
width of 2 - 5  Mc, 16 Intended  for  the  transmlsslon o f  coded beacon  signals 
The purpose  of  conductlng  tests on thls  channel  was  to  determine  whether 
a 2-5-M~ channel 1 s  sufflclently  wide  for  satisfactory decodmg In addition 
to  these  tests, a second  set  of decodmg measurements  was  made m the  labo- 

bandwldth was not  involved. 
ratory to show  decodlng  capabllltles  of  the  equipment  where  transmlssion 

has a 0.45-microsecond  wldth, a 0.1-mlcrosecond rue tlme,  and a 0.2- 
microeecond  fall tme. The posltions  of  the 4 pulses are rlgidly detemned. 
There  are 8 posslble positions, 2 9 rmcroseconds  apart.  Starting  wlth  the  first 
posltlon  as 0, the  pulses  are  spaced 0,  2.9, 5.8, 8-7, 11.6, 14.5, 17.4, and 
20 3 microseconds  The  flrst and last (0- and  20 3-m~crosecond)  pulses 

2 pulses  occupy 2 of  the 6 rmddle positions* The  code used for  the  tests 
are  the frmng pulses  and  are  always  requlred  In a code  The  remalnlng 

pulses.  Settlng  the  code  selector smtch to a glven posltion  connects  crystal 
was  the No- 2 code,  which contams the 0-, 2.9- ,  11.6-, and 20.3-m1crosecond 

dlodes  to  the  proper  taps on the  delay lme so that  all  four  pulses will be 
colneldent  In  tlme on the  eoincidence bus, The diodes  normally  are  conduetlng, 
whch keeps  the  colncldence bus close  to  ground potential. If positlve  pulses 
appear  at all four  taps  slmultaneously,  all  diodes  will  be  cut  off and the 
voltage on the  bus  wlll rise to  the mplltude  of  the  pulse  for  the  duration 
Of the  pulse. Thls rlse  in  voltage  constltutes a pulse wbch 1s fed to the 
output temnal. A pulse  appearing In any of the 4 remaining posltions, mely, 

would be applled to the klller  bus  and would cancel the pulse on the coincldence 
5.8, 8.7, 14.5, and 17 4 mlcroseconds corresponding to taps 2, 3 ,  5, and 6 ,  

bus  Tests  were  conducted to determine  the  effect, If any, that a runotlng 
channel  bandwldth  of 2.5 Mc has on decodlng and killlng, and a l s o  the  improvement, 
~f any, when a 5-Mc wide  channel 1s ueed 

Each  beacon signal or code conslsts of four pulses.  Each  pulse 
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A Farnsworth code generator was s e t  up I n  the  laboratory and i ts  
outsput Ped t o   t h e  beapon mnput terminal of a  Parnsworth  decoder. Wlth the 

a l so   s e t  t o  code 2 >  a  double  pulse  output  of  2 v o l t s  was obtained. An 
eode generator  adjusted to  generate code 2 and the  selector  on the  decoder 

additional pulse then was mtroduced at t h e  14.5-microsecond position. When 
t h l s  was done, the decoder outpui, dropped t o  0 1 v o l t  The 144.5-m~crosecond 
pulse  then was advanced In  0.1-murosecond  steps from 13-35 t o  15.65 mlcro- 

posl t ion.   mese  polnts   are   plot ted m Fig- 5 and represent  the  decodlng 
seconds and the  amplitude of the decoder  output was recorded f o r  each  pulse 

and kxllmg action  obtalned Ln the  laboratory  wlth no degradation of the  
beacon pulses due t o  t??e  transmsslon medlum. 

microwave l i n k  and the  decoder was connected t o  the  TD6 end of the l m k .  
Codes were fed  into  the beacon  channel and the same t e s t  was repeated  over 
the  2-5-M~  transmlsslon  channel The r e su l t s  of t h l s   t e s t   a l s o  are  shorn on 
Flg. 5. The same t es t   then  was performed  over a 5-Mc channel, which was 

demultiplexer at the  'bDc terminal and occupymg the  en t i r e  bandwidth of 
obtained by bypassmg  the multiplexer a t  the  Rockvllle terminal and the  

Channel A, %nee neither  the  multiplexer  nor  the  demultlplexer was used, 
the  beacon slgnals a t   t h e  TDC: end of t he   l i nk  appeared as  0.5-volt  slgnals. 
These were amplified by a  mde-band  ampllfler (10 Mc) to increase  thelr  
amphtude t o  2  volts for proper  deeodmg 

