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This report describes the engineering development 

of an electromagnetic reconnaissance system, designated "Reaper." 

The subject matter is organized in the following manner. First~ 

a system description and analysis presents the details of sys-

tem development. System components are then described. Design 

analyses in the areas of mechanical design, radio-frequency 

interference .. test, and reliability follow the component des-

criptions. Ground support test equipment is described in 

general terms. 

Previously published analyses are not included in 

this report. Reference is made to Technical Description Report 

for Setter IB System, Document No. 52000-R378, dated 10 Jan

uary 1967 for information relative to previously developed 

systems. 

Figure 1.1-1 illustrates system hardware. 

1.2 Summary 

Reaper is an advanced electromagnetic-emitter loca-

ting system designed to be operated from an earth-orbiting 

platform. The.equipment mates with an Agena vehicle and system 

interface is compatible with Payload Vehicle Digital Command 

Programmer, Type 20, as defined by LMSC Specification No. 

AAl1654-3. 
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Normal dwell time is such that emitters in general 

service are analyzed four times in the time required for the 

system field-of-view to pass over a target. The number of 

emitters and the duration of the emitter pulse repetition 

i1terval 

bel made. 
I 

determine whether a 2-, 3-, or 4-pulse analysis will 

Two major modes of operation are provided. The 

order-of-battle mode provides emitter direction-

finding and parameter measurements of frequency, pulse width, 

p Ise repetition interval and pulse amplitude. The technical-

i telligence mode provides specific comparisons of processed 

d stored data, enables a stop-scan condition, and sup-

plies a pre-detected output for analog recording. 

Frequency range of the system is from 1800 MHz to 

3300 :Ml:Iz. Frequency sampling is accomplished in increments of 

2.5 MHz. 

Two dwell modes are provided. In the normal dwell 

mode, four successive pulses with an interval of 5.28 ms or 

less are processed in a single dwell time. Normal dwell time is 

that at least two 1l1ooksll are completed in the time required 

the system field of view to pass over a target. 

An alternate dwell mode provides a dwell time twice 

t of the normal mode. The long dwell time enables analysis 

of special emitters which have long pulse repetition times. 
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The system operates at an altitude of 268 nautical 

miles and an orbit inclination of 75°. Vehicle orientation is 

such that the Y-axis of the field-of-view is in the direction 

of flight. Under normal flight conditions, the cross-track 

field-of-view is at least 160 nautical miles wide and the in-

track field-of-view is large enough to provide two scans of 

each target in normal target density environments. 

Orbital lifetime of the system is six months under 

normal programming conditions. Normal programming consists of 

90 hours of intermittent operation, maximum, per month with a 

30-minute, maximum, operating period per orbit. 

-n SECkET 
SPECIAL HANDLING 

Approved for Release: 2017/08/16 C05099935 

50X1 

50X1 



,~\ ~_.: ;~~.~~~~WfD 
. t< it. ,; .• "if·}it J 
\~V~A~t~\f- :~ 

I 

)0 
Approved for Release: 2017/08/16 C05099935 

",r.."'I'\.I;;. 
SPECIAL HANDLINe 

~.O SYSTEM DESCRIPTION 

I The Reaper system is an advanced electromagnetic 
I 

~mitter location system designed to be operated from an orbit-

~ng platform as part of the Strawman payload. The system is 
I 

~rincipally a precision direction-finding payload with the 
I 

hdded capability of precise measurement of the emitter pulse 
i 

arameters of frequency. pulse width) pulse repetition inter-

al. and pulse amplitude. The systemts normal Electronic Order 

f Battle (EOB) capability is further enhanced by a program

able technical intelligence (TI) capability. 

2.1 EOB Functions 

The system gathers parameter data on electromagnetic 

signals recieved over the RF range of 1800-3300 MHz. processes 

the data into digital form and transfers it to a core storage 

nit in the payload vehicle. The following paragraphs describe 

the exact frequency coverage) receiver sensitivity. ground 

coverage. signal processing and confirm-inhibit criteria. A 

lock diagram of the system is shown in Figure 2.1-1. 

2.1.1 Frequency Coverage 

2.1.1.1 Normal Scan 

The system local oscillator is sequentially stepped 

through the RF range in 2.5 MHz steps from the low frequency 

limit to the high frequency limit. Digital logic circuitry 

controls the stepping (scanning) and causes the receiver to 

dwell at each step for a certain period of time. During each 

?j 
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dwell period, the system accepts and processes those signals 

which meet the confirm-inhibit criteria described in para-

graph 2.1.4. The resulting RF coverage is shown in Figure 2.1-2. 

The dwell period at each frequency step is a func-

tion of the number of received signals. If no confirmed sig-

nals are received in the basic dwell period (search time) of 

6.14 milliseconds, the local oscillator is moved to the next 

higher step and a new dwell started. If a confirmed signal is 

received during the search time, the dwell is lengthened to 

22.5 milliseconds to allow additional pulses to be processed. 

fi = IMAGE FREQ. RECEIVED (MHz) 
f,= REAL FREQ. RECEIVED (MHz) 

fo LOCAL OSC. FREQ. (MHz) 

2440 

I 
2420 I 

3340 

f" LOW BAND "REALS" 

I 
3320 I 

fo' HIGH BAND LOCAL OSC. I Ii 10 - 20 MHz 

I, 10 + 20 MHz II 
33:1, 

II 
1"', ... If------- 361 STEPS ---------1 ..... 

2400 I 

I 
" I 
II I 
II I 
II 

Ii ,HIGH BAND "IMAGES" 

"I 18;..;.00. __________ 2_43_7._5 :..;1 .... 

17801 

1760 : J 
I I 

I I 1 
I 
II I 
II I 

I 

1800 

f, ' HIGH BAND "REALS" 

2417.5 I I i 
fa' LOW BAND LOCAL OSC. I 

'I I 
256 STEPS 

2397.5 'tl I 

fi ' LOW BAND "IMAGES" 
III 
II 
III 
III 
III 

2000 2200 2400 2600 2800 
FREQUENCY (MHz' 
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The variation in dwell time results in a variable 

sdan time to cover the RF range. Figure 2.1-2 shows the varia-

tion in scan time as a function of the number of steps yielding 

at least one confirmed pulse. An alternate dwell mode is avail-
I 
I 

a11e by command with a search time of 22.5 milliseconds extend-

e to 45 milliseconds with a confirmed pulse. The scan time 

resulting from the alternate dwell is also shown in Figure 2.1-3. 

2~1.1.2 Partial Scan 

An alternate frequency scan mode is available, by 

cpmmand, to allow covering only one or two segments of the RF 
I 

r nge and not scanning the remainder. The segment limits are 

s ored in a memory and can be reprogrammed on orbit. Any two 

s gments of the II real!! range shown in Figure 2.1-2 can be 

s~lected in the partial scan mode, within the restrictions 

g"ven in paragraph 2.3.1.1.5. 

2.1.2 Ground Coverage 

The system sorts signals by location and only ac-

Electronic Order of Battle (EOB) processing those 

from locations within a rectangular field-of-view centered 

a out the vehicle nadir. The field-of-view varies in size 

with signal frequency as illustrated in Figure 2.1-4. As 

i 
~hown in the illustration, the rectangular field-of-view is 

s!urrounded by an inhibit circle which prevents EOB processing 

~f signals received from large angles off the vehicle vertical 
i 

ajxiS. Either function can be selected by command. 
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FIGURE 2.1-3 SCAN TIME 

2.1.3 Sensitivity 

Figure 2.1-5 shows the typical minim-wn effective 

radiated power required for EOB processing as a function of 

distance from the nadir. This value can be adjusted downward 

(less sensitive) in two 5-db steps by command. 

2.1.4 

2.1.4.1 

Signal Processing 

Processing Sequence 

During a dwell period, if a signal (pulse or CW) 
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FIGURE 2.1-4 FIELD-OF-VIEW' pnUBI'T CIRCLB 

is detected above the processing threshold, analog measure-

ents of the signal amplitude, frequency, width, repetition 

rate and angle of arrival are initiated, and digital process-

ing begins. Encoding of the analog data proceeds while the 

confirm-inhibit decisions are made to establish that the sig-

al is one for which output data is desired. IAThen the analog 

easurements are completed, the associa ted circuitry is blanked. 

,--------'-LL.l...L.I.l."----L(\ccepting further signals until digital processing is com-
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If an inhibit decision is made, digital processing 

sops, the digital circuitry is reset, the analog circuitry un-

banked and the dwell continues. If the signal is not inhibited, 

t.e set of measured data is temporarily stored in a memory while 

o her signals are processed. 

If two, three, or four sets of data are taken from 

t!e same location during a dwell, the sets are grouped into a 

d gital word and transferred to the vehicle storage. If only 

o e set of data is taken on a signal, the data is discarded. 

CW signals are processed by automatically resetting 

w en the llpulse widthll is measured and found to be greater than 

2 microseconds. Pulse signals can be detected in the presence 

o CW by an automatic threshold adjustment which allows the 

p Ise to be processed if it is at least 15 db above the CW 

1 vel. 

2 1.4.2 Confirm-Inhibit Decisions 

The following functions are accomplished on each 

tected signal to eliminate undesired data and inaccurate 

asurements. Each of these functions can be separately dis-

led by command. 

a) Minimum Threshold Confirm - Establishes that 

b) 

the signal being processed is above the 

minimum amplitude level required for accurate 

parameter measurements. 

Frequency Confirm - Establishes that the sig

nal is within the center portion (20 + 1.5 MEz) 
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c) Real/Image Confirm - Establishes that t'1.e 

signal is a real or that it is an image. 

d) Minimum Pulse-Width Confirm - Establishes 

that the signal duration is equal to or 

greater than 0.4 microseconds. 

e) Pulse-Count Inhibit - Allows a target from 

a particular direction to be processed only 

four times (four pulses) during a dwell. 

f) Field-of-View Inhibit - Limits signal proces-

sing to those signals received from within 

the rectangular field of view. 

g) Amplitude-Ratio Inhibit - Inhibits processing 

of signals arriving at large angles off 

boresight. 

Technical Intelligence Functions 

The system can be commanded to operate in a recogni-

tion mode while operating in parallel with the normal EOB 

processing. The purpose of the recognition mode is to detect 

and identify signals having parameters within certain ranges 

and interrupt the frequency scan to enable predetection re-

cording of these signals on the vehicle DSU. In the recogni-

tion mode, basic operation is controlled by the EOB frequency 

scan. No change in normal EOB operation takes place until a 

signal is recognized. 
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2 2.1 Recognition Mode Signal Processing 

At each frequency step (dwell)J signals being 

p ocessed by the EOB circuitry are also processed by the re-

circuitry. The EOB confirm-inhibit decisions of 

p ,ragraph 2.1.4.2 are used to limit the amount of data avail-

a le for recognition. The amount of data is restricted further 

b an additional minimum amplitude threshold which is command-

a le to one of four positions always at or above the EOB mini-

m threshold. Data from signals which meet the confirm-

i hibit requirements are compared to parameter data stored in 

a P/L memory. The parameter data consists of eight sets with 

E 

m 

H 

S 

R 

set containing the information shown in Table 2.2-1. 

~ch set is separately enabled by command and the 

~mory contents can be reloaded in flight. 

TABLE 2.2-1 RECOGNIZER SET DATA 

LSB Limits 
. 

)rizon or FOV mode: - -

gnal Parameters: 

Frequency 5 MHz lJ800 MHz 

Pulse Width 

PRI 

2cord Mode: 

3J300 MHz 

250 nsec. 0.4 usec 

4 usec 

64 100 usec 

8 J 192 usec 
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Signal data is compared sequentially to parameters 

from each of the enabled stored sets. If a set is enabled in 

the horizon-to-horizon mode, only frequency (li real s " only) and 

pulse width are compared. In the field-of-view mode, pulse 

repetition interval is also compared. If a match is achieved 

between stored and measured data, the EOB scan operation is 

interrupted and the output mode specified in the matched setTs 

data is executed. Table 2.2-2 shows the six output modes 

which can be selected. 

TABLE 2.2-2 RECOGNIZER OUTPUT MODES 

MODE WJUT TIME* RECORD TIlvlE 

1 0 2 SEC 

2 0 4 SEC 

3 0 8 SEC 

4 60 SEC 4 SEC 

5 60 SEC 8 SEC 

6 60 SEC 300 SEC 

*If DSU not available. 

2.2.2 Predetected Signal Output 

A predetected signal output is available at the 

vehicle interface for analog recording. The predetected sig-

nal preserves the RF signal characteristics within the limita-

tions of the local oscillator and receiver bandwidth. The 

amplitude response is automatically adapted when a recognition 
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is achieved to fit the matched signal's amplitude into the 

vehicle recorder's useful dynamic range as shown in Figure 

50X1 

2.2-1. Two reference tones (46.875 kHz and 6.0 MHz) are added 

tb the predetected output. Each signal not generating an 

afplitude ratio inhibit is followed by a tag pulse as a coarse 

s~rting aid. Figure 2.2-2 illustrates the predetected band-

w dth, tones and tag pulse characteristics. 

FIGlTRE 2.2-1 PREDETECTOR AMPLITlJDE RESPONSE CURVES 
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Marker \lJord 

Digital marker words are output to the digital 

50X1 

channel of the vehicle analog recorder to aid in sorting and 

i entifying predetected signals. The marker words are genera

t d at the rate of 8 per second synchronized to the vehicle 

cock and are output during the recording time after a match, 

o if the vehicle recorder is actuated. The marker word con-

t ins the data described in paragraph 2.4.2. The "Amplitude 

T reshold" data specifies the predetected signal1s amplitude 

c aracteristics (refer to Figure 2.2-1), the IISet ID" identi

fOes the stored set matched, and the "Frequencyll corresponds 

t the local oscillator frequency. 

2 3 Operation 

This section describes the system 1 s operation in 

v rious commandable modes. The operational modes are summari-

z d in Table 2.3-1. Table 2.3-4 contains a complete list of 

c ITunands and associated IIRII numbers. Tables 2.3-2 and 2.3-3 

c ntain a brief summary of command restrictions. Each cOITunand 

f nction is described in detail below. 

2 3.1 EOB Readin 

The Reaper system's normal data processing mode 

i described as "EOB Readin.1I Operation is controlled and may 

b modified by command as described in the following paragraphs. 

(l~t:(' '~~"1 ;'\' 
"~'~;-;'-.!i.:'J;t-"::.~ __ :. 
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TABLE 2.3-1 OPERATIONAL MODES* 

MODE OPERATION 
1. Normal (EOB) Data Processing 

lIEOB READIN" 

2. Normal (EOB/TI) Data Processing 

"EOB/TI READIN" 

3. Recognizer Memory Load 

h. Partial Scan Memory Load 

5. Memory Readout 

*All operate mode commands, R13, Rh9, R61, R51, 

must be mutually exclusive. 

TABLE 2.3-2 COMMAND RESTRICTION SUMMARY 

Function 

Partial Scan lIA II On/Off 

Partial Scan "B" On/Off 

Disable Upper Frequency Band 

Disable Lower Frequency Band 

Enable Upper & Lower Frequency Band 

Disable Memories (SWI & Buffer) 

Reset for Commands R18-R25 

IF Memories Have Been Disabled 
--

Recognizer Enable/Disable 

SECRET 
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(R59/R60 ) 
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TABLE 2.3-3 

Function 

COMMAl\TDS WITH NO RESTRICTIONS 

Commands 

Increase/Decrease Dwell Time (Rl/R2) 

(R19) 

(R20) 

(R21) 

(R22) 

(R23) 

(R24 ) 

(R25) 

(R27/R28) 

(R58) 

(R30/R29) 

Disable FOV 

Disable Tmin Confirm 

Disable Tmax Inhibit 

Disable A/R Inhibit 

Disable Real/Image Confirm 

Disable Minimum PW Confirm 

Disable Frequency Confirm 

Enable/Disable CW-SI Ckt. 

'Time Reset 

Enable/Disable Recognizer Buffer 

2 3.1.1 EOB Readin Command Functions and Restrictions 

2 3.1.1.1 Payload On (Rll) 

Function This co~mand actuates the system pri-

mary power supply to supply power supply to 

supply power to all circuits not supplied from 

the au..xiliary power supply. Recognizer Enable 

(R9) must be issued to supply power to recog-

nition circuits. 

Restrictions - All operate modes (Readin, Recogni-

zer input, Partial Scan Input, and Recognizer 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Partial Scan Readout) shall be disabled before I 
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COMMAND 

RI 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
RIO 
RII 
Rl2 
Rl3 
Rl4 
Rl5 
Rl6 
Rl7 

Rl8 
Rl9 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 

TABLE 2.3-4. SYSTEM COMMANDS 

FUNCTION 

Increase Dwell Time 
Decrease Dwell Time 
Partial Frequency Scan A On 
Partial Frequency Scan A Off 
Threshold Control A 
Threshold Control A 
Threshold Control B 
Threshold Control B 
RecQgnizer Enable 
Recognizer Disable 
Payload On 
Payload Off 
Readin On 
Readin Off 
Disable Upper Frequency Band 
Disable Lower Frequency Band 
Enable Upper & Lower Frequency 
Band 
Disable Memories 
Disable FOV Inhibit 
Disable Tmin Confirm 
Disable Tmax Inhibit 
Disable A/R Inhibit 
Disable Real/Image Confirm 
Disable P.W. Confirm 
Disable Frequency Confirm 
Reset Rl8 through R25 
Disable C.W. - S.I. 
Enable C.W. - S.I. 

COMMAND 

R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 
R41 
R42 
R43 
R44 
R45 
R46 
R47 
R48 
R49 

R50 

R51 

R52 

R53 

FUNCTION 

Disable Recognizer Buffer 
Enable Recognizer Buffer 
Enable RF Calibrator 
Disable RF Calibrator 
Enable Set A 
Disable Set A 
Enable Set B 
Disable Set B 
Enable Set C 
Disable Set C 
Enable Set D 
Disable Set D 
Enable Set E 
Disable Set E 
Enable Set F 
Disable Set F 
Enable Set G 
Disable Set G 
Enable Set H 
Disable Set H 
Enable Recognizer Input 
Mode 
Disable Recognizer/Partial 
Scan Input Mode 
Enable Recognizer/Partial 
Scan Readout 
Disable Recognizer/Partial 
Scan Readout 
Recognizer Threshold Bit A 
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R54 
R55 
R56 
R57 
R58 
R59 
R60 
R6l 
R62 
R63 

Recognizer Threshold Bit B 
Spare 
'Spare 
Spare 
Time Reset 
Partial Scan B On 
Partial Scan B Off 
Enable Partial Scan Input Mode 
Recognizer Threshold Bit A 
Recognizer Threshold Bit B 
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issuing Rll. After issuing Rll, a minimum 

delay of one second shall be provided before 

enabling the payload in any operate mode. 

