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1.0  INTRODUCTION 

1.1 General 

The DABS C a l i b r a t i o n  and Performance Monitor Equipment (CPME) i s  a  
s p e c i a l  purpose test set r equ i r ed  t o  v e r i f y  DABS sensor  monopulse azimuth 
accuracy,  t o  c a l i b r a t e  t h e  sensor  of f -bores igh t  azimuth look-up t ab l e*  a t  
a  given sensor  s i te ,  and f o r  checking DABS d a t a l i n k  i n t e g r i t y .  CPMEs a r e  
permanently i n s t a l l e d  a t  surveyed s i t e s  w i th in  t h e  coverage p a t t e r n s  of one 
o r  more DABS senso r s ,  and each i s  assigned i t s  own DABS d i s c r e t e  add re s s  (wired- 
i n  I D  number). The weatherproof enc losu re ,  which permi ts  t he  CPME t o  be  
operated unat tended over  a  wide range of environmental cond i t i ons ,  con ta in s :  

1 )  A modified DABS transponder ,  

2) A phase-locked 1090 MHz o s c i l l a t o r ,  

3 )  A s p e c i a l  high duty  cyc l e  RF a m p l i f i e r  f o r  p rovid ing  
t h e  high l e v e l  test s i g n a l s  needed a t  t h e  DABS senso r ,  even 
a t  ranges up t o  20 m i l e s ,  

4) Spec i a l  l o g i c  t o  permit  t h e  CPME t o  send s t a t u s  messages 
and t o  p a r r o t  up l ink  messages t o  t h e  s enso r ,  

5 )  S e l f - t e s t  and d i a g n o s t i c  c i r c u i t r y ,  and 

6)  Power s u p p l i e s  and c o n t r o l  c i r c u i t s  t o  permit a l l  of t h e  
above t o  ope ra t e  from AC power mains. 

This  document d e s c r i b e s  t h e  CPME hardware and provides  information necessary  
t o  understand i t s  ope ra t i on .  It does no t  p rovide  in format ion  s u f f i c i e n t l y  
d e t a i l e d  t o  r e p a i r  t h e  CPME. 

A d e t a i l e d  ope ra t i ng  guide is  provided a s  Appendix A and c l a r i f i c a t i o n s  
and except ions  t o  t h e  CPME s p e c i f i c a t i o n  (FAA-ER-240-29 Amendment 1, Spec. 
Change 1 )  a r e  included a s  Appendix B .  

Each CPME i s  provided wi th  a  weather p ro t ec t ed  horn antenna intended 
f o r  i n s t a l l a t i o n  a t o p  a  t a l l  tower,  150 f e e t  of antenna c a b l e ,  and a  power 
cab l e .  (See F igure  1 )  . 

1 . 2  Overview of CPME Operat ion 

1 . 2 . 1  Reception 

DABS i n t e r r o g a t i o n  s i g n a l s  ( s e e  F igure  2) pass  through a  c i r c u l a t o r ,  a  
f i l t e r  ( t o  e l i m i n a t e  out-of-band s i g n a l s ) ,  a  power l imiter ( f o r  front-end 

* 
A s  s p e c i f i e d  i n  FAA ER-240-26, Sec t ion  3.4.11 and 4.5.4.3.  
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Fig. 1. DABS Calibration Performance Monitoring Equipment (CPME), external view 





p r o t e c t i o n ) ,  and a  v a r i a b l e  a t t e n u a t o r  (used t o  set t h e  r e c e i v e r  s e n s i t i v i t y )  
be fo re  reaching  t h e  DABS transponder .  The DABS transponder  r e c e i v e r  is employed, 
bu t  on ly  one channel is used ( i . e . ,  t h e  t r ansponde r ' s  d i v e r s i t y  c a p a b i l i t y  is 
not  used) .  Mode decoding and r e p l y  encoding a r e  performed by una l t e r ed  t r a n s -  
ponder c i r c u i t r y .  

The TTL r e p l y  l e a v e s  t h e  t ransponder  and i s  delayed f o r  0 ,  128, o r  256 
microseconds a s  d e s i r e d  (caus ing  t h e  CPME t o  appear  a s  though i t  is 0 ,  10 ,  
o r  20 mi l e s  f u r t h e r  away from t h e  sensor  than i t  a c t u a l l y  i s ) .  Af t e r  t h i s  
a d d i t i o n a l  turnaround de l ay ,  t h e  TTL s i g n a l  necessary  t o  gene ra t e  a  r e p l y  
i s  s e n t  t o  .one of two modulators :  e i t h e r  high-power o r  low-power. 

1 .2 .2  Transmission 

The RF t r a n s m i t t e r  s e c t i o n  i s  d r i v e n  e i t h e r  by an u l t r a - s t a b l e  1090 MHz 
o s c i l l a t o r ,  which is i s o l a t o r  p r o t e c t e d ,  o r  by an e x t e r n a l  v a r i a b l e  frequency 
s i g n a l  source  (during DABS sensor  acceptance  t e s t i n g ) .  The CW s i g n a l  is fed  
i n t o  a  v a r i a b l e  a t t e n u a t o r .  This  a t t e n u a t o r  sets t h e  RF r e p l y  l e v e l  i f  t h e  
CPME is ope ra t i ng  i n  t h e  low-power mode, o r  sets t h e  d r i v e  l e v e l  t o  t h e  power 
a m p l i f i e r  i f  t h e  CPME is ope ra t i ng  i n  t h e  high-power mode. 

The t r ansponde r ' s  t r a n s m i t t e r  s e c t i o n  is n o t  used, and t h e  o r i g i n a l  
power supply has  been removed from t h e  t ransponder .  An a d d i t i o n a l  f r o n t  
panel  connector  has  been added t o  t h e  t ransponder  t o  a l low e x t e r n a l  power 
i npu t  and t o  communicate w i t h  t h e  e x t e r n a l  l o g i c  r ack .  

I n  t h e  low-power mode, t h e  CW s i g n a l  is modulated by a  PIN d iode  swi tch  
and then  f i l t e r e d  t o  e l i m i n a t e  out-of-band s i g n a l s .  The modulated s i g n a l  
is sampled by a  b u i l t - i n  power monitor ing system c o n s i s t i n g  of a  d i r e c t i o n a l  
coup le r ,  pads,  and a  c a l i b r a t e d  c r y s t a l  d e t e c t o r .  Output from t h e  sampling 
d e t e c t o r  can be  viewed on an o s c i l l o s c o p e ,  and t h e  power ou tput  of t h e  CPME 
can be  determined using c a l i b r a t i o n  information provided wi th  each CPME. 
The power monitor system is most u s e f u l  when t h e  CPME is opera ted  i n  t h e  
high-power mode, a s  low-power s i g n a l s  a r e  t y p i c a l l y  too  smal l  t o  be  measured 
accu ra t e ly .  Modulated r e p l y  s i g n a l s  e x i t  through t h e  c i r c u l a t o r  and a r e  fed 
t o  t h e  antenna. The maximum output  i n  t h e  low-power mode, +20 dBm a t  t h e  CPME 
RF p o r t ,  a l lows t h e  CPME t o  be  placed up t o  2000 f e e t  away from t h e  s enso r .  

The high-power mode a l lows  t h e  CPME t o  be  placed up t o  20 m i l e s  from t h e  
s enso r ,  a s  i t  provides  ou tpu t  power a s  high a s  +45 dBm a t  t h e  CPME RF p o r t .  
The high-power mode is necessary  i n  ca se s  where t h e  CPME is t o  be  shared  wi th  
more than one sensor  ( i n  t h i s  c a s e  more than  one d i r e c t i o n a l  horn antenna 
would b e  fed from one CPME). 



Operat ion i n  t h e  high-power mode is  s i m i l a r  t o  t h a t  i n  t h e  low-power mode, 
except  t h a t  a  s e p a r a t e  modulation, a m p l i f i c a t i o n ,  and a t t e n u a t i o n  system is  
used. The CW s i g n a l  from t h e  low-power v a r i a b l e  a t t e n u a t o r  i s  f u r t h e r  a t t enu -  
a t ed  ( t o  p r o t e c t  t h e  a m p l i f i e r ' s  RF i n p u t ) ,  and then  fed t o  t h e  RF power a m p l i f i e r .  
Here, t h e  CW is both  modulated and ampl i f i ed ,  and t h e  r e p l y  power l e v e l  is  then 
set by a  high-power v a r i a b l e  a t t e n u a t o r .  

The a m p l i f i e r  u n i t  i t s e l f  is  a  4-stage t r i o d e  tube  a m p l i f i e r .  Other 
components of t h e  high-power a m p l i f i e r  system a r e :  power s u p p l i e s  (+6V, +28V, 
and +1000V), swi tches  f o r  re - rou t ing  t h e  RF when changing from low t o  high- 
power mode ( s e e  F ig .  3 ) ,  a  high-power v a r i a b l e  a t t e n u a t o r ,  and a  modulator f o r  
t h e  tube  a m p l i f i e r .  I n  t h e  event  t h a t  any of t h e s e  i t e m s  should f a i l ,  t h e  
CPME w i l l  s t i l l  func t ion  c o r r e c t l y  when switched t o  t h e  low-power mode. 

1 .2 .3  Transponder I n t e r f a c e s  

The t ransponder  a l s o  i n t e r f a c e s  w i th  t h e  e x t e r n a l  l o g i c  rack  v i a  t he  
Standard Message I n t e r f a c e  (SMI). Data in te rchange  between t h e  t ransponder  
and e x t e r n a l  l o g i c  r ack  v i a  t h e  SMI a l lows  t h e  CPME t o  ope ra t e  i n  a  test mode 
wherein t h e  CPME "pa r ro t s "  up l ink  messages. The SMI d a t a  c a p a b i l i t y  a l s o  
a l lows  t h e  CPME t o  r e p o r t  i t s  s t a t u s  t o  t h e  s enso r .  Thus a  "remote d i agnos t i c s "  
func t ion  i s  provided.  

S t a t u s  r e p o r t i n g  p rov i s ions  a r e  included t o  t r ansmi t  ( a s  a  Comm-B downlink 
message): enc losu re  over-and-under temperature ,  1090-MHz o s c i l l a t o r  out-of- 
phase-lock cond i t i on ,  power f a i l u r e  cond i t i on ,  miscel laneous hardware f a u l t s  
and i n t e r r o g a t i o n  lockout  s t a t e s .  The e n t i r e  s t a t u s  r e p o r t i n g  system can be  
i n h i b i t e d  i f  d e s i r e d .  