The code generator  then was moved to   the  Rockvl l le  end of the  

I n  Flg. 5 the bench. t e s t  curve 1 s  shown as a continuous l l ne ,   t he  

model decders ,   the   output  1 s  l i m t e d  to 2 vol t s ,  and any l eve l  above 1 6 
2.5-k e w e  as  a dotted  l ine,  and the 5-Mc curve as a dashed l l n e .  I n  l a t e r  

vo l t s  is considered a good decoded signal, Anything less   than 0 4-volt 1s 

the   mterfermg  pulse  was wlthln the 14.25- t o  14.83-mcrosecond  points on 
consldered  kllled. Durlng the laboratory zest., the output was k l l led  when 

t,he curve. I n  the 2.5-Mc t e s t  it was k i l led  when the  pulse was wlthm  the 
1 4  3- t o  14.83-mlcroseeond area,  For the 5-Me t e s t  it was ki l led  from 14 3 
t o  14 90 mlcroseconds. 

For perfect decodlng, t ha t  is, a  pulse  output of 2 Volts,  there 
should  be a 2-volt  pulse  in  each of the 4 proper  taps on the  delay  l lne and 
no pulse m the  other  poslt ions.  For perfect  kll l lng  there  should be a  2-volt 
pulse on a t  least one of the  other   taps .  If a  pulse  havlng a f l n l t e   r i s e  time 

and the  double  pulse  output wlll have some value between 0 and 2 vol ts .  Nolse 
IS moved pa r t  way Into  a  posltlon,  the  eancelmg or k l l l i ng  w i l l  be  Imperfect 

W ~ U  cause  a ssmlhr actlon. While a cer ta in  minimum voltage (0.2 vol t )  1 s  

m11 cause p a r t i a l   k l l l u g  and w ~ l l  decrease  the  decoding  tune- Flgure 5 
cllpped o f f ,  noise  In  excess of t h l s  amount, when added to par t  of a  pulse, 

represents  part of a cycle wblch repeats  every 2 0 9  microseconds. On tlms basls ,  
and conslderj-ng a pulse  amphtude  equal t o  or  greater  than 1.6 vol t s   as  good 
decodlng, the decodlng tsme would be 65 5 per   cent   for   the  laboratory  tes t ,  
62-9 per  cent for the 2.5-Mc t e s t ,  and 64.6 per  cent  for  the 5-Mc t e s t .  Thls 
represents  very l l t t l e   d l f f e r e n c ?  among the   th ree   t es t s .  



very  close  together,  and  the 5-Mc wave  devlazes  the  most,  From 14 to  14.25 
From 14.75 to 15-00 mcroseconds,  the  bench  and  2.5-Mc  curves  are 

mcroseeonds,  the  bench and 5-Mc curves  are  close  together, and the 2-5-M~ 
eurve  devlates  the most. Orlgfnally  lt was thought  that  as  the  rlse  tune of 
the  pulses  was  lengthened  by  passxag  the  codes  through a system  with  lower 
hgh-frequency  cutoff,  the  decoded  kllling  curves  would  deviate mre from  the 
bench  curve-  From  these  tests,  however,  It  would  appear  that  there 1s little 
or no mprovement  in the 5-Mc ndeo channel  over  the 2-5-M~ channel 

to  the  poor  frequency  response  of  the  delay lme whlch  feeds  the comcidence 
The lack  of  lmproved  performance  wlth  the  wider  band  is  attrlbuted 

klller  bus.  Pleasurements  made m the  laboratory  showed  that a pulse  at  the 

wldth  appears  at  the  delay  llne  output  wlth a C.65-nucrosecond  rise  tlme and 
delay  line  Input  havlng a 0 1-microsecond rise  tune  and a 0.45-rmcrosecond 

a 0,9-mcroseeond width- After being  ellpped In  the  decoder,  the  pulse has 
a 0.35-m-~crosecond  rise tme and a 1.2-rmcrosecond  width. 

RnIABILIrn 

The  mlcrowave link was first  placed  in  operation  during  July 1956. 

by equqmemts were  not  provlded  and  contracted  maintenance was provided  by 
It was operated  continuously,  except  for  outages,  when  they  occurred.  Stand- 

The  foollowmg  paragraphs  descrlbe equipment rellabillty  after  the  flrst 30 
Indlana  Bell  Telephone Co on a 5-day-week  basls from 8:OO a.m.  until 5=00 p m. 

days of operatlon durlng whlch  there  were  numerous  dlfficulties  associated 
wlth the  mstallatlon  and  lnltial  adJustment. 