Payload Off (R12) 

Function - P/L OFF Command deactuates the primary 

power supply. 

Restrictions - All operate modes shall have been 

OFF for a minimum of 500 milliseconds before 

issuing Payload-OFF Command. 

Increase Dwell Time (Rl) 

Function - Increase Dwell time causes the system 

to dwell for 22.5 milliseconds in frequency 

steps with no signal present and to dwell for 

45 milliseconds in frequency steps with con-

firmed signals. This will increase the time 

required to scan the band. See Figure 2.1-3. 

Restrictions - None. 

Decrease Dwell Time (R2) 

Function - Decrease Dwell Time causes the system 

to dwell for 6.14 milliseconds in frequency 

steps with no signal and for 22.5 milliseconds 

in frequency steps with confirmed signals. 

Restrictions - None. 

Partial Scan A ON (R3) 

Function - This command modifies EOB Readin opera-
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tion to provide a scan of part of the RF range 

based on limits stored in the partial scan 

memory for Partial Scan A. 

Restrictions - Partial Scan A On shall not be 

issued while in the Readin Mode. Some caution 

is required to achieve correct operation with 

R3 issued if the upper or lower limit of Par-

tial Scan A is near 2,440 MHz. For instance, 

if the upper limit of Partial Scan A is 

2,435 1vlliz, only the lower RF range (See Fig

ure 2.1-2, Il reals 11 only) need be enabled. But, 

if the upper limit is 2,440 MHz, the upper RF 

range must also be enabled because that is the 

firs~ (lowest) step in the upper range. Simi-

larly, if the lower limit of Partial Scan A is 

2,435 MHz, both the upper and lower RF ranges 

must be enabled. Refer to paragraph 2.4.3 for 

restrictions on the Partial Scan memory con-

tents. 

Partial Scan A OFF (R4) 

Function - R4 resets R3 command. 

Restrictions - R4 should not be issued while in 

the Readin Mode. Loss of Partial Scan memory 

contents or Data Handler lock up may result. 
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2.3.1.1.9 

Partial Scan B ON (R59) 

Function - This command provides a scan of Partial 

Band B based on limits stored in the partial 

scan memory. 

Restrictions - Same as specified in paragraph 

2.3.1.1.5. 

Partial Scan B OFF (R60) 

Function - R60 resets R59 command. 

Restrictions - Same as for R4. 

Threshold Controls (R5, 6, 7, and 8) 

Function - These commands control the system thres-

hold by switching in attenuators after the IF 

preamplifier. The following table specifies 

the system sensitivity (at the antennas, 23° 

off boresight) for a given command combination. 

Sensitivity Commands 

A 
(R5) 

-93 dbm 

-88 dbm 

-83 dbm 

-)(- 0 - not is sued 
1 - issued 

0 

0 

1 

All other combinations invalid. 
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1 
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Restrictions - The corflbination of R5 and R7 simul-

taneously or in sequence without R6 or R8 

intervening will cause a loss of data. 

2 3.1.1.10 Readin ON (R13) 

Function - R13 enables the payload in the EOB 

Readin Mode. EOB Readin Mode operation will 

be as modified by additional commands such as 

Dwell Increase/Decrease, Partial Frequency 

Scans, Threshold Controls, Recognizer Enable, 

etc. 

Restrictions - R13 shall not be commanded simul-

taneously with the memory load or readout 

modes. A minimum delay of 100 milliseconds is 

required between R13 and any other operate 

command. 

2 3.1.1.11 Readin OFF (R14) 

Function - R14 stops Readin Mode operation. 

Restrictions - R14 shall occur a minimum of 500 

milliseconds before R12 (P/L OFF). If the 

Recognizer is ON, then R14 shall be issued be

fore Recognizer Disable (R10), and then R10 

shall be issued before P/L OFF (R12). 

2.3.1.1.12 Disable Upper Frequency Band (R15) 

Function - R15 disables the high band and allowS 

processing of the low band (1800 MHz to 
50X1 
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Restrictions - R15 shall not be issued while in 

the Readin Mode. 

2.3.1.1.13 Disable Lower Frequency Band (R16) 

Function - R16 disables the lower frequency band 

and allows processing of the high band (2440 

MHz to 3300 MHz) only. 

Restrictions - R16 shall not be issued while in 

the Readin Mode. 

2.3.1.1.14 Enable Upper & Lower Frequency Band (R17) 

Function - R17 enabl e s the full frequency range 

to be scanned normally. 

Restrictions - R17 shall not be issued while in 

the Readin Mode. 

2.3.1.1.15 Disable Memories (R1S) 

Function - The Disable Memories command disables 

the SWI Memory and the Buffer Storage Memory 

circuits in case of a memory failure. EOB 

Readin operation will continue with single-

pulse confirm criteria. 

Restrictions - Data will be lost if R18 is issued 

during Readin operation. 

2.3.1.1.16 Disable FOV (R19) 

Function - The Disable FOV command causes the 

system to ignore the rectangular field-of-view 
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inhibit-confirm and allows processing of sig-

nals out to the A/H inhibit circle during EOB 

Headin Operation. 

Hestrictions - None. 

3.1.1.17 Disable Tmin (H20) 

Function - The Disable Tmin Command allows the 

system to process signals below the minimum 

sensitivity level during EOB Headin operation. 

Information from these low level signals will 

be degraded. 

Hestrictions - None. 

3.1.1.18 Disable Tmax (H21) 

Function - The Disable Tmax Command allows the 

system to process signals above the receiver 

dynamic range. Data from these high level 

signals will be degraded. 

Hestrictions - None. 

.3.1.1.19 Disable A/H Inhibit (H22) 

.3.1.1.20 

Function - The Disable A/H Inhibit Command allows 

the system to accept information that is out-

side the amplitude ratio circle. See Figure 

2.1-4. Location information may be degraded. 

Hestrictions - None. 

Disable Heal/Image Confirm (H23) 

Function - The Disable Heal/Image Confirm Command 
50X1 
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causes the system to disregard the Real/Image 

Confirm circuits. Signal frequency and loca-

tion data is degraded. 

Restrictions - None. 

2.3.1.1.21 Disable Min. PW Confirm (R24) 

Function - This command allows the system to pro-

cess pulses of less than the minimum pulse 

width (0.4 usec). Data from these narrow 

pulses will be degraded. 

Restrictions - None 

2.3.1.1.22 Disable Frequency Confirm (R25) 

Function - The Disable Frequency Confirm causes 

the system to disregard the Frequency Confirm 

criteria and allows processing of signals out-

side the 3 :MHz confirm band. Data from these 

signals will be degraded. 

Restrictions - None. 

2.3.1.1.23 Reset Commands R18 through R25 (R26) 

Function - This command resets commands R18 to R25. 

Restrictions - R26 shall not be used to reset R18 

(Disable Memories) if the system is in the 

Readin Mode. 

2.3.1.1.24 Disable C1:J - SI Circuits (R27) 

Function - This command causes the CW - SI Circuits 

to be disabled. 
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Restrictions - None. 
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2 3.1.1.25 Enable C1tJ - S1 Circuits (R28) 

Function - This command enables the C~I[ - S1 cir-

cuits. 

Restrictions - None. 

2 3.1.1.26 Enable RF Calibrator (R31) 

Function - This command causes internally genera-

ted RF signals to be inserted into the re-

ceiver on a periodic basis during EOB Readin 

operation for monitoring payload performance. 

Restrictions - None. 

2 3.1.1.27 Disable RF Calibrate Circuitry (R32) 

Function - R32 disables the RF calibrate circuitry. 

Restrictions - None. 

2 3.1.1.28 Time Reset (R58) 

Function - The time reset command resets the time 

counter. 

Restrictions - None. 

2 3.1.2 Operational Sequences 

The following sequences describe the cO~iland se-

ences required for controlling the system in the EOB Readin 

des. They do not include timing and commands for the CSU or 

D U. All sequences are referred to an arbitrary time, lIt.lI 

R fer to paragraph 2.3.2 for proper sequences with the recog-

n' zer enabled. 
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The following commands should be programmed to 

precede the first Readin period to set the system for normal 

operation. 

2.3.1.2.2 

Payload Off (R12) 

Recognizer Disable (RIO) 

Readin Off (R14) 

Partial Scan A Off (R4) 

Partial Scan B Off (R60) 

Disable Recognizer/Partial Scan Input Mode (R50) 

Disable Recognizer/Partial Scan Readout (R52) 

Enable Upper & Lower Frequency Bands (R17) 

Reset R1S through R25 (R26) 

Enable CW - SI (R2S) 

Enable Recognizer Buffer (R30) 

Enable RF Calibrator (R31) 

Turn-On Sequence 

t 0 Payload On (Rll) 

t 1.0 sec Mode Selection (to be issued as a 

function of operational requirements and pay-

load performance): 

Normal Increase/Decrease Dwell 'Time (IU/R2 ) 
Commands 

Threshold Control A or A (R5/R6 ) 

Threst.old Control B or B (R7/RS) 

Partial Frequency Scan A On/Off (R3/R4 ) 

; \ '\ 
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I 
Recognizer Disable (RIO) I 

Alternate Disable/Enable Upper Freq. Band (R15/R17) 

Disable/Enable Lower Freq. Band (R16/R17) I 

2.3.1.2.3 

2.3.2 

t = 1.1 sec Readin On (R13) 

(System processes data until Readin Off issued) 

Turn-Off Sequence 

t = 0 sec Readin Off (R14) 

t = 0.1 sec Partial Frequency Scan A Off (R14) 

Partial Frequency Scan B Off (R60) 

Recognizer Disable (RIO) 

t = 0.5 sec Payload Off (R12) 

EOB/TI Readin 

The EOB/TI Mode allows the system Recognizer to 

s~op the LO scan and initiate predetection recording of incom-

i g signals if a match of an incoming signal's parameters 

a ainst a set of stored parameters is made. System operation 

i the EOB/TI mode is as described previously in paragraph 2.2 

w"th the following commands used to control the Recognizer. 

2.3.2.1 

2.3.2.1.1 

TI Command Functions and Restrictions 

Recognizer Enable (R9) 

Function - The Recognizer Enable allows the 

Recognizer to start comparison of incoming 

signals against stored sets of parameters. 

This signal actually supplies power to the 

Recognizer circuits. (Predetection circuit 
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Restrictions - The Recognizer Enable Command shall 

be delayed from the Payload On Command (Rll) 

by a minimum of 1 second and must precede 

Readin On (R13)~ Enable Recognizer/Partial 

Scan Readout Command (R51) ancl Enable Recog

nizer Input Mode Command (R49) by a minimum of 

100 milliseconds. 

Recognizer Disable (RIO) 

Function - The Recognizer Disable command disables 

the Recognizer by removing power from the 

Recognizer circuits. 

Restrictions - Recognizer Disable (RIO) shall be 

issued a minimum of 100 milliseconds before 

a Payload Off (R12). Also, in order to allow 

proper logic control of the memories it shall 

not be issued during any operate mode or for 

100 milliseconds after the termination of an 

operate mode by Readin Off Command (R14), 

Disable Recognizer/Partial Scan Input Mode 

Command (R50), or Disable Recognizer/Partial 

Scan Readout (R52). 

Disable Recognizer Buffer (R29) 

Function - The Di.sable Recognizer Buffer (R29) 

blocks signal flow through the buffer ampli-
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fiers between the Recognizer and the system 

Data Handler. This command is a failure mode 

command to be used in case of Recognizer 

failure to prevent degraded performance of 

the EOB circuits. 

Restrictions - None. 

Enable Recognizer Buffer (R30) 

Function - R30 enables the Recognizer buffer ampli-

fiers and allows normal Recognizer operation. 

Restrictions - None. 

Set Enables - Disables (R33 through R48) 

Function - The eight sets, A through H, of the 

Recognizer are separately enabled and disabled 

through these commands. This allows individual 

sets to be enabled at specific times (location) 

during a flight. 

Restrictions - No more than four (4) sets shall be 

enabled if the frequency limits stored in the 

sets match at anyone frequency step. Other-

wise, all sets can be enabled simultaneously. 

Recognizer Threshold (R58, R59, R62, R63) 

Function - The Recognizer minimum amplitude thres-

hold level can be changed by these com~ands. 

These levels are relative to the EOB threshold. 

Table 2.3.2-1 specifies the minimusI1 level des-

cribed by the commands. 
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MINIMUM ACCEPTABLE LEVEL COMMANDS * 

A B E B 
(R62) (R53 ) (R63 ) (R54 ) 

Tmin 1 0 1 0 

Tmin + 5 db 1 0 0 1 

Tmin + 10 db 0 1 1 0 

Tmin + 15 db 0 1 0 1 

*All other command states are invalid. 

2.3.2.2 Operational Sequences 

To operate the system with the Recognizer enabled 

(EOB/TI Readin) the following sequences apply. 

2.3.2.2.1 

n 

Turn-On Sequence 

t 

t 

o Payload On (Rll) 

1.0 Sec Mode Selection (To be issued as a 

function of operational requirements and 

system performance): 

Recognizer Enable (R9) 

Increase/Decrease Dwell Time (Rl/R2) 

Set EOB Threshold. Refer to para-

graph 1.3.1.1.9. Partial Freq. Scan 

A On/Off (R3/R4) 

Partial Freq. Scan BOn/Off (R59/R60) 

SEC R ET 
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Set Recognizer Threshold. Refer to 

paragraph 2.3.2.1.6. 

50X1 

Disable/Enable Upper Freq. Band (R15/Rl'() 

Disable/Enable Lower Freq. Band (R16/Rl'() 

t = 1.1 Sec Readin On (R13) 

(The system will process data in the 

EOB/TI Readin Mode until R15 is issued. 

Turn-Off Sequence 

t 0 Readin Off (R14) 

t 0.1 Sec Recognizer Disable (RIO) 

Partial Freq. Scan A Off (R4) 

Partial Freq. Scan B Off (R60) 

t = 0.5 Sec Payload Off (R12) 

Memory Load 

The system has two memories that can be loaded 

w th information from the vehicle Command Programmer Binary 

D"gital Module. The following commands and command sequences 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

a ply. I 
2.3.3.1 

2.3.3.1.1 

Memory Load Commands 

Enable Recognizer Input Mode (R49) 

Function - This command sets the system to receive 

the data from the Binary Digital Module for 

loading the Recognizer memory. 

Restrictions - The Recognizer shall be enabled (R9) 

at least 100 milliseconds before entering this 
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mode. This mode shall not occur simultaneously 

with any other operational mode. Command R49 

shall be separated by a minimum time of 100 

milliseconds from any other operational command. 

Enable Partial Scan Input Mode (R61) 

Function This command sets the system to receive 

data from the Binary Digital Module for loading 

the Partial Scan Memory. 

Restrictions - This mode shall not occur simultane-

ously with any other operate mode. Command R61 

shall be separated by a minimum time of 100 

milliseconds from any other operate mode command. 

Disable Recognizer/Partial Scan Input Mode (R50) 

Function - This command resets the Recognizer Input 

Mode (R49) and the Partial Scan Input Mode 

(R61) . 

Restrictions - This command shall occur a minimum 

of 100 milliseconds before any of the follow

ing commands: Recognizer Disable (RIO), Read

in On (R13), Enable Recognizer/Partial Scan 

Readout (R51). 

Operation Sequence for Memory Loads 

Partial Scan Memory Load 

t = 0 Payload On (Rll) 

t = 1 Sec Enable Partial Scan Input Mode (R61) 
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Load Memory with 36 bits. See paragraph 2.4.3 

for word format. 

t = x + 0 Sec Disable Recognizer/Partial Scan In-

put Mode (R350) 

t = x + 0.1 Sec Execute commands to turn off or 

go to another operate mode. 

Recognizer Memory Load 

t = 0 Payload On (Rll) 

t = 1 Sec Recognizer Enable (R9) 

t = 1.1 Sec Enable Recognizer Input Mode ( R4 9) 

Load Memory with 448 bits. See paragraph 2.4.3 

for word format. 

t x + 0 Sec Disable Recognizer/Partial Scan In-

put Mode (R50) 

t = x + 0.1 Sec Execute commands to turn off or 

to enable another operate mode. 

Memory Readout 

The Recognizer and Partial Scan memories are read-

together using the following sequences. 

.3.4.1 

.3.4.1.1 

Memory Readout COITL.'11ands 

Enable Recognizer/Partial Scan Readout (R51 ) 

Function - This command enables the system to 

first readout the Recognizer and then the 

Partial Scan Memories when the proper word 

gate and clock signals are received from the 
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SGLS. The readout is nondestructive. 

Restrictions - The Recognizer shall be enabled at 

least 100 ms before this command. A minimum 

of 100 ms time separation between R51 and any 

other operate mode is required. 

Disable Recognizer/Partial Scan Readout 

Function - This command disables the Recognizer/ 

Partial Scan Readout Mode. 

Restrictions - This command shall precede Recognizer 

Disable (RIO) by a minimum of 100 milliseconds. 

Operational Sequence 

t 0 Payload On (Rll)* 

t 1.0 Sec Recognizer Enable (R9) 

t = 1.1 Sec Enable Recognizer/Partial Scan Readout 

(R51) 

(Readout Data to SGLS. Refer to paragraph 4.3 for 

word format) 

t x + 0 Sec Disable Recognizer/Partial Scan Read-

out (R5 2 ) 

t x + 0.1 Sec Recognizer Disable (RIO) 

t = x + O. ~~ Sec Payload Off (R12) 

*Ordinarily the Readout Mode would follow a Readin 

Mode and power would still be on and the Recog

nizer enabled. Then R51 would be programmed a 

minimum of 100 milliseconds after R50 (Disable 

Recognizer/Partial Scan Input Mode). 
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Digital Data Word Formats 

The digital data output from the system consists 

of 182-bit words (192-bits from the CSU). A 48-bit digital 

rna ker word is sent to the DSU. The Recognizer readin word is 

a 48-bit digital word. The partial scan readin word is a 36-

bi digital word. The Recognizer/Partial Scan readout word is 

a 84-bit word which has the codes inverted from those which 

we e read in (i.e. A 11011 input = A T1 1 It output). 