1 . 3  Diagnos t ic  and Repair  Fea tu re s  

I n  a d d i t i o n  t o  t h e  dua l  t r a n s m i t t e r  f e a t u r e  and s t a t u s  r e p o r t i n g  t o  
sensor  f e a t u r e s  t h e  CPME inc ludes  o t h e r  b u i l t - i n  test and d i a g n o s t i c  a i d s .  
Extensive b u i l t - i n  d i a g n o s t i c  l o g i c  c i r c u i t s  e x i s t  t o  d e t e c t  hardware f a i l u r e s  
and thereby f a c i l i t a t e  r e p a i r .  The r e s u l t s  of t h e s e  b u i l t - i n  test c i r c u i t s  
a r e  d i sp layed  on a  main CPME c o n t r o l  pane l ,  a long wi th  va r ious  o t h e r  i n d i c a t o r s  
and c o n t r o l s  f o r  t h e  system. Another b u i l t - i n  d i a g n o s t i c  t o o l  is  a  d i g i t a l  
vo l tmeter .  This  f e a t u r e  a l lows  a  repairman t o  qu ick ly  check a l l  seven of 
t h e  CPME's power s u p p l i e s  by s e t t i n g  a  s i n g l e  c o n t r o l .  

F i n a l l y ,  t h e  Bendix t ransponder  is  equipped wi th  a  test jack  on i t s  f r o n t  
pane l .  Various i n t e r n a l  s i g n a l s  a r e  brought ou t  t o  t h i s  connector  s o  t h a t  
they  can be viewed wi th  an o s c i l l o s c o p e  and f a u l t s  i s o l a t e d .  
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1.4 Phys ica l  Fea tu re s  

The CPME u n i t  f e a t u r e s  a l ockab le  weather - t igh t  enc losure  f o r  outdoor 
s tand-alone ope ra t i on ,  an a i r - t o - a i r  hea t  exchanger f o r  coo l ing ,  a 500 w a t t  
h e a t e r ,  a sun shade, mounting l e g s ,  h igh ly  v i s i b l e  e x t e r n a l  "power on" and 
" f a u l t "  i n d i c a t o r  lamps, and an  e x t e r n a l  e l e c t r i c a l  convenience o u t l e t  s o  
t h a t  o s c i l l o s c o p e s  and o t h e r  test  equipment can be powered a t  t h e  CPME i f  
de s i r ed .  Overa l l  dimensions of t h e  CPME u n i t ,  exc lus ive  of sunshie ld  and 
mounting l e g s ,  a r e  30" wide, 35" h igh ,  and 16" deep. Legs r a i s e  t h e  enc losure  
12" above t h e  mounting pad. Its weight is  approximately 200 pounds. 

F igure  3 i l l u s t r a t e s  t h e  u n i t  a s  i t  would be  seen  by s e r v i c e  personnel .  
A f l u s h  door (30" x 35") permi ts  access  t o  a l l  components. I n  a d d i t i o n  t o  
t h e  f r o n t  door ,  a smal l  l ockab le  r e a r  door a l lows  easy acces s  t o  t h e  w i r e -  
wrap backplane of t h e  l o g i c  r a c k .  

The CPME antenna c o n s i s t s  of an environmental ly  p ro t ec t ed  horn antenna,  
a coax-to-waveguide adap te r ,  and a mount. The mount f e a t u r e s  360' azimuth 
adjustment  f o r  "aiming" t h e  antenna (no e l e v a t i o n  adjustment  is  necessary) .  
A t y p i c a l  i n s t a l l a t i o n  is  i l l u s t r a t e d  i n  F igure  4. 
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2.0 FUNCTIONAL DESIGN 

2 .1  High-power Transmi t te r  

A high-power, h igh  duty  c y c l e  t r a n s m i t t e r  was developed f o r  t h e  DABS 
CPME t o  s a t i s f y  a  requirement d i c t a t e d  by (1)  t h e  p o s s i b i l i t y  of sha r ing  
one CPME between two o r  more s enso r s  and (2)  t h e  high-power l e v e l  (-24 dBm) 
r equ i r ed  a t  t h e  sensor  du r ing  monopulse accuracy tests*. The h igh  duty  c y c l e  
requirement i s  based on t h e  Texas Instruments  DABS monopulse c a l i b r a t i o n  and 
accuracy t e s t  a lgor i thm i n  which 80 i n t e r r o g a t i o n s  a r e  t r ansmi t t ed  du r ing  a  
44 msec beam dwell  t i m e  i n t e r v a l  (PRF = 1800 r e p l i e s  per  second r equ i r ed  from 
CPME) . 

Tes t s  on t h e  high-power t r a n s m i t t e r  have v e r i f i e d  t h a t  i t  i s  a b l e  t o  
support  t h i s  h igh  PRF r equ i r ed  dur ing  monopulse c a l i b r a t i o n .  The c a p a b i l i t y  
of producing pu l se  r e p e t i t i o n  f requenc ies  of 2000 r e p l i e s l s e c  f o r  DABS s h o r t  
and 1000 r e p l i e s l s e c  f o r  DABS long s imulated r e p l i e s  has  a l s o  been e s t a b l i s h e d .  
Simulated DABS s h o r t  r e p l i e s  a r e  60 usec t ransmiss ions  of a  50% duty  c y c l e  
1 MHz s i g n a l .  Simulated DABS long r e p l i e s  a r e  116 usec t ransmiss ions  of a  
50% duty  c y c l e  1 MHz s i g n a l .  Note t h a t  t h e  o v e r a l l  duty c y c l e  should no t  
exceed 0.005, when averaged over  a  1 second i n t e r v a l .  

The RF power a m p l i f i e r  tube  used i s  a  General E l e c t r i c  model C-2173 
microwave t r i o d e  a m p l i f i e r .  The C-2173 i s  a  4  s t a g e  a m p l i f i e r  ope ra t i ng  
a t  1090 MHz c e n t e r  frequency capable  of p rovid ing  an  ou tput  of a t  l e a s t  300 
w a t t s  peak a t  0 .01  du ty ,  w i th  an input  of 10  m i l l i w a t t s .  

The RF inpu t  i s  a  CW s i g n a l  t o  t h e  f i r s t  s t a g e  wi th  t h e  cathodes of t he  
f i r s t  two s t a g e s  modulated t o  gene ra t e  t h e  r equ i r ed  RF pu l se s .  The l a s t  two 
s t a g e s  a r e  s e l f -b i a sed  using a  22 v o l t  Zener on t h e  cathodes and a r e  RF keyed 
by t h e  pu l se s  of RF generated by t h e  f i r s t  two s t a g e s .  

The output  vs .  input  c h a r a c t e r i s t i c  f o r  t h e  C-2173 shows t h a t  t h e  a m p l i f i e r  
ha s  cons ide rab l e  compression. This  is  d e s i r a b l e  f o r  s t a b i l i t y  w i t h  i npu t  and 
wi th  l i f e .  However, i t  may be p o s s i b l e  t o  overdr ive  one of t h e  i n t e rmed ia t e  
s t a g e s  without  ob t a in ing  exces s ive  ou tput  power i f  t h e  i npu t  i s  allowed t o  go 
beyond t h e  10 m i l l i w a t t  l e v e l .  

Normal power ou tput  is 400 w a t t s  a t  1000 v o l t s  B+. The power ou tput  may 
vary cons iderab ly  w i th  B+. It i s  not  recommended t h a t  t h e  B+ l e v e l  be  r a i s e d  
over 1000 v o l t s .  

2.2 Ex te rna l  Logic 

Logic no t  contained i n  t h e  t ransponder  i s  termed e x t e r n a l  l o g i c .  This  
l o g i c  i s  contained on t h r e e  wire-wrap boards,  ELR1, ELR2 and ELR3, l oca t ed  i n  

* 
See FAA-ER-240-26, p. 534, paragraph 4.5.4.3.1.  



the External Logic Rack* (see Fig. 3). 

ELRl contains the CPME lockout logic, the transmitter duty cycle 
limiter, the modulator delay equalizer, the high-power trans- 
mitter control logic, and the power-up/power-fail circuitry. 

ELR2 contains the logic necessary to delay CPME replies by 0, 128, 
or 256 microseconds (in addition to those delays specified 
for DABS and ATCRBS replies.) 

ELR3 contains logic which allows the CPME to communicate with the 
DABS sensor via the DABS data link. 

When referring to logic signal names on the diagrams shown in the 
following sections, note that the following nomenclature has been standardized: 

Logic Signal Name Meaning 

NAME. A 
NAME.F 
NAME.G 
NAME . L 
NAME .M 
NAME* 
NAME 

Inverter (amplifier) output 
Flip-flop 
Gate 
Latch 
Multiplexer 
Open collector signal 
Active low signal 

2.2.1 ELRl Card 

2.2.1.1 CPME Lockout Logic 

2.2.1.1.1 The ATCRBS lockout function in the Bendix 
transponder is consistent with CPME requirements, and no modification was 
necessary. 

2.2.1.1.2 The ATCRBSIDABS All-Call, Auxiliary 
(DABS-only) All-Call and Auxiliary Discrete Reply lockout system in the 
transponder was replaced with the system shown in Figure 5. When an interro- 
gation is received, it is held in the transponder's uplink register. If the 
uplink is valid and is of a type which has not previously been locked out, 
then three uplink bits (IT and the two DL bits) are taken together with the 
present lockout states to address a PROM which will determine the next lockout 
state. The next lockout state is determined as in paragraph 4.4.3.1 of FAA- 
RD-74-62 (ATC-30). 

2.2.1.1.3 The standard timeout is initiated each 
time the CPME replies to a discrete address interrogation from a standard DABS 
sensor. When the standard timer times out, only the ATCRBSIDABS All-Call 
lockout flip-flop is cleared. 

>k 
The External Logic Rack has three unused slots for future expansion. Available 
power supplies (+5V, +12V and -12V) can provide ample additional current. 
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2.2.1.1.4 The a u x i l i a r y  t imeout is i n i t i a t e d  each 
t i m e  t h e  CPME r e p l i e s  t o  a  d i s c r e t e  address  i n t e r r o g a t i o n  from any DABS senso r ,  
e i t h e r  s tandard  o r  a u x i l i a r y .  When t h e  a u x i l i a r y  t imer  t i m e s  o u t ,  a l l  four  
lockout  f l i p - f l o p s  a r e  reset. 