During  normal workmg hours, 8:30 a.m. to 5:OO p.m., fallure to 

monltorlng  method dld not  separate  radar  outages  from  link  outages. A test 
receive  Rockvllle radar data  could  be  noted  by  the  personnel  on  duty,  but thls 

of radar  operatlon  or tme of day.  By  means  of  gatlng  circults, and a multlpen 
system  was  developed,  therefore, to measure  the  total  llnk  outage  tlme  regardless 

Esterllne-Angus  recorder,  all  outputs  of  the  llnk  were  Eampled 300 times a 

Lo lndicate  whether  the  system was or was  not  operatlng. If any of the  three 
second and the  presence  or  absence  of  the  test  sigunal  caused  the  recorder  pens 

vldeo channels faded, the eorrespondlng  pen would lndlcate  fallure. If r-f 
channel E failed,  the two pens  correspondlng  to  Vldeo 2 and  Video 3 would 

radar  system  trlgger,  but,  lf  the  Rockvllle  radar tngger was lost,  the  monltor 
Indlcate  the  conditlon  The  delay  and  gatlng  c1rcults  were  timed by the  Rockvllle 

generated  Its own test  trlgger. In thls  way  the l~nk performance  could  be 
monitored  even  though  the  radar WBS completely disabled. Contlnuous recordings 

below: 
of llnk  outages  were  made from Mareh 5 to  June  24.  The  results  are  tabulated 

Duratlon of test - 111 days, o r  2,664  hours 
Number of outages - 28 

Number  of  hours  some  part  was  lnoperatlve - 230.4 
Number sf days d u r x g  which  some  part  of link was lnoperatlve - 32 

Percentage  of tme some  part  of  link was Inoperative - 8.65 
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l%e 8.65 per  cent  mentioned  above  represents  tune lost when  some  channel  of 
the  llnk was completely  out of serviceo  It  does  not  lnclude  many marginal 
periods  when  the  azimuth or trlgger  was  intermlttent  and  when  the  noise  level 
was hx& so that  the  radar  information was unsatisfactory, 

During the  four-month  perlod,  the lmk was inoperatlve  due  mamnly 
to  klystron  dlfflculties, The proper  procedure  for  turning  on  the  klystron 
oscillator m the transmtters and  recelvers  includes  turning  on  the  beam 
current  after a short warn-up period. In the  event  of a power  failure,  when 
the  power 1s off  for a tme and then  restored,  thls  warm-up  time  is  not  provided. 
Under  these  conditions,  the  klystrons  sometfoes  falled  to  oscillate, resulting 

turn  the  beam  current  off  and  then  on  again.  Approximately 50 per  cent  of 
in a l m n k  outage.  Usually  all  that  was  required  to  resume  operation  was to 

was  due  to  routlne  mamntenance  and  adJustment.  The  remaining 30 per  cent 
the  outage  tune  can  be  attributed  to  this s o r t  of  trouble.  About 20 per  cent 

was  caused by Interference,  trigger  difficulties, and miscellaneous  causes. 

one man unless  speclal  test  equlpment IS pronded. If failures  occur, or 
Corrective  and  preventlve mamtenance is dlfflcult  to  perform by 

adpstments must  be made that  affect  the  frequeney,  power  output,  recelver 
sensltlvity, or devlation  of  the  system, It IS necessary  to  have  one man 

the  effects  of  the  adaustment. It would  be  highly  deslrable  to  develop  test 
at  the  equipment  to  be  adJusted and another  at  the  next  location to measure 

equipment  that  would  make  it  posslble  for  one man to adjust a repeater o r  
tenranal  vlthout  asslstance from. a r a m  farther  down  the  chain  Items  of 
special  test equpment required  are. (1) microwave  power  and  frequency  meter, 
(2) mcrowave signal generator, (3) frequency  deviation  generator, and (4) 
deviation  measurement  device.  Accurate  deviation  adJustrnents  and  measurements 
are miportant  to  keep  the  link  noise  at  the  lowest  posslble  level.  It  should, 
of course,  be  posslble  to  connect  each  of  these  instruments  to  the  system 
without  shuttlng  It  down, and lt  should  be  possible to make  necessary  tests 
on ang channel  wlthout  Interference  to  the  other  chaqnels. 

commmunxation  channel between  its terrmnals  and repeaters. Many of  the 
'Po maintain the system efflciently,  it 1s necessary  to have a 

adJustments  requlred men located  at  two or more  polnts m the  system. Smce 
the MRR-3 equipment  did  not  have a built-m communication  channel,  sometlmes 
referred  to  as an order  wire,  the  telephone company provLded a telephone 

helpful to the evaluation as  well  as to  the maintenance of the systemo 
system  between the  various statlons in  the link  system. Tks was  very 

requlres a stand-by  channel  and a means  of selectmg this  channel  when  it 
is  requlred. Good maintenance  standards  and  adequate  test  equipment  are 
necessary  to  prevent  prolonged  perloas of marginal  performance.  Maintenance 
personnel  should  be  speclalists  on  llnk  equipment  that is used  to  remote  radar 

maintamed equipment  may  be  preferred  over  leased  service  in  areas  where rdar 
data.  Since  link  performance  can  degrade  the  radar  data  serloukly,  agency- 

remotlng  systems  are  not  wldely known or  Inadequate  maintenance  procedures 
are  avallable. 