2. .1 EOB Digital Data 

The encoded parameters within the 182-bit words 

ar anged according to the two basic structures shown in Tables 

2. -1 and 2.4-2. Thestart,stop, and time-attitude words 

are 

(S TA) make up the status type words. The intercept data words 

rna e up the other type of 182-bit words. Unless otherwise noted, 

least significant digit of each code is on the right when 

bits of the code are numbered from left to right. Details 

of the digital codes used in each type of word are contained 

in The Ground Data H~ndling Requirement Report for the Reaper 

Pa load, LTVE Document No. 4124-11184. 

2. .1.1 start, Stop and Time-Attitude (SSTA) Words 

SSTA words contain status information about the 

sy tern and vehicle. A Start word is generated when R13 (Readin 

On is issued and a stop word is generated when R14 (Readin Off) 
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TABLE 2.4-1. INTERCEPT WORD FORMAT 

1 Word (MSB) 
2 ID 

3 tLSBj 4 LSB 
5 
6 
7 
8 
9 

10 Time 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 (MSB) 
21 CW-SI Operation 
22 
23 oRC 

2It 

4q 
50 Amp. #1 
51 
52 
53 
54 0 RC 

55 
56 
57 0 AR 

58 
59 
60 0 RD 

61 
02 
63 0 BR 
611 

"bi)Par:Lt:y 

( MSB) 

(LSB) 

DIF #1 
(3 LSB) 

66 TMSB) 
67 
68 
69 
70 
71 
72 PRI 1-2 

92 
93 0 RC 

94 
95 
96 0 AR 

97 
90 
99 0 RD 

100 
Till 
102 0 BR 

103 
l04rarl ty 
105 
106 
lU( 
108 
109 
110 
111 PRI 2-3 
112 
113 
114 
115 
116 

Dip #2 
(3 LSB) 

(MsB) 

25 15 AR ~ DIF #1 

27 0110 ;;:ro- (2 MSB) 
11~ (LSB) 
11 Real/Image #3 

73 
74 
75 

29 0 BR 

W-High-tow Band 
31 (MSBj 
32 
33 
3L; 
35 LO Frequency 
36 
37 
38 
39 (L~ 
LiO ReallImage #1 

I+4IT IF Freq. #1 
') 

~J--------------T(MM<S~B~)
illl 

76 
77 
78 (LSB) 
79 ReallImage #2 
80 81 IF Freq. #2 
82 83 ~MSBl 
8i ; PW #2 
85 
86 
~~ fLSB~ 
89 AMP. #2 MSB 
90' ' 

91 (LSB ) 

119 IF Freq. #3 
120 
121 
122 
123 PW #3 
124 
125 
126 
127 
128 
129 AMP. #3 
130 
131 
132 0 RC 

134 13 
135 0 AR 

136 

L
f

i3 137 I ( LSB ) 138 0 RD 1)9 

45 
LI6 PW #1 

rMSB)-

(LSB) 
[MErtl) 

(LSB) 

D/F #3 

(3 LSB) 

lL;O 
141 0 BR 

142 
143 Parity (Nl~ 
144 
lLi5 
146 
147 
148 
1119 
150 PRI 3-LI 
151 
152 
153 
154 
155 
156 
15'( ReallImage1fI+ 
158 159 IF Freq. #I; 

(LSB) 

(MSB) 160 
161 
162 
163 PW #i; 

16
1

1 f LSB i 165 MSB 
166 "4 
167 AMP. ft 

168 (LSB) 169 
170 
171 0 RC 

172 
173 
174 OAR D/F #4 
17t (3 LSB) I-Jj Ul 
17 ~ ~ ITT ORD 0 
178 ro 0 

o 179 +:- I 
180 0 BR I--' ~ 
181 Ul 
182 Parity g 

» 
"0 
"0 a 
< 
CD 
c. 
0' ..., 

t::U 
.,~ 

CD 
(00 

CJl 

:::a~ ..,1\) 
a ........ 
~ a 
00 -...... 
(J) 

() 
a 
0'1 
a 
CD 
CD 
CD 
CJ.) 
0'1 

01 
o 
>< -->. 
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» 
"0 
"0 ..., 
0 
< 
CD 
C. -0 ..., 
::u 
~ 
CD 
00 
CJl 
CD 

I\) 
a 
-J --a 
00 --...... 
(J) 

() 
a 
0'1 
a 
CD 
CD 
CD 
CJ.) 
0'1 

I·· , ~",','" -r'\i,'. ",.t" ",'! 
I,,' '", __ . 
1. J 1'1 

"~,' ;'~j 
~::":- "1"irl 
,':-,'" ,,_'1 

I~":""-j 
"",;:- ~' 

" 

TABLE 2.4-2. STATUS WORD FORM~T 

'<;:'~~I 
>d ,~',\ 
~~ 

(~3 
Q 
'Z 
... ·f 
;;':1 
0 
IC' 

Jlr; 
'~ C' 
" 

G) ~: 

ui :;: 

1 W01d (MaE) 117 Roll 93 Pitch 139 L,ero 
2 ID 48 1 94 ~ 140 I 
3 LSB 49 95 Pitch LSB l}n 
4 Time f LSB ~ 50 Roll (LSB) 96 Roll t MSB ~ 142 
5 51 Sun Bit 97 T43 Parity 
6 52 Zero 98 144 Partial Scan "An On 
7 53 99 145 Threshold Control #1 
8 54 100 146 Threshold Control #2 
9 55 101 147 Recognizer Enabled 

10 56 102 Roll (LSB) 11.18 Upper Freq. Band Enabled 
11 57 103 Sun Bit 149 Lower Freq. Band Enabled 
12 58 104 Parity 150 RF Cal. Enabled 
13 59 105 Word (MSB) 151 Tmin. Confjrm Enabled 
14 60 106 ID 152 Tmax. Inhibit Enabled 
15 61 107 (LSBj 153 AIR Inhibit Enabled 
16 62 108 Time ( LSB 154 R/I Confirm Enabled 
17 63 109 155 PW Confirm Enabled 
18 64 Zero 110 156 Freq. Confirm Enabled 
19 65 Parity III 157 Spare TIM 
20 66 Zero 112 158 Recog. Buffer Disabled 
21 67 113 159 Set "A" Disabled 
22 68 114 160 Set "B" Disabled 
23 69 115 161 Set "c" Disabled 
24 70 116 162 Set liD" Disabled 
25 rn 117 163 Set "E" Disabled 
26 Time (MSB) 72 118 164 Set "F" Disabled 
27 CW-SI Cmd. Enable 73 119 165 Set "G" Disabled 
28 Recog. Bit 74 120 166 Set "H" Disabled 
29 Memories Disabled 75 121 167 Recog. Input Mode Enabled 
30 FOV Inhibit Enabled 76 122 168 Recog./p.S. Readout Enabled 
31 Zero 77 123 169 Recog. Threshold Bi t A 
32 J 78 Zero 124 170 Recog. Threshold Bit B 
33 79 CII1-SI Cmd. Enable 125 171 Partial Scan Readin Disabled 
34 Zero 80 Recog. Bit 126 172 Spare TIM 
35 Re3din On 81 Memories Disabled 127 173 Time Reset Enabled 
36 Dwell Time Min. 82 FOV Inhibit Enabled 128 174 Partial Scan B On 
3'( Pitch ( MSB) 83 Zero 129 
3e ~34 1 130 Time ( MSB ) 

39 e5 131 Z1ro LIO % Zero 132 178 
41 87 Readin On 133 179 
1.;:' ~38 Dwell Time Min. 134 180 
1.13 Pitch (LSB~ t,)g Pitch (MSB) 135 131 Spare TIM 
)Pr FoIl (l.1SB, go t 136 182 Pari ty 
45 I 91 137 
!Ie "011 :);, PItch 13 f3 7ero 

\'r; 1.}1 
;." ,-~ 
~ '1t 

'-------01-'-------------

O~ 
Z ,l:if 
1- ~ 
~-_A 

- - -
o 
>< -->. 

- - - - - - - - - - - - - - -
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is issued. Time-attitude words are automatically generated at 

16-second intervals while the system is in the EOB Readin Mode. 

Each of these words contain time, vehicle pitch and roll data, 

and payload command status information. 

2.4.1.2 Intercept Data Words 

One intercept data word is generated for each 

signal processed by the system. Each intercept data word con-

tains the set of measurements from 2, 3, or 4 pulses from the 

signal. 

2.4.2 TI Marker Words 

Marker words will be recorded on the digital 

track of the DSU if the recorder is actuated. The words will 

be recorded at a rate of eight per second. The marker word 

will contain information on DSU status, amplitude threshold, 

frequency, set ID, and time. The encoded parameters within the 

marker word are arranged as shown in Table 2.4-3. 

2.4.3 Memory Load and Readout Formats 

The following word formats have been established 

for the data to be read into and out of the recognizer and partial 

scan memories. In all cases the MSB of each parameter corresponds 

to the lowest numbered bit. The words are to be read in or read 

out with bit number one first. Detail code information is con-

tained in the Ground Data Handling Requirements Report for the 

Reaper Payload, L'l"VE Document No, 4124-11184. 

summarized in Table 2.4-4. 
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B T NO. 
1 

2 

3 

4 
r:-
:J 

6 

7 
8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

-

~ -. '_ I.' 
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TABLE 2.Lr-3 MARKER WORD FORMAT 

CONTENTS BIT NO. 
Spare 24 

DSU 25 

Status 26 

27 
28 

Amplitude 29 
Threshold 30 
DSU 31 

Status 32 
stop Scan 33 

(LSB) 34 
Set ID 35 

(MSB) 36 

37 
38 

39 

40 

Frequency 41 

42 

43 

44 

lJ.' ~, 

'J 

46 

47 

48 
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CONTENTS 
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Time 

(MSB) 
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Set A 

1-9 

10-li+ 

15-23 

24-25 

26-28 

29-32 

33-36 

37 

38-40 

41-42 

43-49 

50-56 

Set B Set C 

57-65 113-121 

66-70 122-126 

71-79 127-135 

80-81 136-137 

82-84 138-140 

85-88 141-142 

89-92 143-1i+8 

93 149 

94-96 150-152 

97-98 153-19+ 

99-105 155-161 

106-112 162-168 

TABLE 2.4-4. RECOGNIZER WORD FOR~ffiT 

BIT NUMBER (S ) 
Set D Set E Set F Set G Set H 

169-177 225-233 281-289 337-345 393-401 

178-182 234-~38 290-294 346-350 402-406 

183-191 239-247 295-303 351-359 407-415 

192-193 248-249 30i+-305 360-361 416-417 

194-196 250-252 306-308 362-364 418-420 

197-198 253-254 309-310 365-366 421-L+22 

199-204 255-260 311-316 367-372 423-428 

205 261 317 373 i+29 

206-208 262-264 318-320 374-376 430-432 

209-210 265-266 321-322 377-378 i+ 33-4 34 

211-217 267-273 323-329 379-385 435-4!n 

218-224 274-280 330-336 386-392 4L+2-448 

Sub-Word Content 

Frequency - Lower Limit 

Logical Zeros 

Frequency - Upper Limit 

Logical Zeros 

Set Identification 

PW - Lower Limit 

PW -Upper Limit 

Recognizer Input Mode 

Recognizer Output Mode 

Logical Zeros 

PRI - Lower Limit 

PRI - Upper Limit 

I_~ 

I-dUl 
~[\) 

OtlO 
CD 0 

o 
..j::::- I 
Ul;::tJ 

Ul 
o 
o 

» 
"0 
"0 a 
< 
CD 
c. 
0' ..., 

c,::U 
CD reo 
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,~ 

rl\) a _ ...... 
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a 
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a 
CD 
CD 
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01 
o 
>< -->. 



Approved for Release: 2017/08/16 C05099935 
.......... n.1;;1 

SPECIAL IIANDLING 50X1 
~_---,--_~~OO 

Pa e 46 

~-'. :":."" .. ~. r-:: • 
''''<.,- c 

\. l~ 
f: : ~. ,~~~~ ;.' ;' -q ,'j! 

2.5. Performance Specifications Summary 

This section presents a summary of the EOB/TI 

performance specification of the Reaper system. Nominal flight 

con itions are an altitude of 268 nill, an orbit inclination of 

and an orientation such that the payload field-of-view y-

axi pOints in the direction of flight. No part of the vehicle 

its payloads shall extend beyond the plane of the Reaper 

ant nnas t radiating apertures. 

2.5 2 

Frqequency Coverage 

The Reaper system provides: 

(a) A frequency range (RF range) from 1800 MHz to 

3300 MHz. 

(b) A confirm band (IF range processed or con

firmed at any frequency step) of a nominal 

3 MHz. 

(c) A frequency step (basic scan increment) of 2.5 

+ 0.5 MHz. 

(d) Two partial frequency band scans over any non-

overlapping segments (5 Mc resolution) of the 

RF range. 

Field-of-View 

Under the nominal flight conditions, the minimum 

cro s-track field-of-view (FOV) is 160 nm and the in-track 

FOV is such as to provide a minimum of two looks at each target 

wit a normal dwell time. 
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The system is capable of locating an emitter with-

in a circle of 7.5 n.mi. radius with 95% confidence. This 

accuracy is specified for data taken uniformly over the fre-

quency band and the field-of-view. The accuracy specification 

allows optimizing the combination of coarse and fine phase 

readings and averaging the phase information from at least 

eight pulses during the ground data processing. The above 

accuracy is for the Reaper system only and does not allow for 

vehicle errors such as pitch, roll, yaw, and time from the 

vehicle clock. 

2.5.4 Scan Parameters 

Two dwell modes are provided. Dwell time is de-

fined as the time that the system searches at each frequency 

step. 

2.5.4.1 Normal Dwell Mode 

The normal dwell mode provides a dwell time such 

that four successive pulses with a PRI of 5.28 milliseconds 

or less can be processed in a single dwell. The dwell time is 

adaptive. If no signals are found on a particular local oscil

lator stop, the dwell lasts for only 6.14 milliseconds. If 

one or more intercepts are confirmed, the dwell time is ex-

tended to 22.5 milliseconds. 

SECRET 
SPECIAL HANDLING 

Approved for Release: 2017/08/16 C05099935 

50X1 

50X1 

------------------------------------



\ 

\ \ 
\ 

Approved for Release: 2017/08/16 C05099935 
"'" ........ If\. II;;; • 

SPECIAL IIANDLIN6 
50X1 

2.5.4.2 Alternate Dwell Mode 

An alternate dwell mode enabled by command pro-

vides a dwell time twice that of the normal mode with one or 

~ore confirmed intercepts. 

2.5.5 Sensitivity 

I 

The maximum sensitivity (minimum threshold) is 

~93 dbm at angles to the cross-track edge of the FOV or 23°, 

~hichever is less. Threshold is defined as the pulse ampli-

tude below which a logic decision is made to inhibit the pulse 

aind is referred to the input to the system antennas. The 

hreshold is variable upward in two 5 db + 1 db steps by 

ehicle command. 

.5.6 Dynami c Range 

The system accepts and processes signals over a 

o db minimum range upward from minimum threshold (-93 dbm). 

.5.7 Recognizer 

The system is capable of accepting and storing 

igital listings of parameters for matching with the param-

ters of incoming signals. The stored parameter listings may 

e reprogrammed with new values on orbit. The parameter list

~ngs are compared to incoming signal parameters when the pay-
! 

load recognizer is enabled. Each listing may be programmed to 

~xamine signals arriving from any direction or to examine only 

those signals which appear within the field-of-view. The cover

Jge is controlled by a preprogrammed bit in the parameter set. 
50X1 
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The eight recognition sets are loaded by a single 

serial bit stream (1000 bps) from the binary digital module 

of the vehicle programmer. The range and bit format of the 

sotred parameters must correspond to those of the system. 

Each of the eight sets are enabled and disabled 

separately by command from the vehicle programmer. No more 

than four sets with overlapping frequency limits may be enabled 

at the same time. 

2.5.7.2 Output Modes 

The output mode code specified with each recogni-

tion set initiates the appropriate action to alter the mode of 

operation when a match is achieved with that set. Output modes 

are given in Table 2.5-1. Protective techniques are employed 

to prevent a recognizer failure from affecting the EOB mode 

operation. 

2.5.7.3 Digital Data to DSU 

Digital time and frequency words are supplied to 

the digital track of the DSU whenever analog data is being re-

corded. rI'ime frequency words are supplied at approxima tely 

liB-second intervals. 

2.5.7.4 TIM Output 

The recognizer is capable of reading out the recog-

nizer memory to the telemetry system on cO~lland. 
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TABLE 2.5-1 RECOGNIZER OUTPUT MODES 

EXECUTION 

50X1 

Send "Begin Record!! pulse to DS U. If a llDS U 

Available" input signal is presentJ the system 

will stop frequency scan before stepping fre-

quency and initiate predetection recording. 

After recording two seconds J send !!End Record!1 

pulse to DSU and resume scan. If !1DSU Not Avail-

able ll signal is present J continue scan. 

Same as 1, except 4 seconds recording time. 

Same as 1, except 8 seconds recording time. 

Send if Begin Record!! pulse to DSU. stop frequency 

scan before stepping frequency. If a flDS U Avail-

able" signal is present, initiate predetection 

recording. After 4 seconds J send !lEnd Record ll 

pulse to DSU and resume scan. If IIDSU Not Avail-

able ll signal is present, remain locked on fre-

quency until IIDSU Available!! signal is received 

or until the frequency scan has been stopped for 

a total of 60 seconds. 

Same as 4, except 8 seconds recording time in 

place of four seconds. 

Same as 4, except 300 seconds recording time in 

place of four seconds. 
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The signal delivered to the DSU for recording con-

tains a predetected video signal~ two reference tones and a 

tag pulse. The tag pulse is present when the received signal 

is within the amplitude ratio inhibit circle. 

The predetected 3-db passband output is from 0.5 

to 5.5 t.1Hz. The predetected output center frequency of 3 Iv'JHz 

corresponds to the sys tem IF' center frequency. The output is 

a sinusoidal waveform which preserves any intrapulse modulation 

appearing on the input signal within the bandwidth and local 

oscillator limitations of the system. Signals appearing in 

the system's IF which are more than 2.75 MHz from the IF cen-

ter frequency are attenuated by at least eight db before being 

sent to the DSU. The predetected signal is hard limited at 0.7 

volt p-p. The gain of the predetection circuits is adjusted 

as a function of the input power. 

The gain adjustment provides for selecting one of 

four amplitude response curves (Predetected output amplitude 

vs. signal power input). This insures that the output level 

of any signal which is within the receiver's dynamic range 

and is matched to a recognizer set~ will fall within the range 

of 0.19 volt p-p to 0.6 volt p-p. The adjustment is made once 

at the beginning of each record period following a recognized 

signal. The response curves are nominally linear up to the 

output level of 0.6 volt p-p. 
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The tag pulse is a 250 kHz sinusoid whose envelope 

is a cosine squared pulse with a spectrum centered at 250 kHz. 