2.2.1.1.5 When an ATCRBS~DABS All-Cal l  i n t e r r o -  
g a t i o n  is r ece ived ,  t h e  ATCRBS~DABS All-Cal l  f l i p - f l o p  is set .  I f  t h e  CPME 
i s  locked out  t o  ATCRBSIDABS Al l -Cal l s  and not  t o  ATCRBS, then  the.ATCRBS/DABS 
a l l - c a l l  s i g n a l  is gated t o  ze ro ,  r e g a r d l e s s  of whether t h e  rece ived  i n t e r r o -  
g a t i o n  i s  an  ATCRBS~DABS a l l - c a l l  o r  no t .  When t h i s  cond i t i on  occu r s ,  t h e  CPME 
r e p l i e s  ~o.ATCRBS/DABS a l l - c a l l s  wi th  t h e  proper  type of ATCRBS r e p l i e s  ( e i t h e r  
mode A o r  mode C). This  a l lows  t h e  CPME t o  "look l i k e "  an ATCRBS transponder  
f o r  purposes of t e s t i n g  t h e  sensor  with ATCRBS r e p l i e s .  

2.2.1.2 Transmi t te r  Duty Cycle Limi te r  

The CPME must be capable  of r e p l y i n g  t o  a l l  combinations of ATCRBS and 
DABS i n t e r r o g a t i o n s  f o r  which t h e  r e s u l t i n g  t r a n s m i t t e r  du ty  c y c l e  is  not  
g r e a t e r  than 0.005, averaged over a  1-second per iod .  This  means t h a t  t h e  
t r a n s m i t t e r  must be  a b l e  t o  provide RF output  f o r  a  t o t a l  of 5  mi l l i s econds  
each second. 

A s imple numerical i n t e g r a t i o n  scheme can be used t o  determine t h e  over- 
a l l  du ty  c y c l e ,  a s  i l l u s t r a t e d  i n  F ig .  6 .  The TTL r e p l y ,  which has  gone 
through t h e  s e l e c t a b l e  0 ,  128, o r  256 psec de l ay  (DELAYED REPLY), is used t o  
enable  a  high-speed counter .  Every ATCRBS r e p l y  p u l s e  g a t e s  t h e  counter  on 
long  enough t o  i n c r e a s e  t h e  count by f o u r ,  and each DABS pu l se  i n c r e a s e s  t h e  
count by e i t h e r  f i v e  o r  t e n ,  depending upon t h e  b i t  p a t t e r n  i n  t h e  r e p l y .  
When t h e  count reaches  50,176, corresponding t o  a  minimum of 5 mi l l i s econds  
of RF "on" t i m e ,  a  f l i p - f l o p  i s  set which i n d i c a t e s  t h a t  a  du ty  cyc l e  f a u l t  has  
occurred.  This  s i g n a l  is d isp layed  on t h e  CPME c o c t r o l  pane l ,  and a  b i t  is 
s e t  i n  f u r t h e r  CPME r e p l i e s  t o  i n d i c a t e  t h a t  a  f a u l t  has  occur red .  The CPME 
cont inues  t o  o p e r a t e  normally u n t i l  t h e  counter  reaches  57,344, corresponding 
t o  5.7 mi l l i s econds  of RF "on" t i m e .  A t  t h i s  p o i n t  a  f l i p - f l o p  i s  set t o  
i n d i c a t e  t h a t  t h e  du ty  cyc l e  has  been exceeded, and f u r t h e r  r e p l i e s  a r e  
i n h i b i t e d  by g a t i n g  them o f f .  A t  t h e  end of every second, a  pu l se  comes from 
a  p u l s e  genera tor  t o  c l e a r  t h e  f a u l t  c o n d i t i o n s ,  i f  any,  and r e s e t  t h e  counter .  
Note t h a t  t h e  maximum du ty  c y c l e  of t h e  tube  a m p l i f i e r  i s  0.01, s o  s a f e  
ope ra t i on  i s  assured .  

2.2.1.3 Modulator Delay Equal izer  

F igure  6  shows a  120 nsec d e l a y  d i f f e r e n c e  between r e p l i e s  t o  t h e  PIN 
. iode  swi tch  and t h e  power a m p l i f i e r .  This  de l ay  l i n e  compensates f o r  t h e  
' a c t  t h a t  t h e  PIN d iode  swi tch  has  a  ve ry  f a s t  turn-on c h a r a c t e r i s t i c ,  while  

t h e  tube  a m p l i f i e r  does n o t .  Thus t h e  de l ay  between t h e  TTL s i g n a l  and RF 
turn-on i s  t h e  same i n  bo th  high- and low-power modes. Typica l  t o t a l  d e l a y  
between t h e  TTL s i g n a l  on t h e  ELRl card  and t h e  RF output  ( i n  e i t h e r  high- o r  
low-power mode) i s  220 nsec .  





2.2.1.4 High-power Transmi t te r  Cont ro l  Logic 

When i n i t i a l l y  t u rn ing  t h e  high-power t r a n s m i t t e r  on,  i t  i s  necessary  t o  
provide s e v e r a l  i n t e r l o c k s  and d e t e c t i o n  of f a u l t  cond i t i ons  t o  avoid damaging 
t h e  tube  u n i t .  The system i s  i l l u s t r a t e d  i n  F ig .  7 .  When power is  f i r s t  turned 
on o r  when t h e  CPME i s  i n  t h e  INITIALIZE mode, a  RESET s i g n a l  is  generated 
which a l lows  t h e  s t a t e  of t h e  HIGH-POWER/LOW-POWER MODE s e l e c t  swi tch  t o  be 
l a t ched .  The HIM0DE.L s i g n a l  s t a t e  i s  d isp layed  on t h e  CPME f r o n t  pane l  
a s  "HI-PWR XMTR SEL" f o r  high-power mode s e l e c t e d .  The presence of t h i s  
s i g n a l  does not  i n d i c a t e  t h a t  t h e  high-power t r a n s m i t t e r  i s  i n  f a c t  a c t i v e ;  
i t  merely i n d i c a t e s  t h a t  w e  wish i t  t o  be a c t i v e .  The HIM0DE.L s i g n a l  is 
used t o  swi tch  i n  t h e  a p p r o p r i a t e  elements f o r  e i t h e r  high-or low-power 
ope ra t i on  by c o n t r o l l i n g  a  DPDT (double po l e ,  double  throw) swi tch .  When 
t h e  DPDT s w i t c h ' s  b u i l t - i n  i n d i c a t o r  c i r c u i t s  show t h a t  t h e  swi tch  is i n  t h e  
high-power p o s i t i o n ,  t h e  HIPWR s i g n a l  goes t r u e .  This  s i g n a l  a c t i v a t e s  t h e  
power s u p p l i e s  f o r  t h e  tube  a m p l i f i e r ,  and g ives  a  v i s u a l  i n d i c a t i o n  ( t h e  l K V ,  
6V ACTIVE LED on t h e  c o n t r o l  pane l )  t h a t  t h e  high-power t r a n s m i t t e r  s e c t i o n  
i s  ready.  

2.2.1.5 Power-up/Power-fail C i r c u i t r y  

Refer t o  F igure  8 .  When t h e  CPME is  powered-up o r  i n i t i a l i z e d ,  t h e  POWER- 
FAIL s i g n a l  goes t r u e  and t h e  ENABXMIT (enable  t ransmiss ion)  goes f a l s e .  Af t e r  
64 seconds,  t h e  ENABXMIT s i g n a l  goes t r u e ,  which a l lows  t h e  CPME t o  r e p l y  t o  
i n t e r r o g a t i o n s .  The 64-second timeout is  t o  a l low t h e  tube a m p l i f i e r  ample 
t ime t o  warm up, a s  we l l  a s  t o  a l low va r ious  t ransponder  and CPME t i m e r s  t o  
t ime ou t .  When another  64 seconds have elapsed ( i . e . ,  128 sec  a f t e r  t h e  CPME 
has  been i n  t h e  RUN mode wi th  power on) t h e  POWER-FAIL f l a g  i s  c l e a r e d ,  and 
t h e  CPME runs  normally.  The POWER-FAIL f l a g ,  when a c t i v e ,  simply i n d i c a t e s  
t h a t  power t o  t h e  CPME has  been o f f  f o r  a  whi le  o r  t h a t  t h e  CPME has r e c e n t l y  
been i n i t i a l i z e d .  This  f e a t u r e  i s  u s e f u l  i n  performing remote d i a g n o s t i c s  
from t h e  s enso r ,  a s  i t  v e r i f i e s  t h a t  a  CPME f a i l u r e  has occurred r a t h e r  than  
a  sensor  f a i l u r e  and a l s o  i n d i c a t e s  t h a t  someone may have changed CPME c o n t r o l  
s e t t i n g s .  The POWER-FAIL f l a g  i s  s e n t  i n  r e p l y  t r ansmis s ions ,  a s  a  f a u l t  b i t ,  
dur ing  t h e  f i r s t  64 seconds t h a t  t h e  CPME i s  a b l e  t o  r e p l y  ( i . e . ,  64 t o  128 
sec  a f t e r  power-up o r  i n i t i a l i z a t i o n ) .  

2.2.2 ELR2 Card 

F igure  9 shows t h e  l o g i c  needed t o  de l ay  CPME r e p l i e s  by 0 ,  128, o r  256 
microseconds. 

2 .2 .2 .1  Delay S e l e c t i o n  Logic 

A swi tch  on t h e  CPME c o n t r o l  panel  is  used t o  s e l e c t  t h e  d e s i r e d  tu rn-  
around de l ay .  The s t a t e  of t h i s  swi tch  is  l a t ched  a f t e r  power-up o r  i n i t i a l i z a t i o n ,  
and cannot be changed un le s s  t h e  CPME i s  r e - i n i t i a l i z e d .  
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Fig. 8. Power-up/power-fail circuitry 





2.2.2.2 Zero Delay Se lec ted  

If ze ro  de l ay  is  d e s i r e d ,  t h e  "D0" s i g n a l  goes t r u e ,  which i n  t u r n  
gene ra t e s  a s i g n a l  "NODEL" (no d e l a y ) .  The "NODEL" s i g n a l  t r u e  cond i t i on  
ho lds  a l l  t h e  de l ay  c i r c u i t r y  i n  a reset cond i t i on ,  and a l s o  resets a l l  
f a u l t  cond i t i ons  a s s o c i a t e d  w i t h  t h e  turn-around de l ay  c i r c u i t r y .  When 
"DQI" i s  a c t i v e ,  i t  g a t e s  t h e  "REPLY" s i g n a l  through t o  form "DELREP" (delayed 
r ep ly )  wi th  on ly  a few g a t e  de l ays .  