From  the  above  experience,  It  is  concluded  that  acceptable  rellabillty 
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coNcLLTsIoNs 

m e  following conclusions  were  reached: 

1, The  microwave llnk has satlsfactory  frequency  response,  amplitude 
linearlty,  resolution,  and  cross-talk  cbaracterlstlcs  when  operated  properly. 

2. Two sources of Interference  from  nearby r m s  were  noted. 
Interference  from  these  sources was reduced  to a negligible  degree  by employmg 
standard  shielding  methods 

3 Normally,  the  noise  level  was  equal t o  or less  than  0.2-volt (20 db 

reqerared  to mamntam this value Careful englneering of the  system  to  keep 
sl@-to-nolse  ratlo)  Regular chechng and adJustment of the lmk was 

path loss to a mnimum wlllmake future  malntenance  less  critical  and  dally 
performance  more  satlsfactory. 

4. The 2.5-r%e beacon  channel is satlsfactory  for  transrmssion of codes 
to  present-day  beacon  decoders  whlch  employ  lirmted  bandwidth  delay  lines, 
Improved  decoders  probably  will  dictate  wider band ndeo channels for 
trwsnusslon of beacon sl@s In the  future. 

5. Speclal  test  equlpment  is  required t o  provlde continuously acceptable 
perfoormance  wlth a rmnimum  malntenance  crew. 

6. Skllled  technicians and good  preventive  maintenance  schedules  are 
requlred  to  prevent  prolonged  periods  of  marginal  performance. 

7 Acceptable  reliabillty  requlres  dual-channel  equipments and a remte 
means of  selecsing  channels  when  requlred. 

8. h order  wire  servlce IS required  to  facilitate  maintenance and 
adjustment  of  the  equlpment. 
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R E P E A T E R  NO 1 

TOWER  HEIGHT - 165 F E E T  
TERMINUS  LENA.  INDIANA 
R O C K V I L L E ,  
INDIANA 
TOWER  HEIGHT - 80 F E E T  

R E P E A T E R N O  2 
MONTCLAIR,  
INDIANA 
TOWER  HEIGHT - 150 F E E T  

TDC  TERMINAL 
INDIANAPOLIS. 
INDIANA 
TOWER HEIGHT - 125 F E E T  

2 R - F   C H A N N E L S  
FROM  ROCKVILLE 
TO  INDIANAPOLIS 

FIG 1 AOEC  MICROWAVE  LINK  BETWEEN  ROCKVILLE,  INDIANA.  AND  INDIANAPOLIS,   INDIANA 



ROCKVILLE  TERMINAL  INDIANAPOLIS  TERMINAL 

IND8LYAPOLIS RF EQUIPMENT  RACK  INDIANAPOLIS  DEMODULATION  EQUIPMENT  RACK 

FIG 2 PHOTOGRAPHS OF ROCKVILLE ANI) TDCI TERMINALS AND  INDIANAPOLIS  TERMINAL  EQUIPMENT 
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F I G  4A VIDEO 1 OUTPUT 
o 5 MICROSECONDS/CM 
o 5 VOLTS/CM 
PrLSE AMPLITUDE 1 3 VOLTS 
NOISE  AMPLITUDE 0 1 VOLTS 
R g  = 15 MICROSECOND 

1 

I 

FIG 4C VIDEO 3 OUTPUT 
o 5 MICROSECOYDS/CM 

PULSE  AMPLITUDE 1 2 VOLTS 
0 5 VOLTS/CM 

NOISE  AMPLITUDE 0 2 VOLTS 
R o  = 25 MICROSECOND 

FIG 4B VIDEO 2 OUTPUT 
o 5 MICROSECONDS/CM 
o 5 VOLTS/CM 
PULSE  AMPLITUDE 1 4 VOLTS 
NOISE  AMPLITUDE 0 1 VOLTS 
R o  = 2 MICROSECOND 

FIG 4D CHANNEL B OUTPUT 
5 MEGACYCLES  WIDE 
o 1 MICROSECONDS/CM 
o 2 VOLTS/CM 
R o  = 08MICROSECOND 

F1'- 4 MICROWAVE  LINK  HIGH-FREQUENCY  RESPOKSE  PHOTOGRAPHS 
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FIG 5 A M P L I T U D E  O F  DECODER  OUTPUT  VERSUS POSITION O F  I N T E R F E R I N G   P U L S E  