P~ak amplitude is 0.28) + .02) .05 volt in amplitude. Enve-

width is 5.0 + 1 microsecond at the 50% point. 

The reference tones are 6 MHz + 5 kHz and 46.875 kHz 

+ 100 Hz with an adjustable amplitude and are added to the pre-

d tected video to aid in ground processing. Tone amulitude 

c n be set during initial payload alignment to any value be-

treen 2.5 millivolts and 50 millivolts rms. 

2 5.9 CW Operation 

The system processes CTv:! signals by recognizing 

t at the signal pulse width is greater than 24 usec. An inter-

c pt word is generated with a maximum PW and a minimum PRI 

i_dication for four readings. This situation also causes the 

signal indicate circuit to be energized and the Ci;\T bit to 

b inserted in the subsequent data words of that dwell period. 

is intercept word provides four D/F phase readings and a 

ique data format for identification of CW signals. The CW 

s'gnal indicate circuit provides the ability to compare pulse 

s· gnals against the CW background and allm'JS processing of 

t_e pulsed signal if a difference of at least 15 db is present. 

2.5.10 Buffer storage 

The buffer storage provides a temporary storage 

allow parallel processing of emitter signals and allows 

srnchronization to the vehicle memory. The buffer storage is 

50X1 

S!CR!T 
SPECIAL IIANDLIN6 

Approved for Release: 2017/08/16 C05099935 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Approved for Release: 2017/08/16 C05099935 
."U;;;",n.U;;;1 

SPECIAL IIANDLING 
52000-R500 
Page 53 

erased upon receipt of a payload "On" command. Individual 

words within the storage are erased as they are read out to 

vehicle memory. 

2.5.11 

2.5.11.1 

Measurement Capabilities 

Frequency Measurement 

The system provides a frequency measurement reso-

lution (encoder step) of 1 MHz and an absolute frequency 

accuracy (rms offset between actual and encoded frequency 

values) of + 0.3%. 

2.5.11.2 Frequency Repeatability 

The system provides a frequency measurement re-

peatability of +1 MHz for ten minutes. 

2.5.11.3 Pulse Width Measurements 

Signal pulse widths from 0.4 usec to 4.0 usec are 

measured at system threshold to an accuracy of + 0.25 usec and 

to a resolution of 125 nanoseconds. 

2.5.11.4 Pulse Repetition Interval Measurements 

The PRI of a signal is measured over the range of 

100 usec to 8000 usec with 1 usec resolution and a maximum 

error of + .1% or + 1 usec, whichever is greater. 

2.5.11.5 Pulse Amplitude Measurement 

Signal pulse amplitude is measured to an accuracy 

of + 5.0 db with a 2.5 db resolution. 
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2.5.11. 6 Attitude Measurement 

50X1 

Pitch and roll are encoded by the system from two 

analog voltage signals supplied by the vehicle. Voltages from 

-11 to -10 volts and +10 to +11 volts are encoded to an all 

zlro code. A 7-bit code is provided and the remaining 127 

cdes provide 0.15748 volt increments. A relay closure or a 

s gnal similar to the signals of the command programmer is 

ovided by the vehicle to indicate abnormal vehicle attitude 

ich causes a !lone 11 to be inserted in the 11 sun bit 11 position 

o the status words. 

2.5.11.7 Time Measurement 

The payload is able to accept and count 5,529,000 

8-second timing pulses continuously before being reset. The 

c unt can be reset to zero at any time by means of command. 

e format and method of counting are as shown below. 

No. of Bits Timing Pulse Rate Recycle Time 

20 binary bits 8 pulses/sec 24 hours 

3 binary bits 1 pulse/day 8 days 

The time counter is capable of continuous operation 

ith the payload off, providing that the timing pulse line and 

the 28-volt unregulated line to the payload are energized. The 

iming information is included in the time-frequency, intercept, 

and status words. 
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The word formats and code deLLni tions are descrj_bed 

in detail in The Ground Data Handling Requirements Report for 

the Reaper Payload, LTVE Document No. 4124-11184. The types of 

words provided are time-frequency words, intercept words and 

status words. 

2.5.12.1 Time Frequency (Marker) Word 

A time-frequency (marker) word is written on the 

digital data track of the DSU at a 10 Kc clock rate. 

2.5.12.2 Intercept Word 

An intercept word is generated for two to fouT 

confirmed pu.lses. An intercept word contains time, frequency, 

angle of arrj_val, pulse width, PRI and ampl:Ltude information. 

This word is 182 bits in length. 

2.5.12.3 status Word 

start words, stop words and time attitude words 

are status words. Time, attitude and other status information 

are contained in status words. This word is also 182 bits in 

length. 

2.5.13 

2·5.13.1 

False Data 

Spurious Rejection 

The system provides 55 db rejection for spurious 

signals. In-band spurious signals are also rejected by phase 

and amplitude cri ter:La. 
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Ambiguity Resolution 

No more than 5% of the pulses obtained at the 

lowest pulse amplitude reading can be in error due to incorrect 

a~biguity resolution. Potentially ambiguous data is flagged 

flor solution during ground processing. No more than 25% of 

tlhe pulses obtained at the lowest pulse amplitude reading may 

be flagged. No data may be discarded or inhibited on the 

4round in 

10rds due 

8.5.13.3 

order to reduce the percentage of erroneous data 

to incorrect ambiguity resolution. 

Amplitude Poke-Through 

No false data is obtained due to amplitude poke-

in the amplitude ratio inhibit circuitry, independent 

f the phase field-of-view inhibit. Demonstration of this 

equirement is based upon the antenna range data under condi-

high signal-to-noise ratio. 

.5.14 Orbital Lifetime 

The Reaper Payload orbital lifetime will be six 

1 onths under nominal programming. Nominal programming is con-

idered to be a maximum of go hours intermittent operation per 

onth with a 30-minute maximum operating period per orbit. 
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In this section, the fundamental characteristics 

of the Reaper system are discussed and analyzed. The error 

budget associated with each of the measurement accuracy speci-

cations is presented and analyzed to show how the system 

meets each of the accuracy specifications. 

3.2 

3.2.1 

Coordinate Geometry 

Emitter Location Coordinate System 

The basic coordinate system for specifying DIF 

information is illustrated in Figure 3.2-1. The x, y, z set 

of axes is a left-handed system with +z axis along the antenna 

array boresight axis with the x-y axes in the plane of the 

antenna phase centers. A sphere of unit radius is centered 

about the origin. The direction to an emitter on the earth 

is expressed as the point of intersection of the line of sight 

with the unit sphere. The intersection point is 

x = sin G s in ~ (3.2 -1) 

Y = sin G cos~ (3.2-2) 

z = cos G (3.2-3) 

where G is the elevation angle measured from the +z axis to 

the line of sight, and ~ is the azimuth-angle measured from 

the +y axis to the projection of the line of sight into the 

x-y plane as viewed from above. Since there are only two 

independent parameters in Equations 3.2-1, 3.2-2, and 3.2-3, 
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viz.) Q and ~ ) direction to the emitter can be represented 

uniquely by the quantities x and y alone. These represent the 

projection of the point of intersection of the unit sphere and 

the line of sight into the x-y plane. All possible lines of 

sight to emitters within 0° ~ < < 

are represented as points in the x-y plane within a circle of 

unit radius. The direction of an emitter from the payload is 

measured by computing sin Q cos ~ and sin Q sin ~ from elec-

trical phase information as described in paragraph 3.3. 

3.2.2 Restricted Field of View 

A phase field-of-view is defined in Figure 3.2-2 

to limit the area of coverage. Only those lines of sight that 

fall within the field of view are accepted by the system. The 

limited coverage is established to eliminate intercepts from 

targets at large elevation angles where location information 

would be comparatively poor. Signals from outside the field 

of view are rejected on the basis of phase information and 

signal amplitude ratio data as described in paragraphs 3.3.2 

and 3.4.1; those within the field of view are accepted and 

processed. The limits of the field of view are defined in 

terms of sin Q sin ~ and sin Q cos ~ , the fundamental co-

ordinates. Paragraph 3.3 discusses the relation between these 

coordinates and the phase quantities actually measured in the 

system. The field of view shown in Figure 3.2-2 represents 

about one percent of the total ground area jn view of the 
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x = sin e sin ~ where: sin S = 1 

Y = si n e co s S wher.: co s S = 1 

SYSTEM FIEW-OF-VIEW 

v hicle at an altitude of 268 nautical miles. 

3.2.3 Field-of-View Earth Coverage 

On the earth's surface, the field of view has a 

determined by the curvature of the earth and the orienta-

the antenna platform with respect to the earth. The 

antenna array boresight axis is a line through the 

For this attitude, the earth coverage pattern for a 

earth is as shown in Figure 3.2-3 for a vehicle 

of 263 nautical miles. The shape of this pattern will 

change considerably with vehicle height. As height is in-

creased, the overall dimensions are increased and the corners 

50X1 
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47 NAUTICAL MILES 

-60 

-80 

FOV AT 1800 MHz 
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FI ElD OF VI EW ON A SP ERICAl EARTH 

FIGURE 3.2-3 FIELD-OF-VIEW ON A SPHERICAL EARTH 

become more elongated on a spherical earth. 

The minimUln in-track dimension of the Reaper 

space window was shown earlier to be 66.4 nautical miles. At 

an orbital altitude of 268 nautical miles the period of an 

earth satellite is 5663.88 mean solar seconds. Assuming one 

earth radius equal to 3440 nautical miles gives a satellite 

ground speed of 3.816 nautical miles/second. At this speed~ 

a time span of 17.4 seconds is required for a target to pass 
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clmPletelY through the Reaper phase field-of-view. To satisfy 
I 

the two looks per target criterion of sections 2.5.2, each 
I 

sfan must require no more than 8.T seconds. Figure 3.1-2 

shows that an increment activity of 33% results in an 8.T-second 
! 

scan time. This means that when operating in the normal dwell 

mode, if 33% or less of the local oscillator steps contain 

t rgets which meet all system confirm criteria, the local 

o cillators will have time to scan completely through the 

o erating range twice in the time required for a target to 

ve completely through the in-track field-of-view. 

3.3 

3.3.1 

Antenna Phase Response 

Antenna Array Phase Relations 

The antenna array from which electrical phase 

formation is obtained consists of two sets of circularly 

larized horns for each operating band as shown in Figure 

In this illustration, the array is shown in the antenna 

p ase-center plane (viewed from behind) which is also the x-y 

ane defined in paragraph 3.2.1 with the y axis in the direc-

the azimuth reference line and the x axis parallel to 

e A-R and A'-R' antenna pair axis. Since the wave will 

at each antenna at different times, a phase difference 

e ists that is determined by the difference in distances that 

e wave must travel to reach each antenna. The differences 

distance for the phase information channels are given by 

R sin G cos S for antenna pair A-R, dRC sin G sin S for 
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SPECIAL HANDLINe 

Approved for Release: 2017/08/16 C05099935 

50X1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

tX 

Approved for Release: 2017/08/16 C05099935 
""1;"''''1;. 

SPECIAL HANDLING 

tY 

() 

8 () () 

. 

"--------~ 

-y 

FIGURE 3.3-1 ANTENNA ARRAY 

SECRET 
SPECIAL HANOtlNG 

Approved for Release: 2017/08/16 C05099935 

52000-R500 
Page 63 

-x 

50X1 

50X1 



52000-R500 
I ~-4 Page t) 

antenna pair R-C, 

dRf sin g sin £ 

ph~se differences 

I 
oAR 

oRC 

oBR 

oRD 

w+re 21T 
A 

i 

A 

dAR 

dRC 
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dBR sin g cos £ for antenna pair 

for antenna pair R-D. The actual 

are then: 

21T S dAR sin g cos radians 
-A-

21T dRC sin g sin S radians 
-A-

21T dBR sin g cos S radians 
A 

21T dRD sin 
-~ 

g sin S radians 

= phase constant in radians/inch 

= signal wavelength in inches 

dBR antenna spacings in inches 

= dRD antenna spacing in inches 

50X1 

B-R, and 

electrical 

(3.3-1) 

(3.3-2) 

(3.3-3) 

(3.3-4) 

g and S are the elevation and azimuth angles 

respectively as defined in paragraph 3.2.1. 

i In equations 3.3-1 through 3.3-4, sin g cos £ 

aid sin g sin S are the y and x coordinates, respectively, 

o the intersection of the line of sight with the unit sphere 
I 

if the emitter location coordinate system. The emitter direc-

tton is given by the following. 

sin g sin £ \. °RC = A. 

2 1T dRC 2 1T 

sin g cos S A oAR A 

2 1T dAR 2 1T 
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Thus, the emitter direction may be obtained from the electri-

cal phase measurements. 

For a given signal all quantities in equations 

3.3-5 and 3.3-6 are constant except phase, so lines of con-

stant phase are straight and of constant gradient within the 

unit circle of the x-y plane. 

3.3.2 Phase Patterns in the Field-of-View 

The field of view phase pattern in the x-y plane 

is shown in Figure 3.3-2. This phase pattern was developed 

from equations 3.3-5 and 3.3-6 for both coarse and fine phase, 

using the antenna spacings of 3.0?l. for fine phase associated 

Y iiRD oBR 
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w~th AR and BR) and 2.4A for coarse phase associated with RC 

ard RD. The constant electrical phase lines are shown with 

cbrresponding x-y coordinate values. 

Ambiguities in the detected fine or coarse phase 

at intervals of 360°) due to the periodicity of the 

signal. For example, the phase lines at -270°, +90°, 

14500 are ambiguous. These ambiguities must be removed before 
i 
~nambiguous emitter location can be established. The method 

~f ambiguity removal is discussed in paragraph 3.3.~. 

3·3.3 Ambiguity Removal Technique 

The system resolves ambiguous target locations by 

tilizing both coarse and fine phase information from different 

ntenna pairs. The fine phase readings are quantized into 

~ncrements of 11.25 electrical degrees. The coarse phase read

ngs are quantized into increments of 18 electrical degrees. 

ach fine phase interval is associated with a particular un-

mbiguous group of four coarse phase intervals. In addition 

o normal or ll undelayed l1 phase) the System utilizes 90° "delayed" 

hase which allovJS the phase codes to be uniquely assigned over 

60° intervals. The horizon-to-horizon relationship between 

ine and coarse phase is shown in Figure 3.3-3. 

As seen in Figure 3.3-3) there are two 360° 

~mbiguous fine phase regions within the field of view. These 

~mbiguities are resolved by combining the readings from the 
i 
tine phase antenna pair with the readings from the coarse phase 

50X1 
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aJtenna pair. Antenna spacing of 3.01-. and 2.4A (determined at 
I 

t e low frequency limit of each band) for the fine and coarse 

p ase pairs, respectively, allows phase crossover to coincide 

o ly at boresight. 

Figure 3.3-4 illustrates the coding method used 

t resolve ambiguities. In the example shown, the -lBOo and 

+ BOo coarse and the -225° and +225° fine phase positions are 

r solved into unambiguous locations by using both the coarse 

a d fine phase information. Horizon-to-horizon encoding 

iltervals are shDwn in Table 3.3-1. 

Ambiguity removal techniques are developed in 

g eater detail in Appendix C of LTVE Document No. 52000-R37B, 

T chnical Description Report for Setter IB System. 

Antenna Amplitude Response 

The ambiguity removal technique used for Reaper 

fils to give correct results at certain large off-bore sight 

a gles; the phase tracking error of the D/F antennas also 

creases at large off-boresight angles. For these reasons, 

a phase field-of-view is set up which prevents the system from 

processing signals arriving from large off-boresight angles. 

Signals from off-boresight angles where the ambiguity removal 

technique does not provide satisfactory results are inhibited 

n the basis of amplitude-ratio measurements. 

The amplitude-ratio-inhibit function is obtained 

comparing the mode 2 output of the dual-mode spiral antenna 
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Fine ¢ 
Deg. e. 

-90J.00 
-BBB.75 
-B77.50 
-B66.2r:; ./ 

-B55.00 
-B43.75 
-B32.50 
-B21.25 
-Bl0.00 
-79B.75 
-7B7.50 
-776.25 
-765.00 
-753.75 
-742.50 
-731.25 
-720.00 
-70B.75 
-697.50 
-6B6.25 
-675.00 
-663.75 
-652.50 
-641. 25 
-630.00 
-61B.75 
-607.50 
-596.25 
-5B5.00 
-573.75 
-562.50 
-551. 25 
-sL)o.oo 
-52B.75 
-517.50 
-506.25 
~4ql).00 

-483.75 
-1;'72.50 
-461. 25 
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FINE PHASE POSITION HORIZON-TIO-HORIZON 

Dec. 
Eq. of 
Fine ¢ 

16 
17 
lB 
19 
20 
21 
22 
23 
2 L). 
25 
26 
27 
2B 
29 
30 
31 
o 
1 
2 
3 
h 

5 
6 
7 
B 
9 
10 
11 
12 
13 
14 
15 
16 
17 
lB 
19 
20 
21 
22 
23 

Dec. 
Eq. of 
Coarse ¢ 

lB,19,O,l 
1B,19,0,1 
19,0-2 
19.0-2 
0-3 
o-~ 

1-4 
l-h 
2-5 
2-5 
3-6 
3-6 
4-7 
4-7 
5-B 
5-B 
6-9 
6-9 
7-10 
7-10 
B-ll 
B-ll 
9-12 
9-12 
10-13 
10-13 
11-1lJ. 
11-14 
12-15 
12-15 
13-16 
13-16 
14-17 
lLJ.-17 
15-1B 
15-1B 
16-
16-19 
17- ,0 
17-19,0 

Fine ¢ 
Deg. e. 

-450.00 
-43B.75 
-427.50 
-416.25 
-405.00 
-393.75 
-3B2.50 
-371. 25 
-360.00 
-31;.B.75 
-337.50 
-326.25 
-315.00 
-303.75 
-292.50 
-2B1. 25 
-270.00 
-25B.75 
-2LJ.7.50 
-236.25 
-225.00 
-213.75 
-202.50 
-191. 25 
-lBo.oO 
-16B. 
-157.50 

14c ry' 
- .. O.L.) 

-135.00 
-123.75 
-112.50 
-101. 25 
-90.00 
-78.75 
-67.50 
-56.25 
-h5.00 
-33.75 
-22.50 
-11. 25 
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24 
25 
26 
27 
28 
29 
30 
31 
o 
1 
2 
3 
I). 