2.2.2.3 F a u l t  Detec t ion  C i r c u i t r y  

A des ign  philosophy was followed which i n c r e a s e s  r e l i a b i l i t y  and reduces 
f i e l d  r e p a i r  t i m e .  Wherever p o s s i b l e ,  i n v a l i d  cond i t i ons  a r e  de t ec t ed  and 
d isp layed .  For example, t h e  "D-FLT" (delay f a u l t )  s i g n a l  i s  generated when 
more than one turn-around de l ay  t i m e  has  been s e l e c t e d .  This  occurrence 
i s  l o g i c a l l y  impossible ,  bu t  has  i n  f a c t  occurred due t o  bad ch ips ,  connector  
problems, and s o  f o r t h .  Another example shown i s  "C-FLT" (counter  f a u l t ) .  
The 13-b i t  counter  should never  overf low,  but  i f  i t  does an e r r o r  i s  ind i ca t ed .  
Two o t h e r  f a u l t  d e t e c t o r s  a r e  l oca t ed  on t h e  ELR2 ca rd ,  bu t  a r e  no t  shown 
i n  F ig .  9 f o r  s i m p l i c i t y .  These a r e  "REP-FLT" ( r ep ly  f a u l t ) ,  which is  
generated when any combination of "DAREP" (delayed ATCRBS r e p l y ) ,  "DDABREP" 
(delayed DABS rep ly )  and an undelayed r e p l y  a r e  p re sen t  s imul taneous ly ,  and 
"MODE-FLT" ( r ep ly  mode f a u l t ) ,  which i s  generated when any combination of 
Mode A ATCRBS, Mode C ATCRBS, and DABS f l i p - f l o p s  a r e  set s imultaneously.  
The "MODE-FLT" s i g n a l  t r u e  can i n d i c a t e  a f a i l u r e  i n  t h e  t ransponder  o r  a 
f a i l u r e  i n  t h e  "MUTUAL SUPPRESSION DRIVER CIRCUITRY" shown i n  F ig .  9. 

2.2.2.4 ATCRBS Turnaround Delay 

2.2.2.4.1 128 Microsecond Delay Se l ec t ed  

The "REPLY" and "DIG SUP" ( d i g i t a l  suppress ion)  s i g n a l s  become a c t i v e ,  
which i n  t u r n  set t h e  "START" s i g n a l  a t  t h e  next  r i s i n g  edge of t h e  "2MHz 
CLOCK". The "START" s i g n a l  d r i v e s  t h e  "MUT SUP" (mutual suppress ion)  l i n e  
t o  t h e  t ransponder ,  thereby i n h i b i t i n g  f u r t h e r  decoding of i n t e r r o g a t i o n s  whi le  
t h e  d e l a y  is  t ak ing  p lace .  

The s t a t e  of t h e  "MODE-A" and "MODE-C" s i g n a l s  is then l a t c h e d  a t  t h e  next  
r i s i n g  edge of t h e  2MHz c lock .  No more than one of t h e s e  s i g n a l s  should be  
t r u e .  Meanwhile, t h e  "REPLY" s i g n a l  from t h e  t ransponder  is  simply gated o u t ,  
and no delayed r e p l y  i s  generated a s  y e t .  125 microseconds l a t e r ,  t h e  "END125" 
s i g n a l  is  generated and gated w i th  t h e  t r u e  "D128" s i g n a l  t o  produce a s i g n a l  
c a l l e d  "SET". The "SET" s i g n a l  sends t h e  "SET-A" and SET-C" s i g n a l s  t o  t h e  
t ransponder ,  caus ing  t h e  t ransponder  t o  g ive  an a p p r o p r i a t e  Mode A o r  Mode C 
ATCRBS r e p l y  3 microseconds l a t e r .  This  r e p l y  is  gated through t h e  system t o  
form "DAREP" (delayed ATCRBS r e p l y ) ,  because t h e  "SET" s i g n a l  sets a f l i p - f l o p  
which a l lows  t h i s  t o  occur .  Thus t h e  t ransponder  has  a c t u a l l y  generated two 
ATCRBS r e p l i e s :  t h e  f i r s t  is  l o s t ,  and t h e  second one (which comes 128 micro- 



seconds a f t e r  t h e  f i r s t  r e p l y )  i s  t r a n s m i t t e d  as t h e  de layed  r e p l y .  A s h o r t  
w h i l e  la ter  (157 microseconds a f t e r  "START" goes  t r u e ) ,  t h e  "END 157" 
s i g n a l  becomes a c t i v e ,  which r e t u r n s  t h e  c i r c u i t r y  t o  i t s  i n i t i a l  s ta te  by 
g e n e r a t i n g  t h e  "DONE" s i g n a l .  

2 .2 .2 .4 .2  256 Microsecond Delay S e l e c t e d  

The same sequence of e v e n t s  o c c u r s  as o c c u r r e d  w i t h  t h e  128  microsecond 
ATCRBS d e l a y ,  e x c e p t  t h a t  "END 253" is used t o  e l i c i t  t h e  second ATCRBS r e p l y  . 
from t h e  t r a n s p o n d e r  and "END 285" is used t o  reset t h e  d e l a v  c i r c u i t r y .  

2 .2 .2 .5  DABS Turnaround Delay 

The DABS tu rnaround  d e l a y  i s  handled i n  a n  e n t i r e l y  d i f f e r e n t  manner 
from t h e  ATCRBS d e l a y .  T h i s  is  due t o  t h e  d i f f e r e n t  t iming  schemes invo lved  
(690 KHz c l o c k  f o r  ATCRBS v s .  1 MHz c l o c k  f o r  DABS r e p l i e s ) .  Note t h a t  ATCRBS/ 
DABS a l l - c a l l  r e p l i e s  are c o n s i d e r e d  t o  b e  "DABSt'-type r e p l i e s  i n s o f a r  as t h e  
t iming  i s  concerned.  

2 .2 .2 .5 .1  128  Microsecond Delay S e l e c t e d  

The f i r s t  r e p l y  p u l s e  and d i g i t a l  s u p p r e s s i o n  s i g n a l s  are used t o  g e n e r a t e  
"START", as was t h e  c a s e  w i t h  ATCRBS. 256 microseconds l a te r ,  "END 256" is used 
t o  g e n e r a t e  t h e  "DONE" s i g n a l  which resets t h e  d e l a y  c i r c u i t r y .  The "DABS XMIT" 
(DABS t r a n s m i s s i o n )  s i g n a l  goes  t r u e  p r i o r  t o  t h e  "REPLY" s i g n a l .  

"DABS XMIT" is l a t c h e d ,  and "DABS.L1' i s  used t o  g a t e  t h e  DABS r e p l y  i n t o  
a CMOS s h i f t  r e g i s t e r  c h a i n  where i t  is de layed  f o r  128  microseconds.  When 
t h e  DABS r e p l y  emerges from t h e  s h i f t  r e g i s t e r  d e l a y ,  i t  becomes "DDABREP" 
(de layed  DABS r e p l y )  and is s e n t  o u t  t o  t h e  t r a n s m i t t e r  as t h e  de layed  r e p l y .  

2.2.2.5.2 256 Microsecond Delay S e l e c t e d  

Opera t ion  i s  s i m i l a r  t o  t h a t  d e s c r i b e d  i n  t h e  p r e c e d i n g  p a r a g r a p h ,  e x c e p t  
t h a t  more s h i f t  r e g i s t e r s  are used t o  o b t a i n  a l o n g e r  d e l a y  and "END 384" i s  
used t o  reset t h e  d e l a y  l o g i c  a f t e r  complet ion of t h e  DABS r e p l y .  

2 .2 .3  ELR3 Card 

The l o g i c  c o n t a i n e d  on t h i s  c a r d  a l l o w s  a message turn-around test t o  b e  
performed between t h e  s e n s o r  and CPME. It a l s o  a l l o w s  t h e  CPME t o  r e p o r t  i t s  
o p e r a t i n g  s t a t u s  t o  t h e  s e n s o r  f o r  remote  d i a g n o s i s  of CPME problems. 

2.2.3.1 I n i t i a l i z a t i o n  

The "RESET" s i g n a l  comple te ly  c l e a r s  t h e  SM p r o c e s s o r ,  and a l l  f a u l t  con- 
d i t i o n s  a s s o c i a t e d  w i t h  i t .  A f t e r  e v e r y  SM i n t e r f a c e  t r a n s a c t i o n ,  t h e  sys tem 



i s  c l e a r e d  (with t h e  except ion  of PBUT, B-bit ,  and f a u l t  cond i t i ons )  by t h e  
"SMCLR" (s tandard  message c l e a r )  s i g n a l .  The "SMCLR" s i g n a l  becomes a c t i v e  
220 microseconds a f t e r  t h e  f i r s t  l e ad ing  edge of "SMC" (s tandard  message 
c l o c k ) ,  and s o  occurs  a f t e r  a l l  SM i n t e r a c t i o n s  have taken p l ace .  Refer  t o  
t h e  s i m p l i f i e d  schematic  presen ted  i n  F ig .  10. 

2.2.3.2 Operat ion 

The t ransponder  has  a  un i -d i r ec t i ona l  c lock  l i n e  ou tpu t ,  "SMC", which . 
provides  t h e  r equ i r ed  t iming f o r  t h e  i n t e r f a c e .  The t ransponder  a l s o  provides  
a  1 - b i t  b i - d i r e c t i o n a l  d a t a  bus,  "SMD" (s tandard message d a t a ) ,  on which up l ink  
d a t a  is  t r a n s f e r r e d  from t h e  t ransponder  t o  t h e  SMI processor ,  and downlink 
d a t a  is  s e n t  t o  t h e  t ransponder  from t h e  SMI processor .  The ope ra t i on  of t h e  
SMI processor  is summarized i n  t h e  f lowchar t  of F ig .  11. 
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3.0 ENVIRONMENTAL SYSTEM 

The environmental system shown in Fig. 12 enables the CPME to operate 
satisfactorily outdoors. All temperature switches are located on a single 
heat sink, which senses the CPME's internal air temperature. The safe operating 
limits on this internal air temperature are shown in Fig. 13. 