J 
6 
7 
B 
9 
10 
11 
12 
13 
14 
15 
16 
17 
lB 
19 
2J 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
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Dec. 
Eq. of 
Coarse ¢ 

lB,19,O,l 
18,19,0,1 
19,0-2 
19,0-2 
0-3 
0-3 
l_L). 

1-4 
2-5 
2-5 
3-6 
3-6 
4-7 
h-7 
5-B 
5-B 
6-9 
6-9 
7-10 
7-10 
B-ll 
B-ll 
9-12 
9-12 
10-13 
10-13 
11-14 
ll-lh 
12-15 
l~-15 

13-16 
13-16 
14-17 
14-17 
15-1B 
15-18 
16-10 
16-19 
17-19,0 
17-19,0 

50X1 
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! 

FINE 

Dec. 
Fine ¢ Eq. 
De~. e. Fine 

0° 0 
I 

+1~.25 1 
+28.50 2 
+33.75 3 
+4:3.00 4 
+5~.25 5 
+67.50 6 
+7$.75 7 

I 

+9G·00 8 
+IG1. 25 9 
+1 2.50 10 
+L 3.75 11 
+1 5.00 12 
+IL 6.25 13 
+1' 7.50 14 
+1( D8.75 15 
+lc DO.OO 16 
+1 ~1. 25 17 
+2 P2.50 18 
+2 1-3.75 19 
+2 P5.00 20 
+2 B6.25 21 
+2 ~7 . 50 I 22 
+2 )8.75 23 
+2,70.00 24 
+2B1. 25 25 

1+2D2.50 26 
+3P3.75 27 
+315.00 28 
+326.25 29 
+3~7.50 30 
+348.75 31 
+3~0.00 0 
+ 3f71. 25 1 
+3~2.50 2 
+3i93.75 3 
+L~!05. 00 II 

+4!16.25 5 
+~27.50 6 
+~38.75 7 
+~50.00 8 
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PHASE POSITION HORIZON-TO-HORIZON 

of 
¢ 

Dec. Dec. 
Eq. of Fine ¢ Eq. 
Coarse ¢ Deg. 2 Fine 

18,19,0,1 
18,19,0,1 +l~61. 25 9 
19,0-2 +472.50 10 
19,0-2 +L~83. 75 11 
0-3 +495.00 12 
0-3 +506.25 13 
I-h +517.50 l/j 
1-4 +528.75 1 r -:J 
2-5 +540.00 16 
2-5 +551. 25 17 
3-6 +562.50 18 
3-6 +573.75 19 
4-7 +585.00 20 
4-7 +596.25 21 
5-8 +607.50 22 
5-8 +618.75 23 
6-9 +630.00 2,4 
6-9 +641. 25 25 
7-10 I +652.50 26 
7-10 +663.75 27 
8-11 +675.00 28 
8-11 +686.25 29 
9-12 +697.50 30 
9-12 +708.75 31 
10-13 +720.00 0 
10-13 , +731.25 1 
II-lh +7h2.50 2 
II-lh +753.75 3 
12-15 +765.00 II ., 
12-15 +776.25 J;: 

..J 

13-16 +787.50 6 
13-16 +793.75 7 
Ih-17 +810.00 8 
Ih-17 +821. 25 9 
1S-18 +832.50 10 
15-18 +8h3.75 11 
15-19 +855.00 12 
16-19 +866.25 13 
17-19,0 +877.50 I" L ... 

17-19,0 +833.75 15 
18,19,0,1 +900.00 16 
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Dec. 
of Eq. of' 
¢ Coarse ¢ 

18,19,0,1 
19,0-2 
19,0-2 
0-3 
0-3 
1_1+ 
1-4 
2-5 
2-5 
3-6 
3-6 
4-7 
4-7 
5-8 
5-8 
6-9 
6-9 
7-10 
7-10 
8-11 
8-11 
9-12 
9-12 
10-13 
10-13 
II-Ill I 

I 
II-Ill 
12-15 
12-15 
13-16 
13-16 
14-17 
14-17 , 
15-18 
ICC 
16=19 
16-19 
17-19,0 
17-19,0 I 
18)19,Oj 
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to the signal in one of the conventional phase channels. The 

mode 2 response produces a pattern which has a null on bore-

sight. The pattern of the phase horn is a conventional pattern, 

peaked on boresight. The difference in output power from the 

two antennas is a function of the off-bore sight angle of an 

emitter. By sampling this difference for each received pulse, 

signals with large off-boresight angles-of-arrival can be 

detected and inhibited. Figure 3.4-1 illustrates the amplitude-

ratio technique; a typical mode 2 response pattern is superimposed 

on the amplitude pattern of a phase horn. 

3.5 Receiver Characteristics 

Since the system is essentially a high frequency 

receiver, its ability to detect the presence of an emitter 

and extract information is limited by the presence of noise. 

Maximum sensitivity is limited by the noise produced in the 

system itself. 

3.5.1 System Noise Figure 

The overall noise figure of the Reaper receiver 

is determined by the noise figure of the IF preamplifier, the 

conversion loss and noise figure of the mixers, and the loss 

of the interconnecting cable between the system antennas and 

the mixers. These quantities are carefully controlled by in-

house electrical performance specifications to yield an overall 

receiver noise figure of 8.5 db, measured at the input to the 

antenna interconnecting cable. 

[ ] 
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FIGURE 3.4-1 MODE 2 SPIRAL/PHASE RESPONSE 

Equivalent Input Thermal Noise Power 

50X1 

The equivalent input noise power of a receiver is 

n:)rmally expressed in the following form. 

Equivalent input noise power = N = FkTB watts 

= 4 x 10- 21 FB watts 

where F = noise figure - the factor by which the 

equivalent input noise of the actual 
50X1 
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receiver exceeds that of an ideal 

reference. 

k Boltzmann1s 

constant. 

T = absolute temperature of noise source -

arbitrarily, 290 0 K. 

B = equivalent rectangular noise bandwidth 

of the receiver in cycles per second. 

For the Reaper receiver: 

KT = -114 dbm 

B = 7.32 MHz., or +8.64 db above 1 MHz 

F - 8.5 db 

KTBF = -96.86 dbm 

The equivalent noise power referred to the input 

to the system receiver is -96.86 dbm. 

3.5.3 Minimum Signal-to-Noise Ratio 

The system is required to process a -93 dbm signal 

arriving from either 23 space degrees off bore sight or from the 

edge of the phase field-of-view, whichever is less. The antenna 

gain at 23° off-boresight is 5 db minimum (linearly polarized 

signal). This yeilds a signal amplitude of -88 dbm into each 

receiver phase channel. The resulting signal to noise ratio is 

then 

-88 (-96.86) = 8,86 db 

A minimum phase channel signal-to-noise ratio of 8.86 db will 
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be~1 produced by any input signal which produces a minimum sig-

na confirm decision. 

3.r::.4 Real/Image Signal Identification and Spurious 

Rejection Circuitry 

The Reaper system processes both real and image 
! 

siignals when operating in any of the normal EOB readin modes. 

Real and image signals are defined in equation 3.5.4-1. 

F (real) = F Local OSC + FIF 

F (image) = F Local OSC _ FIF 

(3.5. 4-1a ) 

(3.5. 4-1b ) 

phase characteristics of real and image signals are 

dOfferent, a signal must be identified conclusively as one or 

t.e other before valid location information can be obtained. 

I termediate frequency signals can also be produced by either 

i band or out-of-band spurious signals which enter the mixers 

heterodyne with the local oscillator. Spurious signals are 

n processed for EOB data and must be rejected and/or identi-

fOed to prevent the EOB data from being degraded. 

t chniques: 

Spurious signals are rejected by three different 

a) The system mixers have a minimum of 58-db 

rejection for in-band spurious signals, 

b) A band pass filter is included between the 

Fl antenna and the Fl channel mixer making 

it impossible for an out of band signal to 

generate a real/image confirm pulse, and 

S!CR!T 
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() The real/image circuitry shown in Figure 3.5-1 

has some inherent spurious rejection capability. 

REAL (fLO < fSIG) A) B 

IMAGE (fLO) fSIG) B)A 

4TH ORDER IN BAND A B 

(c2 flO' 2 fSIc1 

A 

B 

D B"A~ C A BL:1£.. 

FIGURE 3.5-1. REf\L/IMAGE CONFIRM LOGIC 

An analysis of the real/image identification circuits perform-

ance shows that reals and images are positively identified, and 

the in-band spurious response is positively rejected. Due to 

equipment limitations a CID or Dlc ratio on the order of 15 db 

is the maximum attainable value, and provides quite satisfactory 

results. The analysis is shown below. 
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A 

I 

C == A+B~ D == B +A~ 

COS[(Mwr - Nwo)t + N90] + COS[(MWr - NWot - 90] 
C/D := 

COS[(Mwr - NWo)t] + COS[(MWr - Nwo + N90 - 90] 

D/c 
1 := 

C/D 

If a real signal is received, M == N == +1 

I COS[(W - W)t + 90] + COS[ (W - W )t - 90] 
CJD := r 0 r 0 == 0, D/c 

. COS[ {u\ - wo)t] + COS[ {wr - Wo)t + 90 - 90] 

If an image signal is received, M == N == -1 

50X1 

CD := == .... CD, D/c:= 0 
COS[(_w + W )t] + COS UMW - Nw )t - 90 - 90] r 0 r 0 

I M:= N == +2, a spurious signal is being received 

~/D := 
COS [ ( W r - W 0) 2 t + 1 80] + COS [( W r - W 0) 2 t - 9 0] 

COS[ {wr - wo)2tJ + COS [(wr -wo)2t + 90] 

C/D :: 1 , D/c == 1 

1M:: N :: -2, a spurious signal is being received 

r = 

! 

COS[ (Wo - Wr )2t - 180] + COS[ (w 0 - wr )2t - 90] 

COS [ (w - W ) 2 tJ + COS [ (w - W ) 2 t - 2 7 0] orO r 

C/D == 1 , D/c == 1 
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The primary function of the payload is to accu-

rately locate both pulsed and CW electromagnetic emitters. The 

location accuracy depends on phase measurement accuracy and the 

ability to resolve ambiguities in the phase measurements. 

The phase error budget for the system is summariz

ed in Table 3.6-1. The errors are listed by sections for con-

venience. For each error source a maximum error is given with 

the resulting rms error. The maximum error (with only one ex

ception) is the limit value of a uniformly distributed set of 

errors, for which: 

rms = max. error (3.6.1-1) 

The IF deck temperature error is assumed to have a triangular, 

rather than a uniform distribution. The effects of noise on 

phase error are reduced by averaging the location information 

from eight received pulses from the same location. 

3.6.2 Location Accuracy 

It has been shown in the addendum to the fourth 

Reaper design review, "Discussion of Reaper Location Error, II 

that the radius, L!t. L/95%, of a circle centered at an emitter 1 s 

location w~thin which 95% of the locations indicated by the 

Reaper payload will fall is given by equation 3.6.2-1. 
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TABLE 3.6-1 PREDICTED ELECTRICAL PHASE ERRORS 

MAX ERRORS RMS ERRORS VARIANCE 

AN~ENNAS 
:Reflections 
Polarization 
Mutual Coupling 
Feed Structure 

Phasing 
Mechanical Tolerances 

+4.0° 
+7.0° 
+2.0° 
+4.0° 

TOTAL PHASE VARIANCE DUE TO ANTENNAS 

RF CIRCUITRY 

Main Stripline 
iPhase Tracking 
i 20 db Coupler +0.5° 

TO~AL PHASE VARIANCE DUE TO RF CIRCUITS 

IF CIRCUITRY 

Frequency 
Dynamic Range 
Amplitude Unbalance 

i Tempera ture 

+4.5° 
+3.6° 
+2.8° 
+7.3° 

TO~AL PHASE VARIANCE DUE TO IF CIRCUITS 

PH~SE ENCODER 

Quantizing Error 
(Fine) 

Reading Error 
(Fine) 

TqTAL PHASE VARIANCE DUE TO PHASE ENCODER 

TCTAL SYSTEMATIC ERRORS 

2.31° 
4.04° 
1.15° 
2.31° 

2.60° 
2.08° 
1.62° 
2.98° 

3.25° 

Noise Error (Single Pulse) SiN = 8.86 db 
16.3° 

Noise Error (8 Pulses averaged) 5.75° 

TC TAL SYSTEMATIC AND NOISE (8 PULSES 
AVERAGED) PER CHANNEL 10.42 ° 
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5.32 
16.32 
1.32 
5.32 

1.32 

29.60 

8.33 

.0833 

8.4133 

6.76 
4.33 
2.62 
8.87 

22.58 

10.58 

4.35 

14.93 

33.1 

108.6;::: 
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268 N.MI. tan Q/9S% 

(cos Q) 2 

b.Q/9S% = .39 (RMS Elect Deg. Error) 

df/A. (1.1) cos Q 
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(3.6.2-1) 

(3.6.2-2) 

Substituting values from Table 3.6-1 gives 

Q/9S% = .39 x 10.42 = 1.338 

3 (1.1) ( .92) 

(3.6.2-3) 

L/9S% 268 tan 1.338 

( .92 )2 

= 7.39 N.MI. (3.6.2-4) 

Equation 3.6.2-4 shows that over flat earth with coarse and 

fine phase readings optimally combined, a 9S% confidence radial 

error of 7.39 nautical miles can be expected (worst case SiN 

ratio). 

3.6.3 False Alarm Rate 

If the noise entering an IF filter is assumed to 

be Gaussian noise, then the probability density function is 

given by: 

exp- dv (3.6.3-1) 
1 

p(v) dv = 

where p(v)dv is the probability of finding the noise voltage v 

between the values of v and v + dv, ~o is the variance, or 

mean squared value of the noise voltage, and the mean value of 

~o is taken to be zero. If the IF bandwidth is small compared 

to the mid-frequency, the probability density of the envelope 

of the noise voltage output is given by equation (3.6.3-2). 
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p(R)dR -
R 

exp 
2-w o 

dR 

50X1 

(3.6.3-2) 

R Of equation (3.6.3-2) is the amplitude of the envelope of 

the filter output. Equation (3.6.4-2) is a form of the Ray

letgh probability-density function. 

The false alarm probability (Pfa ) is the proba

bitity that the noise voltage envelope will exceed the voltage 

threshold VT and is given by equation 3.6.3-3. 

p 

P fa ( V T < R < co ) = 1- co B- ex p - R 2 dR ( 3 . 6. 3 - 3 ) 
VT -w 0 2wo 

VT
2 exp -

2-w o 

average time interval between threshold (VT) crossings 

slope by noise alone is defined as Tfa and is 

in Figure 3.6-1. The average duration (Td) of a noise 

once the pulse has crossed the VT threshold is approxi-

mately the reciprocal of the bandwidth B~ Figure 3.6-1. In 

case of the envelope detector the bandwidth is BIF and Td is: 

1 (3. 6.3-4 ) 

The false alarm probability Pfa can also be defined 

the duration of time the noise envelope is actually above the 

threshold to the total time the noise could have been above 

the threshold. 
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FIGURE 3.6-1 AVERAGE NOISE VOL'I'AGE CROSSING VS TIME 

Ffa = Td 

Tfa 

1 (3.6.3-5) 

Equation (3.6.3-5) can be solved for the average 

false alarm interval (Tfa) and combined with equation (3.6.3-3) 

to give: 

= 1 
BIF 

exp VT2 

2l(Jo 
(3. 6.3-6 ) 

If the bandwidth BIF of equation (3.6.3-6) is expressed in 

cycles per second then the average false alarm interval Tfa is 

also in seconds. 

In the system receiver, four phase channels are 

added for signal-to-noise ratio enhancement. This yields 

approximately a 6-db signal-to-noise ratio improvement over 

that available in one phase channel alone. This means that a 

14.86-db SiN ratio is available for the Tmin decision, and an 

11.86-db SiN ratio is available for the signal identification 

I ~---~ 
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deOision. The 81 decision must be made sooner than the Tmin 

deqision due to the response time of the receiver gating cir

cuits. A relatively high 81 false alarm rate is forced upon 

the Reaper receiver by the requirement of a relatively high 

siBgle pulse probability of detection. 
I 

! 
A probability of signal detection of 85% is felt 

toibe the minimum acceptable value in the 81 circuits. A 

50X1 

prpbability of detection threshold yielding Po = 85% on a 11.86 db 

si~nal to noise ratio signal results in a probability of false 

alarm of 10-4. Then 
i 

__ ~~ ___ l ____ ~~ = 1.67 x 10-3 sec 
10-4 x 6 x 106 

and slightly more than three false alarms per 6.14 millisecond 
I 

d~ell can be expected. The Reaper system requires five micro-

seconds to recover from a false alarm, therefore, fifteen 
I 

mi!croseconds (.245%) of each 6.14 millisecond dwell period is 

u~ed in processing and rejecting false alarms. 

A higher false alarm probability, can be tolerated 

each of the confirm/inhibit channels because they are gated 

o f most of the time; the only time they are gated on is when 

a 81 pulse is present. The resulting probability of detection 

iJ still only 85%, however, due to the lower signal to noise 

ratio signal from which each confirm/inhibit decision must be 

made. The resulting overall probability of detection is then 
i 

J glven by equation 3.6.3-7. 
i 

50X1 ~ .. '\rr'Ml;S" 1 
_', ,c, ~.:,_l. 
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PD(sys) = PD(SI) x PD(Tmin) x PD(A/R Inhibit) x 

PD(Freq. Conf.) = .85 x .99 x .85 x .85 = 61.5% 

(3.6.3-7) 

The overall probability of detection increases quite rapidly 

as the input signal amplitude increases above Tmin. 

3.6.4 Amplitude Error 

The predicted amplitude 'errors in the Reaper System 

are given in Table 3.6.2. The errors are presented by section 

for convenience. For each error source a maximum error is 

listed with the associated RMS error. The RMS error (l~ ) is 

calculated for each subassembly assuming that the given maximu~ 

error is the limiting value of a uniformly distributed set of 

errors. 