Each CPME system has been tested and shown to be completely functional 
over outside air temperatures ranging from -lO°F to +105OF. When operated 
in the high-power mode, the CPME's internal air temperature is typically 
80°F when'the outside ambient is -lO°F. 

Operation in the high temperature range is limited by the transponder 
(maximum transponder operating temperature is +130°F) and by the efficiency 
of the heat exchanger. The heat exchanger limits the transponder's temperature 
to a rise of 25OF.above outside ambient when the CPME is in the high-power 
mode, and 18OF in the low-power mode. Thus the CPME can safely operate out- 
doors in temperatures of 105OF for the high-power mode and 112OF for the low- 
power mode. 
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4.0 POWER DISTRIBUTION 

4 .1  Over-voltage P r o t e c t i o n  

A l l  CPME s u p p l i e s  w i t h  t h e  e x c e p t i o n  of t h e  l O O O V  supp ly  are equipped 
w i t h  over -vo l tage  p r o t e c t i o n .  A d d i t i o n a l l y ,  t h e  CPME is  p r o t e c t e d  from 
power l i n e  t r a n s i e n t s .  

A l l  s u p p l i e s  have a c c e s s i b l e  v o l t a g e  a d j u s t m e n t s ,  excep t  f o r  t h e  +12V 
and -12V s u p p l i e s  which are non-ad jus tab le .  The +5V and +28V have been 
f i t t e d  w i t h  knobs f o r  ease of ad jus tment .  The +6V, -20V, and +1000V s u p p l i e s  
are s c r e w d r i v e r  a d j u s t a b l e .  The p l e x i g l a s s  h i g h  v o l t a g e  p r o t e c t i o n  p l a t e  
must b e  removed b e f o r e  t h e  v o l t a g e  ad jus tment  t r i m p o t  on t h e  +1000V supply  
can  b e  reached ,  s o  c a r e  shou ld  b e  t aken  when making t h i s  a d j u s t m e n t .  

4.2 C i r c u i t  Breakers  

Three  c i r c u i t  b r e a k e r  s w i t c h e s  are prov ided .  A 2.5 amp b r e a k e r  c o n t r o l s  
t h e  "convenience o u t l e t " ;  a 10 amp b r e a k e r  c o n t r o l s  t h e  power t o  t h e  500 w a t t  
h e a t e r  and t o  a l l  f a n s ,  and a  s p e c i a l  7 .5  amp b r e a k e r  c o n t r o l s  power t o  t h e  
l o g i c  and RF components. The 7.5 amp b r e a k e r  f e a t u r e s  immunity t o  c u r r e n t  
s p i k e s  which are o f t e n  encountered d u r i n g  sys tem power-up. T h i s  f e a t u r e  
was r e q u i r e d  s o  t h a t  i f ,  d u r i n g  normal f i e l d  o p e r a t i o n ,  AC power t o  t h e  CPME 
is  i n t e r r u p t e d ,  when power i s  r e s t o r e d  t h e  CPME w i l l  power-up a g a i n  normal ly  
w i t h o u t  t h e  need t o  reset t h e  b r e a k e r  by human i n t e r v e n t i o n .  N o t i c e  t h a t  
t h e  t o t a l  c u r r e n t  which cou ld  b e  drawn from t h e  AC power l i n e  i s  2.5 + 7.5 
+ 1 0  = 20 amperes,  t h u s  s t a n d a r d  s e r v i c e  c a n  b e  used.  

4 .3  Power Consumption 

A c t u a l  power t a k e n  by t h e  CPME from t h e  AC l i n e  is as f o l l o w s .  

a.  Environmental  System: 

The h e a t e r  u s e s  500 w a t t s ,  and t h e  h e a t  exchanger ' s  c o o l i n g  f a n s  u s e  50 w a t t s .  

b .  RF, Logic ,  and C i r c u l a t i n g  Fans:  

The low-power mode u s e s  240 w a t t s ,  w h i l e  t h e  high-power mode u s e s  325 w a t t s .  
Note t h a t  t h e s e  f i g u r e s  are t h e  "heat load"  which t h e  h e a t  exchanger  is r e q u i r e d  
t o  d i s s i p a t e .  

c .  Worst Combination: 

The wors t  c a s e  power consumption o c c u r s  on c o l d  days  when t h e  CPME is 
i n  t h e  high-power mode, r e q u i r i n g  325 w a t t s  ( e l e c t r o n i c s  and c i r c u l a t i n g  f a n s )  
p l u s  500 w a t t s  ( h e a t e r )  o r  a t o t a l  of 825 w a t t s  drawn from t h e  AC power l i n e s .  
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APPENDIX A 

CPME OPERATING PROCEDURES 

1.0 NORMAL OPERATION 

It is assumed that the CPMX has been set up so that ample space is available 
all around the unit (to facilitate ventilation and repairs) and that if the 
unit is located outdoors, the sun shield has been attached. It is also assumed 
that the CPME unit has been connected to 120 VAC 20 ampere service. 

1.1 Set Call Sign 

The CPME will transmit a Comm-B reply with a dummy call sign contained in 
the extended capability MB field in response to a correctly addressed interro- 
gation with RL=1 and MSRC=0001. The call sign consists of 42 bits which are 
transmitted in bit positions 47 through 88 of the Corn-B data field inclusive 
(see FAA-RD-74-62, paragraph 4.4.3.6). Set the 42-bit call sign as follows: 

1.1.1 Remove board 83 (ELR3) from the "External Logic Rack" (see 
Fig. A-1) . 

1.1.2 Set call-sign switches as follows (switch set "ON" transmits 
a "ZERO", "OFF" transmits a "ONE") : 

Bit /I 
47 
4 8 
4 9 
51 
5 2 
5 3 
54 
55 
5 6 
5 7 
58 
5 9 
6 0 
6 1 
6 2 
6 3 
64 
65 
6 6 
6 7 
6 8 
69 

Pack Location 

U5 8 
u12 
u12 
u12 
u12 
u12 
u12 
u12 
u12 
U24 
U24 
U24 
U24 
U24 
U24 
U24 
U24 
U36 
U36 
U36 
U36 
U36 

Switch d 

1 
2 
1 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 

Pack Location 

U36 
U36 
U36 
U48 
U4 8 
U48 
U4 8 
U48 
U48 
U48 
U48 
U60 
U60 
U60 
U60 
U60 
U60 
U60 
U60 

Switch /I 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 



EXTERNAL 
XMT R - 

SOURCE 
PATCH 

Fig. A-1. DABS CPME: Internal  view 



1.1.3 Carefully replace ELR3 board in the proper slot (slot #3) 
of the External Logic Rack. 

1.2 Set ATCRBS Mode C Code (altitude simulator) 

On the CPME CONTROL PANEL locate the two sets of switches marked 
"ALTIMETER". The transmitter bits are set as follows (see Fig. A-2): 

Bit Switch Bank 

Left 
Left 
Left 
Left 
Left 
Left 
Left 
Right 
Right 
Right 
Right 

Switch /I 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 

Note: Switch set "ON" transmits the bit, switch set "OFF" does not. Bit 
Dl is not used (always zero). The zero feet altitude code is obtained by 
setting B2, B4, and C2 "ON", all others "OFF". 

1.3 Set ATCRBS Mode A Code on thumbwheel switches provided on CPME 
CONTROL PANEL. 

1.4 Set Receiver Threshold 

Adjust variable attenuator AT2 for the desired threshold level. A setting 
of 26 dB results in an input sensitivity of approximately -40 dBm as referenced 
to the CPME RF port. Similarly, a setting of 66 dB results in a sensitivity of 
approximately fl dBm. It is recommended that attenuator AT2 should always be set 
at some value greater than 8 dB for the purpose of protecting the receiver. See 
calibration information on each CPME for more accurate setting. 

1.5 Select Operating Modes 

1.5.1 Select fl, 128, or 256 usec additional turn-around delay 
time by setting the TURNAROUND DELAY control (see Fig. A-2). 

1.5.2 Set the INITIALIZE/RUN switch to the RUN position. Note: 
after powerup, if it is necessary to change the Turnaround Delay setting or 
Transmitter Power switch, then put the 1NITIALIZE/RUN switch into the INITIALIZE 
position and then back to the RUN position. 
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Fig.  A-2. CPME c o n t r o l  pane l  diagram 



1.5 .3  Se t  t h e  TRANSMITTER POWER (XMTR PWR) swi tch  t o  e i t h e r  HIGH 
o r  LOW power, a s  d e s i r e d .  A t  t h e  CPME RF p o r t ,  t h e  ou tput  power i n  t h e  
low-power mode can be va r i ed  from -80 dBm t o  +21 dBm i n  1 dB s t e p s ,  whereas 
ou tput  power i n  t h e  high-power mode can be v a r i e d  from -9 dBm t o  +51 dBm 
cont inuously.  For g r e a t e s t  accuracy i n  power l e v e l  s e t t i n g ,  i t  is recommended 
t h a t  t h e  high-power mode output  should be used only  i n  t h e  range from +11 dBm 
t o  +51 dBm. It i s  a l s o  recommended t h a t  t h e  low-power mode be  used whenever 
p o s s i b l e ,  e s p e c i a l l y  du r ing  h o t  weather .  

1 .5 .4  Se t  t h e  s t a t u s  REPORTING TO SENSOR swi tches  a s  d e s i r e d  f o r  
s t a t u s  r e p o r t s .  I n  response t o  a  c o r r e c t l y  addressed i n t e r r o g a t i o n  wi th  RL=1 
and MSRC=0001, t h e  CPME s h a l l  t r ansmi t  a  Comm-B r e p l y  w i t h  b i t s  38 through 
46 def ined  a s  fo l lows:  

1 .5 .4 .1  A l l  ze roes  i f  t h e  ALL STATUS swi tch  is  i n  t h e  
INHIBIT p o s i t i o n .  

1.5.4.2 With t h e  ALL STATUS swi tch  i n  t h e  ENABLE p o s i t i o n  
and t h e  LOCKOUT STATE swi tch  i n  t h e  INHIBIT p o s i t i o n ,  t h e  CPME f a u l t  b i t s  
(def ined  i n  paragraph 1.9.5.2) a r e  t r ansmi t t ed  i n  b i t s  38 through 42 
i n c l u s i v e .  B i t s  43 through 46 i n c l u s i v e  a r e  t r ansmi t t ed  a s  zeroes .  