RMS max. error (3.6.3-1) 
j3 

In addition to the amplitude errors contributed by each sub-

assembly, the accuracy of the amplitude measurement is degraded 

by the presence of noise. The relative RMS amplitude error 

assuming a worst case signal to noise ratio of 8.86 db is given 

by equation 3.6.3-2. 

ofeliA = 1 1 .255, or 1 db 
-J-;::'2=S=I=N=---

As may be seen from Table 3.6-2, the resulting amplitude RMS 

error including encoding error is 2.068 db. If the assumption 

is made that the central limit theorem of statistics holds for 

I 
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TABLE 3.6-2 AMPLITUDE ERROR ANALYSIS 

ANTENNAS 

1. Amplitude variation 
with frequency (worst 
case j on boresight) 

2. Signal Polarization 

RF SUBASSEMBLY 

1. Gain variation due 
to all causes 

IF DECK 

1. Gain variation with 
frequency, tempera
ture, and dynamic. 
range 

2. Encoding Error 

3. Noise Error 

rJ[AX ERROR 
(DB) 

+1.0 

+ .5 

+2.0 

+1.75 

+1.25 

50X1 

Rl'flS ERROR 
(DB) 

+ .577 

I +.289 

+1.15 

1.01 

.723 

1.0 

1 (J (RMS) Amplitude Mea surement Error = 2.068 db 

tho; error tabulation of Table 3.6-2, the 5 db error specifica

ti:m represents the 2.42 (J point on a Gaussian distribution, 

an~ will be exceeded less than 2% of the time under worst case 

si~nal-to-noise ratio conditions. 

50X1 
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The pulse repetition interval (PRI) of the incoming 

pulse train is measured by recording the time of arrival of each 

pulse and subtracting the time-of-arrival (TOA) of each pulse 

from the TOA of the preceding pulse. 

For example: 

PRI (1-2 ) (TOA) 2 (TOA) 1 (3.6.4-1) 

PRI (2- 3) = (TOA)3 - (TOA) 2 (3.6.4-la) 

PRI (3- 4 ) = (TOA) 4 (TOA) 3 (3.6.4-lb) 

This analysis assumes that the only sources of error in this 

parameter are variations of 81 due to noise and the quantizing 

error associated with the difference in arrival times. Worst 

case variations of 81 due to the relatively low signal-to-noise 

ratio signal available from which to make the 81 decisions 

are given by equation 3.6.4-2. 

at = 1 (3.6.4-2) 

2n f J2s/N 

= 1 = .001435 usec 

2n x 
6 

)2(15.4) 20 x 10 x 

The RM8 error resulting from measurements between two pulses of 

the same signal to noise ratio is 

~ x 1.435 x 10-9 = 2.03 x 10-9 sec. 

However, the 2.03 x 10-9 second noise error is insignificant 

compared to the + t microsecond encoding error. The total 

maximum encoding error resulting from measuring the fine time 
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of arrival of two successive pulses is 1 microsecond, the value 

al~owed by the performance specification summarized in 2.5.11.4. 

3.6.6 Pulse Width Error 

The payload rneasures the pulse width (PW) of the 

inloming signal by gating an internal counter (0.125 microseconds 

eq. als one clock period). The PvJ cotmter is activated by the 
I 

le1ding edge of the incoming SI (Signal Identification) pulse 

an deactivated by the trailing edge of the SI pulse. Payload 

me~SUring resolution is + 1 clock pulse. As shown in equation 

3.~.lt, the rnaximum noise induced error from either a leading 

edge of one pulse to the leading edge of the following pulse, 
! 

orl from the leading edge of one pulse to the trailing _edge of 

th~ same pulse is 2.03 x 10-9 seconds. However, considerable 
i 

se vJidth stretching takes place in the SI pulse width as a 

ction of input signal amplitude. It is this pulse stretching 

3.]6.7 
I 

TJble 
I 

3.6-3. 

minimurn achievable pulse width error, not the 

of noise and encoding errors. 

Frequency Error 

The Reaper frequency error budget is shown in 

The errors are all relatively self explanatory 

wjth the possible exception of the noise error, which will be 

e IPlained in :::a:::p::t;~l~eck obtains fine frequency informa-

t:i;.on using a modified phase channel, as explained in Sections 

nanosecond delay line is inserted in one input 
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TABLE 3.6-3 REAPER FREQUENCY ERROR BlvGET (WORST CASE) 

MAX. Vi'lLUE RMS VARIANCE 

RF SUbASSEMBLY 

1. Local Oscillator Error +5.4 +3.12 9.72 

IF DECK 

1. Reading Error + .3 .173 .03 -
0 c. Encoding Error + .5 .289 .0834 -
3. Noise Error 1.16 1.35 

TOTAL 3.344 11.1834 

3.344/1800 = .186% 

to the phase detector and the phase of the delayed IF signal 

compared to the phase of the undelayed IF signal. At 20 MHz, 

a phase shift of 

20 x 106 x 360 x 37.5 x 10-9 = 270 0 

results. At 21 MHz, a 284 0 shift is produced, and a 19 MHz IF 

frequency yields a 256 0 phase shift between the two signals. 

yielding a frequency-phase gain of 14 electrical degrees per 

megahertz. But 1 <T phase errors of 16.3 0 are produced by an 

8.86 db signal-to-noise ratio signal. so a worst case noise 

produced RMS frequency error of 1.16 rvlHz can ·be expected. 

This value is shown in Table 3.6-3. The resulting worst case 

RMS error of 0.186% of the received frequency is easily within 

the specification inhibit of 0.3%. 
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3.7 Reaper Effective Sensitivity To Three Emitters 

I 

Of Interest As A Function Of Location 

I 

Figures 3.7-1. 3.7-2. and 3.7-3 show power into 

the Reaper mixer for 

fu~ction of distance 

three different hypothetical radars as a 

from satellite nadir. The characteristics 

oflthe radars are shown below; the transmitting antenna pat

tetns from document AA13009. dated 29 December 1966. were used. 

Ra~ar A is similar to the~I _____ ---"1 missile control radar used 

in the Soviet Union and deployed in other Soviet Bloc countries. 

Radar B resembles the ! f Comrnunist early warn-

ing radar. The parameters of radar C resemble those of the 

i 

height finding radar used in the USSR. The 

in the three figures represent the maximum possible power 

the Reaper receiver; minor lobe peaks on the trans-

antenna patterns were used in all cases. The curves 

plots of equation 3.7-1. 

50X1 

Pr = receiver power. dbm 

PT = transmitter power, dbm 

50X1 
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Transmitting antenna gaJn in ~he di~ection 

of the satellite, db 

Reaper antenna gain in the' direction of the 

transmitter, db 

P.L. = Path loss between transmitting and re-

ceiving antennas, db 

The transmitter power was selected according to radar type. 

GT was read directly from the appropriate antenna pattern con-

tained in Document AA13009. GR was read from the appropriate 

Reaper antenna patterns, and P.L. was obtained from a path 

loss nomogram. 

Figure 3.7-1. Receiver Input vs Distance For Type A Radar 
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A constant orbit altitude of 268 nautical miles 

was used. The transmitting antenna was assumed to be station-

ary with its main lobe perpendicular to the earth radius at 

that point. The plane of the satellite's orbit was assumed to 

include the major lobe so that with the transmitter located at 

the satellite's horizon (approximately 1300 N.rviL from nadir), 

the main transmitter lobe illuminated the satellite. The 

curves show that the types A and C radars can be processed all 

the way from the satellite nadir to the satellite horizon. The 

type B radar can be processed over 75% of the distance from 

nadir to the horizon. 

-
~---~ 
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4.0 DESIGN 

Antennas 
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The basic information upon which the system operates 

is derived initially by the antennas, making the characteristics 
, 

ofithe antenna a vital factor in the system performance. Five 

anfennas, in each frequency band, a+e 

tipn. The phase antennas of one band 

used for phase informa-

are frequency scaled 

sions of the antennas of the other band. Each band 

orporates a sixth antenna which operates in two modes 

ultaneously. One mode supplies amplitude information to the 

sp~rious-identification channel. The other mode, in conjunction 
i 

wilt, h a phase antenna, supplies 

aJplitude-ratio channel. 

amplitude information to the 

The antennas are circularly polarized so that they 

a~e insensitive to variations in polarization of the incident 

w~ve fronts. To achieve a uniform response in azimuth, the 

antennas have conically symmetrical patterns. 

Amplitude-ratio requirements relates the allowable 

sidelobe level of the phase antennas to the pattern of the 

iJhibit antenna over an angle of boresight +70 degrees. Beyond 

t~iS angle, the 

cJnsistent with 

sidelobes should be as low as achievable, 

other requirements, to reduce pattern degrada-

tron due 

4
r
l.2 

I 

~ :~: "''''',',';;1 
':.",'"" "'.,.. . 

~------" 

to antenna environment. 

Design Consideration 

One of the primary problems in designing a cir-

50X1 
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cularly polarized horn antenna is that the amplitude distribu-

tion across the aperture tends to be uniform in the E plane and 

sinusoidal in the H plane. There is a difference in pattern 

characteristic in the two planes as a consequence of the dif-

ference in aperture excitation. This problem is easily over-

come in a linearly polarized antenna by the simple expedient 

of providing different apertures in the two planes. In the 

case of a circularly polarized antenna, however, the problem is 

compounded by the fact that the aperture must be constant for 

any cut through it and must be different for the two polariza-

tions. 

This result was achieved by the use of radial 

fins (septa) within the aperture. Since the septa will short 

out an electric field in the radial directicn and have little 

or no affect on fields transverse to them, it is possible to 

provide an aperture that is larger in theH plane than in the 

E plane which will be independent of the orientation of the 

horn. 

Antenna pattern sidelobes are determined by the 

aperture illumination function. A uniform excitation (such as 

is in the E plane of a horn) results in high sidelobes; a 

tapered excitation (such as is in the H plane) results in a low 

sidelobe level. In the present case, the uniformity of the E 

field was somewhat alleviated by the septa since the observed 

sidelobe values in the E plane were below the level that would 
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Further reduction of the sidelobes and almost com-

pl$te suppression of back lobe radiation was obtained by the 

addition of a choke around the periphery of the horn aperture. 

This choke serves to suppress the currents (induced by the fringe 

fitldS) that tend to flow on the outside walls of the horn to 

crr' ate a back lobe and contribute to sidelobes. 

Two methods of obtaining circularly polarized ex-

cifuation were considered and investigated. The most co~~on 

mebhod for obtaining circular polarization is to launch a 

li~early polarized wave in a circular or rectangular wave 

gU~de and to co~ert to circular polarization by inducing a 90-

derree differential phase shift in one component of the energy. 

Th~S method was investigated first and found to be unusable. 
I 

I The primary problem in this approach was the fact 

th!at a very limited run of waveguide was available to perform 

t~e differential phase shift. It was found that the phasing 

e~ement was extremely frequency sensitive (even in terms of 

tde frequency band of interest) because the wavelength within 

t1e gUide varies appreciably for small frequency changes. This 

m1thod also suffers somewhat in repeatability of the design 

s~nce the adjustment of the phasing elements is fairly critical. 

The second n~thod which has been investigated ~or 

01taining circular polarization avoids the re~irement for 

a substantial length of waveguide by initially launching in a 
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circularly polarized mode. This mode is used in the system. 

Circular polarization is accomplished by equally dividing the 

signal 3 incorporating a 90-degree differential phase shift, 

and launching the two components with two orthogonal planar 

elements. There are two primary problems in this approach: 

obtaining the phase shift and power split" and the mutual 

coupling between the feed elements. 

The first problem was solved by the use of sym-

metrical transmission line couplers. The second problem was 

solved by use of a symmetrical wave launching device. The 

device converts less energy into the higher order waveguide 

modes which provide the coupling between the orthogonal elements. 

Four probes, spaced at 90 degree increments around a circular 

wave guide provide for launching a circularly polarized mode 

and has a symmetry required for low mutual coupling between 

orthogonal pairs. Since each pair of opposite probes penetrate 

the wave guide wall from opposing directions, their voltages 

have a phase relation of lSO degrees producing addition within 

the wave guide. 

A circularly polarized wave is excited in the circular 

waveguide by using four probes, lSO-degree hybrid and two 90 

degree couplers. Stripline construction is used to build and 

connect the various elements, including the probes, without 

utilizing many connectors and line lengths whose dimensions 

are critical. Stripline construction also is capable of a higher 
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degree of repeatability in production units. 

I Dual mode antennas are generally used to generate 

twt patterns simultaneously. One pattern, the sum mode pattern, 

isicharacterized by maximum gain in the boresight direction. 

Th other pattern, difference mode, is characterized by a null 

or minimum gain on axis and the maximum gain occurring at some 

an le between boresight and 90 degrees. 

A 4-arm, cavity backed, Archimedean spiral is one 

of the simplest forms of the circularly polarized, dual mode 

ennas. 

The principle problem arising with this antenna 

is the theoretical consideration that the radiation occurs from 

a one wavelength aperture at all frequencies. This imposes a 

natural pattern, hence a gain limitation, on the antenna 

restricting the use of this antenna to situations wherein the 

p ttern and gain associated with a one wavelength aperture 

a1e 

t1e 

tHe 

suitable. This problem may be overcome to some extent by 

addition of a flare to increase the capture aperture of 

spiral. 

The four arms of the spiral are excited wi h the 

sqme phase relations as described for the 4-probe veed of 

p ase horn to generate the sum mode. For generation of the 

d fference mode, opposite spiral arms are connected in Dhase 

w th a lSO degree relation to the adjacent arms. These relaticns 

a e obtained with the use of three 4-port, lSO-degree hybrids 
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and one 90-degree, 3-db coupler. Tapered lines are utilized 

to match the spiral impedances to the 50 ohm transmission line 

components. 

The gain of an antenna may be specified as a maxi-

mum gain, or the gain may be specified to be the maximum possi-

ble at some angle other than that at which the maximum gain 

oncurs. The aperture size that gives maximum gain at 23° off 

bore sight was determined from an analysis making use of the 

parabolic approximation, and an empirical relationship between 

gain, beamwidth and efficiency. 

Pattern approximation: 

G (Gx) = G(O) - 3(~ )2 
G HPBW 

Gain - Beamwidth Relation: 

where: 

G(Gx) is the gain at some angle in db. 

G(O) is the maximum gain in db. 

Gx is the angle at which the gain is desired. 

G HPBW is the half power beamwidth. 

K is a constant related to the efficiency of the 

antenna 

GE, GH are the half power beamwidths in the E and H 

planes respectively (~ = GH for the purposes of 

the analysis) 

G(max) is the ratio of the gain of the antenna to that of an 
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isotropic antenna: 
I 

I 

G(~x) 

K Go = 10 log G max = 10 log 
(G HPBW)2 

G(G) = 10 log K - 20 Ln G HPBW - 3 (Q,x 
'2"":j ";::G::"::"H=P=B=W......-)42 

is then maximized with respect to G HPBW: 

d G(Gx) 
d G HPBS 

G2 HPBW 

o - 20 
2.3 • 

6(Gx)2 2.3 
20 

1 + 6L9.J{J.~. 
G HPBW ~BW)3 

= 6.9 (Gx)2 

Byl substitution: 

G(i) = 10 log 

Le!t K = 32000: 

K 
0.69(Gx)2 

G(O) 

substitution: 

G(23) 

10 log 32000 2= 13.42 db 
0.69 (46) 

= 13.42 - 3(1 ) = 9.08 db 
-:-69 

o 

There is a loss of 3 db oCQasioned by a circularly 
I 

pqlarized antenna receiving linear polarization so that the 

u~eful gain at 23° is: 

9.08 - 3 = 6.08 db. 

To examine the physical size of the antenna, South-

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

w rthts approximate formula for conical horns is used: 

G = 5 D2 I 

lengths: 

Where D is the diameter in the same '.mi ts as I 
D/).. = 22 = 2. 1 I 

-S 
So that a conical horn of approximately 2 wavelengths 
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The development of the antennas involved a 

considerable amount of experimental investigation. Information 

had been gained in past programs in regard to septa and peri-

pheral chokes over limited bandwidths. For example it had been 

found that 24 septa of a certain thickness and taper provide 

good pattern symmetry whereas 12 septa do not. In a similar 

manner, it had been found that the beam shape is dependent upon 

the height and length of the septa, the total aperture, and 

the horn taper angle. Additionally, all of these factors are 

interrelated to a considerable degree wherein a change in one 

results in changes to one or more of the others. The adjust-

ment of these elements to produce the optimum pattern over the 

bandwidth has been accomplished. 

Figure 4.1-1 presents a set of patterns at three 

frequencies of the high band pnase antenna. The E and H plane 

patterns are overlaid. 

Figure 4.1-2 presents a set of patterns at three 

frequencies of the high band inhibit antenna, sum mode; and a 

similar pattern of a phase antenna overlaid. E and H planes 

are shown. 

Figure 4.1-3 presents a set of patterns at three 

frequencies. The pattern of the high band inhibit antenna, 

difference mode, is shown with a similar pattern of a phase 

antenna overlaid. E and H planes are shown. 
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The development of the transmission line devices 
I 

I 

was accomplished in parts. The stripline 3-db, 90 degree 

couplers were developed. A Schiffman, 90-degree, section was 

thin incorporated to form the 4-port, 180 degree hybrids. 

Pr6be transitions were matched to the waveguide separately. 

The different devices were then incorporated in a single strip-

life corporate feed. 

4 .. 4 Summary of Technical Specifications 

A summary of the electrical specification is 

p sented in Table 4.1-1. Gain is expressed in db above an 

is ropic radiator as measured with a linearly polarized signal. 
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TABLE 4.1-1 ANTENNA CHARACTERISTICS 

i 
IVSWR 
I 

Phase Antenna < 1.5 to 1 (50 ohm ref.) 

52000-R500 
Page 101 

Inhibit Antenna - Sum Mode < 2 to 1 (50 ohm ref.) 

Inhi b j_ t Ante nna Diff.Mode S 2.5 to 1 (50 ohm ref.) 

Coupler S 1.3 to 1 (50 ohm ref.) 

!------------------------------------------------------------
I 
iGAIN: 

Phase Antenna 

Freq me 

2440 

2600 

2950 

Freq me 

1800 

1950 

2100 

Gain db 

7.5 

8.0 

9.0 

Gain db 

7.5 

8.25 

8.9 

Hi Band 

Lo Band 

Freq me 

3100 

3300 

Freq me 

2300 

2Ll-40 

Gain db 

9.75 

10.5 

Gain db 

9·9 

10.5 

,INHIBIT ANTENNA - SUM MODE: Gain < 3 db of Phase Horn 

!----------------------------------------------------------I 

IAXIAL RATIO: 
I 

Phase Antenna < 1. 0 db 

Inhibit Antenna - Sum Mode < 1.0 db 

::;OUPLING RATIO 
All Couplers 

[ 
20 db + 1 db 
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TABLE 4.1-1 ANTENNA CHARACTERISTICS (CONTtD) 

:AMfLITUDE RA TI 0 : 
I 

At the lowest frequency of the band. the gain of the spiral. 

difference mode will be equal to or less than that of the 

phase antenna between the angles of 0 0 and 27 0 or greater. 

etween the angles of 50 0 and 80 0
• the spiral will have the 

reater gain by 4 db or more. 

t the highest frequency. the gain of the spiral. difference 

,ode, will be equal to or less than that of the phase an-

enna between the angles of 0 0 and 20 0 or greater. The 

ain of the spiral will be greater by 4 db between the 

ngles of 35° and 80 0
• Straight line interpretation will 

pply to frequencie s vd thin the band. The above is to 

pply after 3 db has been added to the spiral, difference 

ode. gain. 
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Figure )~.1-3. Spiral Difference Mode Compared to Phase Antennas (Sheet 1 of 6) 
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RF Assembly 

50X1 

4l2.1 

b ndpass 

Introduction 

Functional groups of the RF assembly are: RF 

filter, RF checkout board (RFCO), and the main strip-

l'ne (mixers). Interconnection of the groups is illustrated 

i Figure 4.2-1. The local oscillator (LO) is described in 

S ction 4.3. 