1 .5 .4 .3  With t h e  ALL STATUS swi tch  i n  t h e  ENABLE p o s i t i o n  
and t h e  LOCKOUT STATE swi tch  i n  t h e  ENABLE p o s i t i o n ,  t h e  CPME f a u l t  b i t s  a r e  
t r ansmi t t ed  i n  b i t s  38 through 42, and t h e  CPME lockout  s t a t e  s t a t u s  (def ined  
i n  paragraph 1.9.4)  i s  r epo r t ed  i n  b i t s  43 through 46. 

1 .5 .4 .4  Whenever t h e  ALL STATUS swi tch  is  i n  t h e  ENABLE 
p o s i t i o n ,  t h e  FR b i t  ( b i t  19 of any s u r v e i l l a n c e  o r  Comm-B rep ly )  is t r ans -  
mi t t ed  a s  a  "one" i f  any of t h e  f a u l t  b i t s  a r e  set ( l o g i c a l  "OR") and "zero" 
o therwise .  When t h e  ALL STATUS swi tch  is  i n  t h e  INHIBIT p o s i t i o n ,  t h e  FR b i t  
i s  a  "zero". 

1 . 6  Set  AT5 

At tenua tor  AT5 d i r e c t l y  c o n t r o l s  t h e  ou tput  power i n  t h e  low-power mode. 
Se t  t o  11 dB f o r  normal low-power mode ope ra t i on ,  t hus  g iv ing  approximately 
+10 dBm output  a t  t h e  CPME RF p o r t .  See c a l i b r a t i o n  in format ion  on each CPME 
f o r  more a c c u r a t e  s e t t i n g .  I n  t h e  high-power mode, AT5 sets t h e  d r i v e  l e v e l  
t o  t h e  RF power amp. Se t  AT5 t o  6  dB f o r  normal high-power mode ope ra t i on ,  
t hus  g i v i n g  +10 dBm inpu t  t o  t h e  GE RF power amp. 

1 .7  Powerup 

1 . 7 . 1  Make s u r e  a l l  c i r c u i t  breakers  a r e  i n  t h e  OFF p o s i t i o n .  



1.7.2 Connect antenna system cable  t o  the  type N connector on 
the  o u t s i d e  of t h e  CPME. 

1 .7 .3  Connect AC power (110 VAC, 20 A) t o  t h e  CPME through the  
Bendix connector ,  on the  o u t s i d e  of t h e  enc losure ,  using t h e  power cord 
provided. 

1.7.4 Turn t h e  c i r c u i t  breaker  marked "RF/LOGIC" t o  t h e  ON 
pos i t i on .  The handle should l i g h t  up r ed .  

1 .7.5 The green.lamp on t h e  o u t s i d e  of t h e  CPME enclosure  should 
l i g h t  up. 

Turn t h e  ON/OFF swi tch  of t h e  DVM t o  t h e  ON pos i t i on .  Check the  supp l i e s  
by s e t t i n g  t h e  D V M f s  s e l e c t o r  switch t o  t h e  des i r ed  supply and reading  t h e  
value on the  D i g i t a l  Volt Meter (DVM). The DVM i s  accura t e  t o  about 2%. Note 
t h a t  t h e  6V and l O O O V  supp l i e s  a r e  a c t i v e  only when t h e  high-power t r a n s m i t t e r  
has been se l ec t ed .  Also no te  t h a t  t h e  6V supply has been s e t  t o  about 5.8V. 
This  lower f i lament  vo l t age  inc reases  the  l i f e  expectancy of t h e  GE RF power 
amp, and t h e  vo l t age  can be increased a s  t h e  tube ages. Turn o f f  t he  DVM. 

1 .9 Check CPME Control  Panel I n d i c a t o r s  

1 .9 .1  Turnaround de lay  i n d i c a t o r  should correspond t o  se l ec t ed  
turn-around delay.  I f  n o t ,  then r e - i n i t i a l i z e  t h e  system using t h e  
INITIALIZE/RUN switch. 

1 .9.2 I f  t h e  high-power mode is  s e l e c t e d ,  then t h e  " l K V ,  6V 
ACTIVE" and "HI-PWR XMTR SEL" i n d i c a t o r s  should be lit. I f  t he  low-power 
mode is  s e l e c t e d ,  n e i t h e r  of these  should be lit .  R e - i n i t i a l i z e  t h e  system 
i f  necessary. 

1 .9 .3  The ATCRBS INTERROGATIONS i n d i c a t o r  f l a s h e s  momentarily 
( . l  s ec )  when a n  ATCRBS i n t e r r o g a t i o n  is  de tec t ed .  The DABS INTERROGATIONS 
i n d i c a t o r  i s  a c t i v a t e d  when a  DABS i n t e r r o g a t i o n  is de tec ted ,  and remains 
lit f o r  approximately 16 seconds t h e r e a f t e r .  No v i s u a l  i n d i c a t i o n  is given 
f o r  ATCRBS/DABS o r  DABS-only All-Calls.  

1 .9.4 The "LOCKOUTS" i n d i c a t o r s  r e f l e c t  t h e  s t a t e  of t h e  CPME 
lockouts  a t  a l l  t imes. Ind ica to r  lit implies  "locked out". When the  ALL 
STATUS and LOCKOUT STATE switches a r e  both i n  t h e  ENABLE p o s i t i o n ,  then t h e  



lockout  s t a t e  a s  i n d i c a t e d  is  t r ansmi t t ed  i n  a  Comm-B r e p l y  a s  fol lows ( i n  
response t o  a  c o r r e c t l y  addressed i n t e r r o g a t i o n  wi th  RL=1 and MSRC=0001): 

B i t  43: ATCRBS lockout  s t a t e  
B i t  44: ATCRBSIDABS All-Cal l  lockout  s t a t e  
B i t  45: a u x i l i a r y  (DABS-only) All-Cal l  lockout  s t a t e  
B i t  46: a u x i l i a r y  d i s c r e t e  address  i n t e r r o g a t i o n  lockout  s t a t e  

1 .9 .5  F a u l t  B i t s  

1 .9 .5 .1  I f  a  CPME f a u l t  e x i s t s ,  t h e  LED marked "FAULT" 
w i l l  l i g h t  up and so  w i l l  t h e  red  " f a u l t  lamp" on t h e  o u t s i d e  of t h e  CPME 
enc losure .  This  main " f a u l t  b i t "  i s  a  l o g i c a l  OR of t h e  f a u l t  b i t s  l i s t e d  
below. It is  t h e  s t a t e  of t h i s  main f a u l t  b i t  which is  t r ansmi t t ed  a s  t h e  FR 
b i t  i n  r e p l i e s ,  a s  noted i n  paragraph 1.5.4.4.  The f a u l t  l i g h t s  a r e  l i t  
r e g a r d l e s s  of t h e  s t a t e  of t h e  "Reporting t o  Sensor" swi tches .  

1 .9 .5 .2  F ive  LEDS (#I-#5) on t h e  CPME Cont ro l  Panel  
always d i s p l a y  t h e  s t a t e  of t h e  CPME f a u l t  d e t e c t i o n  system. I f  t h e  
"Reporting t o  Sensor:  A l l  S t a t u s "  swi tch  is  i n  t h e  ENABLE p o s i t i o n ,  t hen  
t h e  cond i t i on  of t h e s e  LEDS i s  t r ansmi t t ed  i n  t h e  Comm-B r e p l y  b i t s  shown 
( s e e  a l s o  paragraph 1.5.4.2) i n  response t o  a  c o r r e c t l y  addressed i n t e r r o -  
g a t i o n  wi th  RL-1 and MSRC=0001. 

LED /I Reply B i t  Fau l t  

1 3  8  O s c i l l a t o r  ou t  of phase-lock. 
2  39 Power f a i l l i n i t i a l i z e  ( a  128 s e c  

t i m e r  which is  a c t i v a t e d  a t  powerup 
o r  when system is  i n i t i a l i z e d ) .  

3  4  0  I n s i d e  of enc losu re  under-temperature.  
4  4  1 I n s i d e  of enc losure  over-temperature.  
5  42 Miscel laneous f a u l t  ( a  l o g i c a l  OR of 

t h e  f a u l t  cond i t i ons  descr ibed  i n  
paragraph 1 .9 .5 .3) .  

1 .9 .5 .3  Miscel laneous f a u l t  cond i t i ons  a r e  d e t e c t e d  and 
d isp layed  a s  fol lows ( t h e s e  b i t s  a r e  no t  i n d i v i d u a l l y  t r ansmi t t ed  i n  any 
r e p l i e s )  : 

LED fl 

6  
7 
8  
9  

F a u l t  

Transmi t te r  du ty  c y c l e  exceeded. 
M u l t i p l e  turn-around de l ays  s e l e c t e d .  
Mul t i p l e  r e p l y  types  d e t e c t e d .  
Mul t i p l e  re1 l y  modes reques ted  (a  
t ransponder  f a u l t  cond i t i on )  
Turnaround de l ay  s t a t e  counter  f a i l u r e .  
SMI s t a t e  counter  f a i l u r e .  
SPARE f unused) . 



1.10 Adjust AT1 

I f  t h e  high-power mode i s  s e l e c t e d ,  t h e  CPME RF power output  l e v e l  i s  
ad jus ted  by a t t e n u a t o r  AT1. To a d j u s t  t h i s ,  monitor t h e  r e p l i e s  by connect ing 
an osc i l l o scope  t o  t he  "OUTPUT MONITOR TO SCOPE" jack  provided. Convert 
t h e  peak vo l t age  readings  of t h e  r e p l y  pu l se s  t o  "dBm" readings  by using 
the  c r y s t a l  c a l i b r a t i o n  c h a r t s  provided wi th  each CPME. Add t h i s  power reading 
( i n  dBm) t o  t h e  "bias  value" ( s ee  c a l i b r a t i o n  information f o r  each CPME), 
which i s  about +38.5 dB, t o  o b t a i n  t h e  a c t u a l  RF output  power a t  t h e  CPME RF 
p o r t .  A c a l i b r a t i o n  c h a r t  which conver t s  t h e  d i a l  reading  of AT1 i n t o  t h e  
a t t e n u a t i o n  va lue  i s  a l s o  provided,  so  t h a t  r e l a t i v e  power l e v e l s  can be 
e a s i l y  s e t .  

1.11 Turn On Environmental System 

Turn on t h e  c i r c u i t  breaker  marked "HEAT/COOLH. A l l  f i v e  of t h e  i n t e r n a l  
f a n s  should run  cont inuously.  