The function of the RF assembly is to detect sig

n ls from any RF source in the frequency range of 1800 MHz to 

3 00 MHz and convert to a lower intermediate frequency (IF). 

desired information on signal parameters is developed from 

IF. 

Detection of the RF signal is accomplished without 

d storting the phase of the arriving signal. Additionally, the 

troduced noise level must be as low as possible. 

The RF assembly operates in two bands. The low 

d covers the frequency range from 1800 MHz to 2440 MHz and 

e high band covers the frequency range from 2440 MHz to 

System operation is checked by feeding a signal 

the RFCO board from a test signal generator on board or 

an external signal generator. The RFCO divides the test 

and amplitude, and distributes test 

RF channel. Equal phase distribution places 

at boresight for all frequencies. 
50X1 
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RF Bandpass Filters 

50X1 

General - Two RF bandpass filters attenuate out-4. .2.1 

ofl-band 
! 

signals by 50 db, minimum. The low-band filter has a 

bandpass from 1.8 to 2.45 GHz and the high-band filter has a 

balndpass from 2.4 to 3.3 GHz. The filters are physically located 

i1 the real/image channel, between the stripline and the Mode 1 

s iral antennas of each band. 

Design Analysis - The filters are designed to at-

t signals outside the passband from 500 to 10,000 Viliz by 

5 db, minimum. This attenuation is accomplished by using a 

b ndpass filter and a low-pass filter in tandem. See Figures 

4.2-1 and 4.2-2. 

The bandpass filter is an 8-element, inter-digital 

a ray with a Chebycheff response. The design procedurel was 

b sed on the use of low-pass prototype filter elements valued to 

g ve the desired bandpass characteristics. 

The inter-digital array has an inherent second 

p ssband centered at three times the center frequency of the 

p ss band. It was therefore necessary to series a low-pass 

f lter to extend the stopband to 10 GHz. 

The low-pass filter design consists of open cir-

c it stubs and quarterwave lengths of high impedance lines as 

s mill in Figure 4.2-3. The cutoff was designed to ensure that 

t e stopband would include the second bandpass of the bandpass 

fOlters. 

lie G. L. Matthaei, llInterdigi tal Bandpas s Filters 11, IRE Transac
tion on Microwave Theory and 'Techniques, Vol. MTT-10, 50X1 

~------~}79-49l, November 1962 
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BAND PASS FI L TER 

50X1 

OP EN CI RCUI T 
STUBS 

--i~- HIGH IMPEDANCE 
ONE QUARTER 
WAVE LENGTH LINES 

LOW PASS FILTER 

CIRCUIT MATERIAL CU CLAD K6098 BY 3M. 
CIRCUIT IS PRINTED ON BOTH SIDES OF BOARD. 

Figure 4.2-3. Stripline Low Band Filter 

Construction methods for both high and low band 

f lters are shown in Figure 4.2-4. The use of air dielectric 

a lows areasonable line widths and spaces on the inter-digital 

arayo The lines are assumed to be solid which is a valid as-

s ption since both sides of the lines are at the same potential. 

A lowance for the dielectric between the ground planes and the , 

resonator ends is made by trimming the resonator ends. Once 

t~e correct length has been determined, printed circuit tech-
! 

n ques allow exact reproductions of subsequent filters. 

To prevent bowing or warping of the printed cir-

c it board, small dielectric supports were placed on the ground 

p ane. 50X1 
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GROUND 
PLANES 

1/32-iNCH SQUARE CIRCUiT BOARD OF 1/32-
DIELECTRIC SUPPORTS INCH CUCLAD K6098 BY 3M 

4.2.2.3 

CIRCUIT IS PRINTEDON 
BOTH SIDES OF BOARD 

Figure 4.2-4. Filter Consiructtor , 

Electrical Performance - Typical results of band-

pass insertion loss, skirt selectivity, and VSWR for high and 

low band filters are shown in Figures 4.2-5 through 4.2-8. 

Electrical characteristics of the filters are tabulated in 

Table 4.2-1. 

4.2.3 RF Checkout Board (RFCO) 

L~.2.3.1 Introduction- The RFCO stripline enables checkout 

of system operation with a single RF source. The input signal 

is divided into 16 equal-phase, equal-amplitude outputs. 

The unit operates over the system RF spectrum; thus 

a single board feeds test signals from either an external test 

generator or the system RF calibrator to both the high and low 

band sections of the system. Signal output from the RFCO is 

injected into the system through a 20-db directional coupler 
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FIGURE 4.2-5. Low Band Filter Functional Test 
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TABLE 4.2-1 RF BANDPASS FILTER ELECTRICAL CHARACTERISTICS 

FUNCTION 

Passband 

Insertion Loss 

Insertion Loss 
in stop Band 

VS'WR 

01 
o 
>< -->. 

TEST DATA 
Lo Band 

1800-2450 MHz 

1.3 db, Normal 

1.7 db, Maximum 

50 db 

1.5 

1.72, Maximum 

SPECIFICATIONS 
High Band Lo Band High Band 

2400-3300 MHz 1800-2450 MHz 2400-3300 MHz 

1.0 db Normal 1.5 db 1.5 db 

1.3 db Maximum 

50 db 50 db 50 db 

1.5 I 1. '7 1.7 

1.60, Maximum 
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in each antenna stripline network. Figure 4.2-9 illustrates 

the RFCO stripline with 50-ohm terminations installed on the 

two unused ports. 

4.2.3.2 Design Analysis - The RFCO stripline consists of 

15 resistively loaded, 3-db power dividers connected to pro

vide the 16 RF outputs. Phase properties of the signals are 

attained by maintaining the equality of the signal path length 

between each power divider. The power divider itself has no 

phase difference between its two output arms. Figure 4.2-10 

shows a swept presentation of phase versus frequency of four 

typical channels of the RFCO board. Phase variation for one 

channel is +3.0°, and phase tracking error between the four 

channels is +1.3°. 

The amplitude of any output port is approximately 

13 db below the input RF signal. Loss of 12 db is attributed 

to the power division in the circuit path, and l-db loss ac-

crcJ.ing due to the dis sipa tion over the RF signal path. In

sertion loss (referred to the input signal) versus frequency 

for a typical RFCO output is shown in Figure 4.2-11. Amplitude 

tracking between any two channels is +0.25 db. 

The VSWR of any output port with all other ports 

terminated in their characteristic impedance3 does not exceed 

a ratio of 1.8 to 1. Figure 4.2-12 shows a swept presentation 

of the VSWR versus frequency for a typical RFCO output port3 

wi th a maximum indicated vmm of 1.5 to 1. 
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Figure 4.2-10. RFCQ Phase vs Frequency 
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3.0 3.1 

Figure 4.2-11. J17 - J1 Insertion Loss vs Frequency 
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Isolation between any two channels of the RFCO 

board is 13 db, minimum, and is based on the inherent isolation 

between the two output arms of a single 3-db power divider. 

4i2.303 Summary of Electrical Design Specification -

T.ble 4.2-2 presents the summarized electrical performance 

specifications for the RFCO. Production assemblies meet the 

requirements established by the design specification. 

4~2.4 

4i2.4.l 

Main Stripline (Mixers) 

Introduction - The main stripline accepts the 

s$ven RF signal inputs from the system antennas plus the in
! 

p~t from the local oscillator, for mixing in the main strip-

1 ne to provide eight intermediate frequency (IF) outputs. 

Five of the IF outputs are amplitude and phase 

m tched to provide signals for direction finding. Two outputs 
I 

a~e amplitude matched with a 90° phase offset to provide a 

ans for real-image detection. The eighth output is amplitude 

tched with the phase outputs and is used for amplitude-ratio 

i hibit detection. A detection circuit is also provided to 

~nitor the level of the LO signal. Figure 4.2-13 shows the 

assembled main stripline. 

4.2.4.2 Design Analysis - The main stripline consists of 

eight balanced mixers and an LO distribution system. The 

is designed to operate over the entire frequency 

ectrum of the system; however, due to the frequency 
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TABLE 4.2-2 ELECTRICAL PERFORJlflANCE SPECIFICATIONS 

RFCO 4124-17100 

TYPICAL DATA 

Slgnal Frequency 1800-3300 MHz 

Impedance 50 ohms 

VSi;\TR: 

output Ports 1.5 to 1 Maximum 

Input Port 2.3 to 1 Maximum 

Insertion Loss 13.3 db Maximum 

Amplitude Tracking +0.25 db 

Phase Variation 

Phase Tracking 

Isolation 

+3.0° 

+1.4° -

13.5 db Minimum 

SECRET 
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SPECIFICATION 

1800-3300 MHz 

50 ohms 

1.8 to 1 Maxlmum 

2.8 to 1 Maximum 

13.6 db Maximum 

+0.5 db 

+5.0° -

+3.0° 

13.0 db flIinimum 
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limitations of the LO and the antennas, two boards are used. 

One board is used with the high-band antennas and LO, and the 

other board with the low-band antennas and LO. 

The mixers are all of the same balanced design, 

using a 3-db broadside coupled, 90° hybrid to accept the RF and 

LO inputs. Matched, Schottky-barrier diodes are used as mixer 

elements. 

The IF signal from the diodes is recombined at the 

input to the IF preamplifier with resultant cancellation of 

the LO noise. Figure 4.2-14 is a schematic diagram of the 

balanced mixer. The coupled hybrid provides a good match to 

the input signal. Normal VSWR is 1.3 to 1. Makimum VSWR was 

set at 1.8 to 1. Figure 4.2-15 shows the VSWR of four typical 

RF input ports across the frequency band. 

6.04k 

...... --f\JVv----o + 12 VDC 

90° 
HYBRID 

COUPLER 

15 pf 

--- -f-""'\I 

Figure 4.2-14. Balanced Mixer 
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Due to the broadband characteristic of the hybrid 

t e mixer output amplitude is level within +2.0 db (See Figure 

4.2-16) and variation of the IF phase angle does not exceed 

+5.0°. Figure 4.2-17 shows the phase performance of both the 
-! 

I 

r~al and image IF signal of a typical mixer across the full RF 

fJi'equency band. 50X1 
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Schottky diodes were selected for their low-noise 

characteristics. The diodes are operated with a fixed-current 

bias due to the minimum LO power limit (-6 dbm per diode 

element). The mixers have a maximum single side band noise 

figure of 8 db vIhen operated vIi th a 1.5 db NF IF amplifier, 
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Figure 4 .. 2-16. Amplitude Variation Wlth LO Fr2qu"'Dcy 
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with a +7 dbm LO input to the stripline. A plot of a typjcal 

mixer NF across the operating frequency appears in Figure 

4.2-18. 

FREQUENCY GH. 

Figure 4.2-18. Noise Figure vs Frequency 

SECRET 
SPECIAL HANDLING 

Approved for Release: 2017/08/16 C05099935 

50X1 

3,4 

50X1 



Approved for Release: 2017/08/16 C05099935 
.., ........ I'\. a;;; I 

SPECIAL HANDLING 50X1 

I In-band spurious signals are at least 55 db below 

the level of a T-min signal. With the addition of the system 

nd pass filter, spurious signals outside the operating fre-

ency band, up to 10 GHz are suppressed at least 70 db below 

e T-min level. Figures 4.2-19 and 4.2-20 show the spurious 

~evels for a typical mixer with the RF bandpass filter installed. 

The LO distribution network of the main stripline 

donsists of six resistively-loaded, 3-db power dividers which 

9ave equal phase outputs and a 3 db coupled hybrid divider 

~hiCh has a 90° phase offset between its outputs. Inter

Jonnection of the power dividers and the mixers is illustrated 

~n Figure 4.2-2l. 

! By precise control of the interconnecting path 

ength, the output of the six mixers from the equal-phase 

dividers have the same phase angle. Figure 4.2-22 shows the 

phase tracking performance three typical mixer outputs which 

supply the system phase information showing these tracking 

within +3.25°. 

Amplitude tracking bet'vJeen the channels is in

herent in the stripline design. Figure 4.2-16 also shows 

amplitude tracking of the IF outputs of three channels of a 

typical stripline assembly. Tracking error is +0.4 db. 
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BALANCED MIXER SIGNAL RESPONSE 
l-----t---t-+-+-t-+--+-----l-++---'----+--+-+-fl+--+~--I-------+--+--I--·...J---j--+--LOW BAND REGION WITH FILTER 

_. -I--'---I--l--I---+---+--I-- SHOWING REJECTION OF SPURIOUS SIGNALS 
1'[OT REFLECTS WORST CASE READINGS 

5.1.....:.12..3,1_-' 42~3;.,:.,2..,.;-__+--+- :2.,4: --i---:~---'i..c.- MIXERS WITH HP 2566 DIODES 
I-f-- . -,..... r.f- '1~5 ON BREADBOARD DUAL CIRCUIT 

1---.+- 20 l---+--+-+-+ 

o i-------
I· 

0.2 I. :y ! I 

Figure 4.2-19. Low Band Mixer Signal Response 
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Figure 4.2-20. High Band Mixer Signal Response 
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PHASE RANGES --1.8 tOl 1.8, 1-18 to + 18,1 and 180 to + 180 DEGREES 
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The 3-db hybrid divider feeds the LO signal to two 

mixers wh:i.ch have a common RF input. The RF is divided in 

equal amplitude and equal phase to these mixers, and the LO is 

injected, w:i.th a 90° phase offset. This provides two matched 

IF outputs, 90° offset in phase, which are used in the real-

image detection function of the system. 

port. 

The LO monitor is located adjacent to the LO :i.nput 

A 20-db d:i.rect:i.onal coupler samples the LO energy and 

couples the sample to a back d:i.ode detector. The detected 

energy provides a voltage output, proportional to the LO power 

level, which is available as a telemetry point. 

4.2.4.3 Summary of Main Stripline Specifications 

Table 4.2-3 presents a summary of the electrical 

performance of a typical main stripl:i.ne assembly and a compari-

son with the design specificagions. 

4.3 

4.3.1 

Local Oscillator Assembly 

Introduction 

The local oscillator frequency range of 1780 MHz 

to 3320 MHz is divided into two frequency band.s. The low band 

frequency covers from 1780 MHz to 2417.5 MHz and the h:i.gh band 

from 2420 MHz to 3320 MHz. Each band :i.s scanned :i.n 2. 5 ~1Hz 

steps generat:i.ng 256 frequenc:i.es :i.n the low band and 361 fre-

quenc:i.es :i.n the h:i.gh band. 
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TABLE 4.2-3. SUMMARY OF VillIN STRIPLINE PERFORMANCE 

I FUNCTION TYPICAL 

V SWR LO Input 1.8:1 

Signal Input 1.5:1 

rise Figure 

Inputs J2-J7 8.0 db 

! Input J8 11.0 db 

nO-RF Isolation 13.5 db Minimum 

tIF Isolation 30. db Minimum , 

hase Variation +3.0° 
I 

thase Tracking +2.75° 

i 

~Plitude Variation +2.0 db 

plitude 

i 

-
Tracking +0.8 db -

SECRET 
SPECIAL HANDLING 

SPECIFICATION 

1.8:1 

1.6:1 

8.5 db 

11.5 db 

13.0 db Minimum 

30.0 db Minimum 

+5.0° -

+5.0° 

+2.0 db -

+1.0 db -
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The system contains two yttrium-iron-garnet (YIG) 

tuned, transistor local oscillators, one for each band, operat-

ing in the fundamental frequency mode. Linear frequency tuning 

is accomplished by changing the current in the tuning coil of 

the magnetic circuit of the YIG oscillator. 

Control circuits for the YIG oscillators consists 

of a ripple counter, digital-to-analog converter for each oscil-

lator, a tuning-current driver for each oscillator and a 

reference-voltage regulator. 

The two YIG oscillators, current drivers, and re-

ference voltage regulator are mounted in a temperature con-

trolled oven. A proportional controller maintains the oven 

temperature at 120°F when the sink temperature is below ap-

proximately IIO°F. 

The output of the low band and high band YIG 

oscillator is connected to the low band and high band receivers, 

respectively. 

4.3.2 Description of Operation 

A block diagram of the local oscillator assembly 

is sho~m in Figure 4.3-1. The low band and high band local 

oscillator control circuitry are similar in design and opera-

tion. Only the low band will be described with high band dif-

ferences enclosed in parentheSis. 

The basic accuracy of the local oscillator fre-

quency and 2.5 IVlliz step is derived in an 8-bit (9-bit) digital-

to-analog converter. The D/A converter receives from the 

I 
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Figure 4.3-1. LO Control Block Diagram 
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data handler a band enable signal and an 8-bit (9-bit) digital 

number from a ripple counter. The 8-bit D/A converter has two 

operational outputs; bias voltage and control voltage. The 

bias voltage is switched on by the band-enable signal. The 

control voltage is a precision staircase voltage that in-

creases in 40 mv (20 mv) steps from zero to 10.2 (7.2) volts 

as the counter advances from a count of zero to 255 (360). 

The outputs from the D/A converter are connected 

to current drivers. The current driver acts as a true tran-

conductance that develops a current through the tuning coil of 

the YIG oscillator proportional to the voltage inputs from the 

D/A converter. Bias voltage from the D/A converter establishes 

a tuning current of approximately 880 milliamperes that sets 

the low frequency of the YIG oscillator at 1780 MHz (2~-20 MHz). 

Control voltage from the D/A converter, a stair step voltage, 

generates the small tuning current steps necessary to increase 

the local oscillator frequency in 2.5 MHz steps. 

Only one band is operable at anyone time. The 

YIG oscillator will not oscillate when the band enable signal 

and the digital number from the ripple counter are all zeros. 

Under this condition, the YIG oscillator tuning current is 

zero. The complete frequency range is scanned by alternately 

scanning the low band and high band. 