1.12 Se t  PAM/PPM Switch 

A screwdriver-adjust  switch is  loca t ed  on t h e  f r o n t  of t h e  t ransponder  f o r  
t h e  purpose of changing r e p l y  modulation formats.  The CPME i s  shipped wi th  t h e  
swi tch  i n  t h e  PPM p o s i t i o n ,  and t h e  c o n t r o l  should normally remain i n  t h i s  
pos i t i on .  



2.0 USE OF CPME DURING MONOPULSE ACCURACY TESTS 

2 .1  Externa l  S igna l  Source 

A high-accuracy CW s i g n a l  source ,  such a s  an HP8640B s i g n a l  gene ra to r ,  
i s  r equ i r ed .  

2.2 Connecting t h e  Ex te rna l  Source 

Connect t h e  e x t e r n a l  source  a s  fo l lows:  

2 .2 .1  I f  t h e  power a v a i l a b l e  from t h e  s i g n a l  genera tor  is +20 dBm, 
then set i t  t o  t h i s  va lue .  With t h e  CPME power OFF, remove t h e  "External  XMTR 
Source Patch" semi-r igid c o a x i a l  jumper. Care must be taken i n  removing t h i s  
jumper s o  a s  not  t o  damage i t .  To remove, unscrew each s i d e  by one t u r n ,  
then  r e p e a t  ( a l t e r n a t i n g  s i d e s )  u n t i l  jumper comes o f f .  To r e p l a c e  i t ,  a  
to rque  wrench is recommended. Attach t h e  s i g n a l  gene ra to r  t o  t h e  s i d e  of 
t h e  pa t ch  i n p u t  marked "XMTR Source Input".  Terminate t h e  pa tch  jack marked 
" I n t e r n a l  Source Output" i n  a  50 ohm impedance. The CPME can now o p e r a t e  
a s  before ,  i n  e i t h e r  h igh  o r  low power mode, bu t  with a  v a r i a b l e  frequency 
output .  S e t  a t t e n u a t o r  AT5 t o  zero  dB i f  t h e  high-power mode i s  used. 

2.2.2 I f  t h e  power a v a i l a b l e  from t h e  s i g n a l  gene ra to r  is o i l y  
+10 dBm, then  set i t  t o  t h i s  va lue .  With t h e  CPME power OFF, remove t h e  f l e x i b l e  
coax ia l  c a b l e  from pad AT3, l e a v i n g  t h e  o t h e r  end of t h i s  cab l e  a t t a c h e d  t o  t h e  
tube  a m p l i f i e r  u n i t .  At tach t h e  s i g n a l  gene ra to r  t o  t h e  cab l e .  The CPME can 
now o p e r a t e  a s  be fo re ,  bu t  on ly  i n  t h e  high-power mode. 

2 .3  Example of CPME Use f o r  C a l i b r a t i o n  

Assume t h a t  a  CPME is  l o c a t e d  7000 f e e t  from a sensor .  A 200 foo t  cab l e  
(wi th  6 dB l o s s )  i s  used between t h e  CPME and t h e  14 dB g a i n  horn an tenna ,  
g iv ing  an e f f e c t i v e  CPME antenna system ga in  of +8 dB. Also assume a sensor  
wi th  a  +28 dB ga in  an tenna  (ASR-7) and 5 dB e l e v a t i o n  l o s s  due t o  antenna beam 
shaping,  t hus  g iv ing  an  e f f e c t i v e  sensor  antenna ga in  of +23 dB. 

2.3.1 Link Ca lcu l a t i on  

An e s t i m a t e  of t h e  power l e v e l s  involved i s  made i n  t h e  fo l lowing  example 
( s e e  a l s o  s e c t i o n  3.5.6.1.3 of t h e  DABS CPME Performance S p e c i f i c a t i o n ) .  A 
maximum power i npu t  of -24 dBm is  r equ i r ed  a t  t h e  sensor  RF p o r t  ( s ee  FAA-ER-240-26, 
paragraph 4.5.4.3.1).  W e  wish t o  know t h e  RF power ou tput  a t  t h e  CPME RF p o r t  
needed t o  accomplish t h i s .  This  is given by: 



P - - + 197 + 20 log  (Range x F req ) ]  - GHOW - GASR7. o u t ,  CPME 'in,  s enso r  - 
FREE SPACE LOSS 

S u b s t i t u t i n g  : 

P 
7000 

= -24 dBm + 97 + 20 l o g  [ (  -) (1.090)] - 8 - 23 = +45 dBm. 
o u t ,  CPME 5280 

Thus a  maximum power ou tput  of +45 dBm is  r equ i r ed  a t  t h e  CPME RF p o r t  t o  
produce a  s i g n a l  l e v e l  of -24 dBm a t  t h e  sensor  RF inpu t  p o r t ,  under t h e  s t a t e d  
condi t ions .  The minimum CPME power s e t t i n g  r equ i r ed  is  40 dB less, o r  +5 dBm 
output  a t  t h e  CPME RF p o r t .  

2.3.2 CPME U s e  

Assume t h e  cond i t i ons  descr ibed  i n  paragraph 2.3.1 s t i l l  hold.  Also 
assume t h a t  an HP8640B s i g n a l  gene ra to r ,  which has  +10 dBm ou tpu t ,  i s  used. 
Connect t h i s  source  a s  descr ibed  i n  s e c t i o n  2.2.2, and t u r n  t h e  CPME on i n  
high-power mode. To t a k e  t h e  f i r s t  set of  r ead ings ,  set t h e  frequency of t h e  
gene ra to r  t o  1090 MHz and monitor r e p l i e s  on t h e  CPME's "Output Monitor t o  Scope" 
( b u i l t - i n  c r y s t a l  de t ec to r* ) .  Adjust t h e  high-power a t t e n u a t o r ,  AT1, u n t i l  t h e  
power ou tput  a t  t h e  CPME RF p o r t  i s  +35 dBm (which should r e s u l t  i n  a  -24 dBm 
s i g n a l  a t  t h e  s e n s o r ) .  To determine t h e  CPME RF p o r t  ou tput  from t h e  c r y s t a l  
d e t e c t o r  read ing ,  f i r s t  s u b t r a c t  t h e  "Power Bias  Value" ( t y p i c a l l y  38.5 dB) 
from t h e  d e s i r e d  RF power ou tpu t .  I n  t h i s  example, a  power l e v e l  of +45 dBm 
- 38.5 dB = +6.5 dBm must occur a t  t h e  c r y s t a l  d e t e c t o r .  U s e  t h e  c r y s t a l  
c a l i b r a t i o n  c h a r t  t o  conver t  t h i s  dBm reading  t o  a  v o l t a g e  reading.  For example, 
CPME /I1 (which con ta in s  c r y s t a l  /I4 and AT1 s e r i a l  /I13) would be  g iv ing  r e p l i e s  
a t  a  +45 dBm l e v e l  i f  t h e  peak v o l t a g e  measured a t  t h e  ou tput  monitor was 190 mV. 
(which corresponds t o  a  +6.5 dBm s i g n a l  t o  t h e  c r y s t a l ) .  The s e t t i n g  of AT1 
should be about  5  dB a t  t h i s  p o i n t  (which i s  a  d i a l  r ead ing  of 28 on t h e  tu rns-  
count ing d i a l  of AT1). For f u r t h e r  in format ion ,  r e f e r  t o  t h e  DABS CPME System 
Block Diagram. 

Once t h e  sensor  i s  c a l i b r a t e d  a t  t h i s  s e t t i n g ,  change t h e  HP8640B frequency 
+3 MHz, a s  s p e c i f i e d  i n  t h e  test procedures .  Now d i a l  i n  5  dB a d d i t i o n a l  - 
a t t e n u a t i o n  on AT1 and r e p e a t  (you can aga in  monitor t h e  RF power ou tpu t  on t h e  
c r y s t a l  d e t e c t o r  t o  make s u r e  t h e  l e v e l  went down by 5 dB). Continue t h e  procedure 
u n t i l  t h e  lowest  r equ i r ed  power s e t t i n g  has  been reached,  changing t h e  frequency 
n i n e  t i m e s  a t  each of t h e  n ine  power s e t t i n g s ,  f o r  a  t o t a l  of 8 1  sensor  runs .  

* 
Note: To use t h e  b u i l t - i n  c a l i b r a t e d  c r y s t a l  d e t e c t o r ,  run  a  s h o r t  BNC cab l e  

from t h e  "Output Monitor t o  Scope" j ack  t o  a  1-Megohrn scope i n p u t .  -- Do n o t  
t e rmina te  -- t h e  cab l e ,  a s  t h e  d e t e c t o r  i s  a l r eady  terminated i n s i d e  t h e  CPME. 



APPENDIX B 

EXCEPTIONS AND CLARIFICATIONS TO 
CALIBRATION AND PERFORMANCE MONITOR EOUIPMENT (CPME) 

ENGINEERING REQUIREMENT, FAA-ER-240-29* 

T h i s  Appendix p r o v i d e s  a paragraph-by-paragraph l i s t i n g  of ways i n  which 
t h e  C a l i b r a t i o n  and Performance Monitor Equipment d e s c r i b e d  i n  t h i s  p r o j e c t  
r e p o r t  d e v i a t e  from FAA Engineer ing  Requirement FAA-ER-240-29". I t e m s  a r e  
a l s o  i n c l u d e d  t o  c l a r i f y  t h e  in tended  meaning of a requ i rement  o r  t h e  manner 
i n  which t h e  requ i rement  was m e t  i n  t h e  MITILincoln Labora to ry  CPME d e s i g n .  

Many of t h e  l i s t e d  d e v i a t i o n s  d e r i v e  from t h e  f o l l o w i n g  agreed-upon ER 
e x c e p t i o n s  upon which t h e  d e s i g n  of t h e  MIT/Lincoln Laboratory-provided CPMEs 
was based : 

(1 )  The LL CPME s h a l l  have no ~omm-C/Comm-D c a p a b i l i t y ,  hence no 
ELM c a p a b i l i t y .  Also,  any r e p l y  b i t s  which,  when " t rue" ,  
i n d i c a t e  ELM c a p a b i l i t y  s h a l l  b e  set " f a l s e " .  

(2 )  The LL CPME s h a l l  n o t  respond t o  Mode 2 i n t e r r o g a t i o n s .  

( 3 )  The LL CPME s h a l l  have a h i g h  power mode. 

(4 )  S p e c i f i c a t i o n  FAA-G-2100 s h a l l  be  c o n s i d e r e d  t o  b e  a d e s i g n  
g o a l .  

* 
A s  amended by Amendment 1 and S p e c i f i c a t i o n  Change 1 d a t e d  20 May 1976. 
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Page Para. No. Reason f o r  Change 

6 3.5.1.4 Revised and 
Reworded 

Change 

Dele te  f i r s t  sentence and s u b s t i t u t e :  "The CPME s h a l l  not  r ep ly  
t o  DABS upl ink  t ransmiss ions  i n  which a  sync phase r e v e r s a l  is 
not  de tec ted  i n  t h e  assigned i n t e r v a l ,  a s  spec i f i ed  i n  paragraph 
2.4.5 of FAA-RD-74-62. " 

I n  second sentence change "95 percent"  t o  "90 percent" .  

7 3.5.1.8 Correc t ion  I n  t h i r d  l i n e  d e l e t e  " ( squ i t t e r ) " .  

8  Table Correc t ion  I n  t a b l e  capt ion  change "DABS" t o  "ATCRBS~DABS'~.  
3.5.2-1 

8 3.5.2.2 Added require-  Add, a f t e r  "as described i n  FAA-RD-74-62," Sec t ion  4.4.3.1, which 
ment is  summarized i n  Table 3.5.2-2. The commands shown i n  t h e  t a b l e  

a r e  b i t s  3 ,4,  and 5 of an upl ink  su rve i l l ance  o r  Comm-A in t e r ro -  
ga t ion .  "X" i n d i c a t e s  a  "don't  care" condi t ion .  Command 011 is  
unassigned. The I T  b i t  (B i t  3) is  1 i f  t h e  i n t e r r o g a t i o n  comes from 
a s tandard i n t e r r o g a t o r  and 0 i f  t h e  i n t e r roga t ion  comes from an 
a u x i l i a r y  i n t e r r o g a t o r .  The lockout  s t a t e s  a r e  given a s  1 = 
locked ou t ,  0  = not  locked ou t .  "standard" All-Calls  a r e  ATCRBS/DABS 
All-Calls .  Auxil iary All-Calls  a r e  DABS-only All-Calls  wi th  IT=O. 
DABS-only All-Calls wi th  I T = 1  cannot be locked ou t .  For example, 
i f  t h e  CPME is  locked out  t o  Auxil iary All-Calls  bu t  not t o  s tandard 
All-Calls  nor Auxil iary D i sc re t e  i n t e r roga t ions  ( lockout  s t a t e  010),  
and an i n t e r r o g a t i o n  with b i t s  3, 4 ,  and 5 equal  t o  1, 1, and 0 ,  
r e spec t ive ly  (command 110 i n  t h e  t a b l e ) ,  is rece ived ,  t h e  CPME 
becomes locked out  t o  a l l  subsequent Auxil iary D i sc re t e  and Auxil iary 
All-Call i n t e r r o g a t i o n s ,  but not t o  Standard All-Calls  (lockout 
s t a t e  011). 

Added requi re-  Add new Table 3.5.2-2 (and renumber e x i s t i n g  Table) a s  a t tached .  
ment 



Lockout 

TABLE 3.5.2-2 

DABS LOCKOUT STATE TRANSITION DIAGRAM 

State Prior AUX. Dlscrete 
To Interrogation 

STD. All-Call 

,.ockouc s t a t e  ill 
e f r c r l  ;,flcr i 1 1 1  erl-a>- 

AUX. 1)lscrc-tc. [:at irbn 

000 001 01 0 0 1 1  1.00 101 110 1 1 I 

OXX 
101 

110 . 111 

DL5, Blt 5 of Interrogation 
-DL4, Bit 4 of Interrogation 

IT, Bit 3 of Interrogation 
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Page Para. No. Reason for Change Change 

11 3.5.6.1 Change continued 3.5.6.1.3 Notes on CPME-to-Sensor Radio Link Calculations.- 
To determine the signal levels produced at a sensor RF port 
by a CPME, the following equations are used: 

P + G1 - L + G2 = Pi, where 
0 
Po is the power output from the CPME RF port 

G is the gain of the CPME antenna system 1 
L is the free space loss 

G is the gain of the sensor's antenna system 2 
P is the resulting power at the sensor's RF port. i 

3.5.6.1.3.1 CPME Antenna System Gain.- The CPME uses a 14 dB 
gain horn antenna (see 3.7.2) and has a loss of 6 dB in the cable 
which connects the antenna to the CPME RF port (see 3.7.3), which 
results in G = +8 dB. 1 

3.5.6.1.3.2 Free Space Loss.- 

L = 97 + 20 log (Range x Freq), where 
L is the free space (no atmospheric attenuation) loss in dB. 

Range is the distance from the CPME to the sensor in statute 
miles. 

Freq is the operating frequency in GHz. The CPME uses a 
frequency of approx. 1 GHz (see 3.5.6.3). 

3.5.6.1.3.3 Sensor Antenna System.- For purposes of calculation, 
a sensor with a +28 dB gain antenna, 5 dB elevation loss due to 
antenna beam shaping, and 2 dB cable loss has been assumed, giving 
G2 = +21 dB. 
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Page Para.  No. Reason f o r  Change Change 

12 3.5.7.2.2 No ELM; reworded Dele te  e n t i r e  paragraph and s u b s t i t u t e :  
f o r  c l a r i t y  

3.5.7.2.2 Extended Capab i l i t y  Code.- I n  response t o  a  c o r r e c t l y  
addressed i n t e r r o g a t i o n  w i th  RL=1 and MSRC=0001, t h e  CPME s h a l l  
t r ansmi t  a  Corn-B r e p l y  w i th  a n  MSRC code of 0001 i n  t h e  lead ing  
fou r  b i t  p o s i t i o n s  of t h e  MB f i e l d  and a  zero  i n  t h e  f i r s t  b i t  
p o s i t i o n  of t h e  extended c a p a b i l i t y  f i e l d  ( b i t  p o s i t i o n  37 of t h e  
Comm-B d a t a  f i e l d )  t o  i n d i c a t e  l a c k  of ELM c a p a b i l i t y .  

12 3.5.7.2.3 To make room 
3.5.7.2.4 f o r  added 

paragraphs 

Renumber a s  paragraphs 3.5.7.2.4 and 3.5.7.2.5. 

12  3.5.7.2.3 Added r equ i r e -  Add new paragraph a s  fol lows:  
ment f o r  s t a t u s  

3.5.7.2.3 CPME S ta tu s . -  I n  response t o  a  c o r r e c t l y  addressed 
i n d i c a t i o n  

i n t e r r o g a t i o n  wi th  RL=1 and MSRC=0001, t h e  CPME s h a l l  t r ansmi t  
a  Comm-B r e p l y  wi th  b i t s  38 through 46 def ined  a s  fo l lows:  

B i t  38: 
B i t  39: 

B i t  40: 
B i t  41: 
B i t  42: 
B i t  43: 
B i t  44: 
B i t  45: 
B i t  46: 

o s c i l l a t o r  ou t  of phase-lock. 
power f a i l  (two minute t imer which is ac t i va t ed  
a t  power-up) . 
i n s i d e  of encl.osure under-temperature. 
i n s i d e  of enc losure  over-temperature. 
miscel laneous f a u l t  cond i t i ons .  
ATCRBS lockout  s t a t e .  
ATCRBSIDABS All-Cal l  lockout  s t a t e .  
a u x i l i a r y  (DABS-only) All-Cal l  lockout  s t a t e .  
a u x i l i a r y  d i s c r e t e  address  i n t e r r o g a t i o n  
lockout  s t a t e .  

(Note: t h e  lockout  s t a t e s  repor ted  by s t a t u s  b i t s  43-46 a r e  
t h e  lockout  s t a t e s  i n  e f f e c t  a f t e r  t h e  Comm-B r e p l y  has  been 
completed).  The fou r  s t a t u s  b i t s  i n d i c a t i n g  t h e  s t a t e  of t h e  
lockout  l a t c h e s  s h a l l  a l l  be s e t  e i t h e r  t o  ze ros  o r  t o  r e f l e c t  
t h e  proper  lockout  s t a t e  ( 1  = locked o u t ,  0  = no t  locked ou t )  
under c o n t r o l  of a  swi tch  ( lockout  s t a t u s  swi tch) .  The f i v e  
" f a u l t  b i t s "  (38-42 above) s h a l l  be OR'ed t oge the r  and t h i s  b i t  
s h a l l  be t r ansmi t t ed  a s  t h e  FR b i t  ( b i t  19  of s u r v e i l l a n c e  o r  
Comm-B r e p l y ) .  This  FR b i t ,  and a l l  t h e  o t h e r  s t a t u s  b i t s ,  s h a l l  
be t r ansmi t t ed  e i t h e r  a s  a l l  z e ro s  o r  a s  t h e  CPME s t a t u s  d i c t a t e s  
under c o n t r o l  of a  swi tch  ( I n h i b i t  S t a t u s  Switch).  



Page Para. No. Reason for Change Change 

13 3.5.7.2.5 Add explanatory Delete old paragraph 3.5.7.2.5 and substitute new paragraph 
information renumbered 3.5.7.2.6. 

3.5.7.2.6 Alert and Flight Rule Bits.- Bit No. 6 (Alert) 
in downlink Surveillance and Corn-B transmission shall always 
be transmitted as a zero by the CPME. Bit No. 19 (Flight rule) 
in downlink surveillance and Corn-B transmissions shall be 
transmitted as defined in paragraph 3.5.7.2.3 (CPME status). 

13 3.6 No ELM In second line delete "and ELM". 

14 3.6.2 No E M  Delete entire paragraph. 

14 3.6.3 - Remember as 3.6.2. 

14 3.7.1.l(c) No Mode 2 Delete sub-paragraph. 

Renumber as (c), (d) and (e). 

15 3.7.1.1 (g) Consistency Delete and substitute (f): "Controls for varying the transmitter 
with two output output power (see 3.5.6.1) . " 
levels 

Renumber as (g), (h) and (i). 

15 3.7.1.l(k) No switch is Renumber as (j) and change to read: "Transmitter source, 
required (see 3.7.4) ." 

15 3.7.2 To reflect items In second line change 1+0.5 dB" to "+1.0 dB". Add at end of 
actually required paragraph: "A low-loss mylar radomeand suitable mounting 

hardware for the horn shall also be provided." 
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