The frequency of the local oscillator for any 

count (N) contained in the ripple counter may be obtained from 

the following equations: 
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FLO ( low band) = 1780 MHz + 2.5 MHz (N) 

where: 

N = 0, 1, 2, ••• , 255. 

High Band 

FLO (high band) 2420 MHz + 2.5 MHz (N) 

where: 

N = 0, 1, 2, •.• , 360. 

50X1 

A summary of the local oscillator assembly per

Iormance specification is shown in Table 4.3-1. 

YIG Oscillators 

The local oscillator signal source is a yttrium-

'ron-garnet (YIG)-tlli~ed microwave oscillator. The heart of 

he device is a YIG resonator, the passive element, combined 

ith a single microwave transistor. A matching network pro-

- ides the transformation of the transistor impedance to the 

output load. The resonant frequency of the oscillator is 

~irectly proportional to the magnetic field. The frequency of 

¢peration is varied by changing the current through the tuning 

oil in the magnetic circuit of the YIG oscillator. The out-

ut of the oscillators pass through a ferrite isolator that 

rovides load isolation minimizing frequency pulling, 
50X1 
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TABLE 4.3-1. LOCAL OSCILLATOR PERFORMANCE CHARACTERISTICS 

PARAMETER 

Low Band 

Frequency Range 

Accuracy 

TYPICAL 

1780 to 2417.5 MHz 

+0.1% 

2.5 +0.1 MHz 
-

+0.5 MHz 

+500 F:Hz in 10 Min 

b.F per step 

Repeatability 

Frequency Stability 

Settling Time 
-

Off to 1780 MHz 
2.5 MHz step 

Frequency steps 

High Band 

Frequency Range 

Accuracy 

b. F per step 

Repeatability 

Frequency Stability 

Settling Time 
Off to 2420 MHz 

2.5 MHz step 

Frequency steps 

Power Requirements 

200 Milliseconds 
2 Milliseconds 

255 

2L~20 to 3320 MHz 

+0.15% 

2.5 +0.1 MHz 
-

+0.5 MHz 

+500 ICHz in 10 Min 

200 Milliseconds 

2 Milliseconds 

360 

+15 volts floating at 0.8 watts 
+15 volts at 0.43 watts 
+12 volts at 0.48 watts 
+8 volts at 0.05 watts 
-6 volts at 6.00 watts (average) 

LIMITS 

1780 to 2L~17 .5 MHz 

+0.3% 

2.5 +0.5 MHz 

+1 MHz 
-

+500 KHz in 5 Min. 
-

263 + 32 ms (Max.) 
2 Milliseconds 

255 

2420 to 3320 MHz 

+0.3% 

2.5 +0.5 MHz 

+1 J\J1l1z 
-

+500 KHz in 5 Min. 
-

263 +32 ms (Max.) 

2 Milliseconds 

360 

22 to 29.3 volts (aux. power) at 16 watts at -30°F to 
0.25 watts at 110°F or greater. 
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A YIG oscillator is used for both the low and 
i 

hfgh band. They are similar in design differing only in the 

a~pere-tur"ls of the tuning coil, matching network and YIG 

sphere or resonator. 

j A summary of the YIG oscillator performance 

craracteristics is shown in Table 4.3-2. 

41.3.4 Current Driver 
! 

A functional diagram of the current driver 

iis shown in Figure 4.3-2. Two current drivers are us ed, one 

~or each YIG oscillator. The current drivers are identical 

With the exception of the value of RB and RC shown at the in

ut to the differential amplifier. Only one current driver 

viII be discussed with differences shown in parenthesis. 

RB 

R C 

Figure 

FEEDBACK VOL TAGE 

YIG 
OSC 
COIL 

~- R S 

IC ~ YIG OSCILLATOR COIL CURRENT 
VB = BIAS VOL TAGE FROM Dj A CONVERTER 
RF= FEEDBACK RESISTOR 
RB=BIAS RESISTOR 
RS= YIG OSCILLATOR COIL CURRENT SENSING 

RESISTOR 
Vc= CONTROL VOL TAGE FROM DIA CONVERTER 
RC= CONTROL VOL TAGE RESISTOR 

4.3-2. Current Driver 

+ 

50X1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

seCR~T 
SPECIAL IIANDLIN~ 

,_\~,. \t: 1:;""Er¥~At\~ 
t:';· .'. ,,_ :_~-~ .::t. or,:\..' I 

Approved for Release: 2017/08/16 C05099935 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I -

Approved for Release: 2017/08/16 C05099935 
"''';'''1'\.'';. 

SPECIAL IIANDLINe 
52000-R500 
Page 151 

TABLE 4.3-2. YIG OSCILLA'rCJR PERFORMANCE CH1\RACTERISTICS 

PARAMETER LOW BAND UNIT HIGH BAND UNIT 

Frequency Range 1780 to 2417.5 MHz 2420 to 3320 MHz 

Maximum frequency +.15% to -.05% +.25% to -.05% 
deviation from straight 
line between band limits 
(including temperature 
effects) 

Power Outpu.t 10 mw +3 db 10 mw +3 db 
-

Spurious outputs 
(below main signal) 

Non-harmonically 
related 60 db 60 db 

20+5 Mc from Main 
Signal 80 db 80 db 

Second harmonic 25 db I 30 db 

Third harmonic 50 db 50 db 

Output Impedance (Nominal) 50 ohms 50 ohms 

Residual FM +50 KHz +50 KHz 
-

Frequency Response Time 

2.5 MHz step 2 ms 2 ms 

0 to lower band edge 200 ms 200 ms 

Tuning coil current 880 to 1200 ma 880 to 1200 

Tuning Sensitivity 0 c .. MHz/ma 2.8 MHz/ma 

ma 

DC Oscillator Power 15v floating at 15v floating at 
o .If w 0.4 w 
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The current driver is basically a high power DC 

differential operational amplifier connected in a self-balanced 

fee~back-bridge configuration. It consists of a two stage 
I 

dif~erential amplifier, power amplifier, stable current sensing 

resl,istor and adder network. 

The current driver receives two voltages from 

thl 8-bit (9-bit) D/A converter, bias voltage and control 

vo tage. Bias voltage is applied to resistor RB that un

baances the differential amplifier causing current to flow 

th~ough the YIG oscillator tuning coil and current sensing 

re~istor, Rs, in series with the YIG oscillator tuning coil. 

cuirent through the current sensing resistor, Rs , develops a 

ne4ative voltage that is fed back to the adder network through 
I 

~eldbaCk resistor, RF· Current through the YIG tuning coil 

ln reases until the feedback current through RF and input 

cu1rent through RB are equal at which time the differential 
I 

am+lifier is again balanced at the input. Control voltage 

fr~m the D/A converter is applied to resistor RC causing ad
I 

ditional current to flow through the YIG oscillator tuning 

co~l until the input and feedback currents are again balanced 

atithe differential amplifier input. The control voltage from 

tht D/A 

ch nges 
i 

turing 

tuhing 

converter is a staircase ramp that the current driver 

to a staircase current through the YIG oscillator 

coil. The combined current through the YIG oscillator 

coil has a waveform that rapidly rises from zero to 

50X1 
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approximately 880 milliamperes and then increases in equal in-

crements to approximately 1200 milliamperes returning to zero 

when the bias and control voltage returns to zero. 

A summary of the current driver performance 

characteristics is shovm in Table 4.3-3 

TABLE 4.3-3. CURREN'l' DRIVER PERFORJ.VIANCE CHARl'iC'l'ERISTICS 

PARAMETER 

Bias Voltage (VB) 

(OFF) 

(ON) 

Control Voltage (VC) 

Current Output at 120°F 

VB = 0, Vc = 0 

VB := 10.240 v, Vc :::::: 0 

VB = 10.240 v Vc=10.2v , 
V B = 10.24 v, Vc = 7.2 

LmlT BAND 

o to 1 mv 

10.240 v 

o to 10.200 v 

0 + 10 ma -
880 ma (nominal) 

1200 ma (Nominal 

v 

Response Time (0 to 880 ma) 4 ms 

Linearity (IC vs Vc) +0.05% 

Supply Voltage Stability 0.01 ma/mv 

Temperature Stability (IC) +28 KHz/OF 

Power Requirements +8Vdc @ .08w 
-6Vdc @ 6w 
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HIGH BAND 

o to 1 mv 

10.240 v 

o to 7.200 v 

0 + 10 ma -
880 ma (Nominal) 

1200 ma (Nominal) 

4 ms 

+0.05% 

0.01 ma/mv 

+8Vdc @ • 

-6Vdc @ 6w 
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L .3.5 Digital-to Analog (D/A) Converters 

The D/A converters decode digital inputs received 

from a ripple counter converting them to a precise analog 

\ oltage consistent with the count contained in the ripple 

counter. The system uses two D/A converters, an 8-bit D/A 

( onverter that controls the low band YIG oscillator frequency 

end a 9-bit D/A converter that controls the high band YIG 

(Dscillator frequency. See Figure 4.3-3. 
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I 20 I 
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TYPICAL SWITCH 

2 (N-l)' 

* N c 8 FOR 8-BIT D/A CONVERTER (LOW BAND) 

N c 9 FOR 9-BIT D/A CONVERTER (HIGH BAND) 

R 
y " 

CONTROL VOLTAGE (Vc) 
TO CURRENT DRIV ER 

, . > 
2R 

} ~ 

COMMON 

BAND ENABLE 
"0" OFF 
'1" ON 

50X1 

BIAS 

T 
VOL TAGE (Vs ) 
o CURR ENT 
DRIVER 

Flgure 4.3-3. Dlgltal-To-Analog Converter 
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The D/A converter basically consists of a precision resistive 

ladder network with a solid-state switch for each bit in the 

ladder. The switches operate as a single-pole double-throw 

switch that applies a reference voltage to the ladder network 

in one position and grounds the inptlt in the other position. 

The switches are turned on or off by parallel fed digital 

numbers from a ripple counter. The ladder network sums the 

voltages applied to the network by the switches. The output of 

the ladder network is a staircase voltage that is fed to the 

control voltage input of the cl1rrent driver. Another output~ 

bias voltage~ is derived by switching the reference voltage to 

the current driver when a band enable signal is received from 

the data handler. 

A summary of performance characteristics of the 

8-bit and 9-bit D/A converters are presented in Table 4.3-L~. 

4.3. 6 Reference Voltage Regulator 

The reference voltage regulator provides a pre

cision reference voltage to the D/A converters. A well regulated 

temperature-stable reference voltage is necessary for the D/A 

converters as the local oscillator frequency is directly pro-

portional to the reference voltage. A common series regtllator 

utilizing a two-stage differential DC amplifier~ temperature-

compensated reference diode and sensitor temperature compensa-

tion provides the required stable voltage. 
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TABLE h.3-h. D/A COtNERTER PERFORMANCE CHARACTERISTICS 

PARA!1\1ETER 
1 

I 
Reference Voltage Input 

i (EREF) 
1 

Digital Inputs 
rrCounter 

Band Enable 

Biaf Voltage output 

~!ONrr 

j10FF!! 

control Voltage Output 

11 = 0 

N = 255 (Maximum) 

~T = 360 (Maximum) 

~o. of Voltage Steps 

Voltage per step 

jA curacy 

Terperature Stability 

Pm er Requirements 

+12v 

-6 v 

8-Bit D/A 

10.2ho VDC + 10 mv 

8 bits 

1 

o 
EREF + 2 mv 

o to 2 mv 

0 to 2 mv 

10.2 v 

255 

ho + 2 mv -

+ 0.07% -

+10 fl v /0 F 
-

0.5 w 

0.03 w 

o.oh w/bit 
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9-Bit D/A 

10.2hvDC + 10 mv 

9 bits 

1 

o 
EREF + 2 mv 

o to 2 mv 

0 to 2 mv 

7.2 v 

360 

20 + 2 mv 
-

+0. -

+10 
-

fl v /0 F 

0.5 w 

0.03 itT 
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The reference voltage regulator is housed in the 

local oscillator oven where the operating temperature range is 

controlled between 120°F to 185°F. 

A summary of the reference voltage regulator per-

formance characteristics is presented in Table 4.3-5. 

50X1 
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I 

TABLE LI-.3-5 REFERENCE VOLTAGE REGULATOR PERFOFJvLt'I.NCE CPiliRACTERISTICS 

I 
I 
I 
I 
I 
I 
I 
I 

FUNCTION SPECIFICATION 

Output Voltage 10.240 Volts + 10 mv -
Output Current 0 to 30 ma 

Line Regulation (14.5 V to 15.5 V) +0.5 mv 

Load Regulation (No 
Full Load) 

load to +0.5 mv 

Temperature Stability (80°F to 185°F) +2 mv -

Ripple & Noise Output 0.5 mv P-P (lv1aximum) 

Power Requirements: 

Voltage 

Current 

15 + -

50 ma 
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Temperature Controller 

50X1 

The local oscillator oven temperature is regulated 

by a proportional control temperaturE. controller. The LO oven 

ter· perature is controlled to 120° F when the sink temperature is 

be ow approximately 110°F. At temperatures above 110°F the LO 
I 
I 

oven temperature is not electronically controlled and rises 

above the sink temperature proportional to the power dissipa-

tipn by the local oscillators and LO control circuitry mounted 

inSide the oven. 

A functional block diagram of the temperature con-

trbller is shown in Figure 4.3-4. Four heater blankets are 
! 

BRIDGE 

FEEDBACK 

r - - - - - - - - - - - - - - - - - - - - --, 
I LO OVEN I 
I I 
I I 

I I 
I 

HEAT ER 

THERMISTOR 

I I L ______________________ ~ 

I 
I 
I 

Figure 4.3-4. Temperature Controller 

series-parallel connected and mounted in four cavities of a 

cOlper plate. The heater blankets are the collector load a 

common emitter connected power transistor that is also mounted 

on the copper plate. The power dissipated by the heater blan}:>ts 
50X1 

SECRET 
SP~CIAL HANDLING 

Approved for Release: 2017/08/16 C05099935 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Approved for Release: 2017/08/16 C05099935 
"''''''1'\''. 

SPECIAL HANDLIN6 

OOO-R500 
Page 1 

and power transistor is regulated by control of the power 

transistor base current. A thermistor temperature sensor 

located on the copper plate senses the oven temperature. The 

proportional temperature controller is located in the D/A con-

verter assembly. A resistive bridge circuit of vJhich the 

temperature sensor is one leg develops an error voltage pro-

portional to the voltage difference between the reference leg 

and temperature sensor leg. The error voltage is amplified in 

a differential amplifier and emitter follower that provides 

base current to the heater power transistor. 

The temperature controller and heaters operate 

from unregulated au~iliary vehicle power. 

Power required for the LO oven heater and tempera-

ture controller is a function of sink temp!erature varying from 

16 watts at -30°F to a few milliwatts above 110°F. The LO 

oven is further discussed in the thermal section, paragraph 

9.9·7. 

A summary of the performance characteristics of 

the temperature controller is given in Table 4.> -6. 

-
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I TABLE 4.3-6 TEMPERATURE CONTR()LLER PERFOID'IANCE CHARACTERISTICS 

FUNCTION 

Input Voltage 

Input Current 

Average Power Input @ 23 V @ 
-30°F Sink Temperature 

Oven Temperature: 

(a)-30°F to +llO°F Sink Temp. 

(b)+llO°F to +160°F Sink Temp. 

Controller Cutoff Temperature 

4.4 

4.4.1 

RF Calibrator 

Introduction 

SPECIFICATION 

22 to 29.3 volts 

10 ma to 900 ma 

16 watts 

The calibrator is an RF generator which produces 

simultaneous signals at the following frequencies: 1800 MHz, 

2100 MHz, 2400 MHz, 2700 MHz, 3000 MHz and 3300 MHz + 1 MHz. 

The power on-off and modulation functions are controlled by 

the data handler. 

When the Black Hawk system is energized the data 

handler issues command to apply voltage to the calibrator 

every four minutes and the voltage is applied for eight sec-

onds. During this eight-second period, each time a change 

frequency command (CFC) is issued to the LO, calibrator power 

is commanded for 4 msec. During this 4 msec period mod'Jlation 
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Julses are supplied by the data handler to the calibrator 

every 500 usec at a l-usec pulse width. 

Figure 4.4-1 shows the complete RF' calibrator. 

Figure 4.4-2 is a block diagram of the RF calibrator. 

D 

Figure 4.4-1. RF Calibrator 
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412 Design 

The calibrator signal source is a crystal con-

trolled oscillator operating at 75 MHz. Temperature stable 

corponents 

so that an 

are used to meet the frequency stability desired 

oven is not required. 
, 

l The 75-MHz signal is then multiplied by four in a 

Si
l 

gle transistor stage to obtain 300 MHz. The cw signal from 

t~e multiplier is modulated to produce l-usec pulse every 500 

uJec. 
I 

12 v F 

ELAY 
LOGIC 

PO~ER 
ON-01FF 

I 

75 MC X4 300 MC 
XTAL MULTIPLIER MODULATOR B.P. 

OSCILLATOR FILTER 

ROM MAIN 
POWER 

ON-OFF 

POWER 
ON-OFF 

4 MSEC 

MODULATION 
DRIVER 

MODULATION 

22-50 MSEC 
'----...... fJf-< -----' 

5v .5v ~1- 1 USEC -l I- 500 USEC 

Ov 

Figure 4.4-2. RF Calibrator Block Diagram 
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The modulator consists of a pair of diodes which 

short out the RF path when no DC voltage is applied. The ON-

OFF ratio of the modulator is greater than 50 db. A single 

stage modulator driver controls the diodes from the data handler 

command. A "I" on the command line (5.0 volt) turns the RF on, 

while an !!O" on the command line turns the RF off and no signals 

are emitted. 

The XLI multiplier generates other frequencies a-

long with the desired 300 Mc. These undesired signals are 

eliminated by using a 300 Mc bandpass filter. In this manner 

only the 300 Mc will drive the comb generator. 

The comb generators consist of a single step re-

covery diode (HFA 0182). The output of the diode is terminated 

in a 3 db attenuator. The attenuator provides matching be-

tween the diode and output filter and its DC path furnishes 

the DC return for the step recovery diode. The comb generator 

produces RF signals every 300 Mc across a very wide spectrum. 

Therefore it is necessary to restrict the output frequencies 

by using a RF bandpass filter. 

The RF bandpass filter is an eight element inter-

digital with air dielectric. The RF structure is stripline 

etched on telfon-fiberglass. The construction is similar to 

the filter described in Section 4.2-1. 

The RF spectrum output is ShO'V'ffi in Figure LI. 4- 3. 

The electrical performance data is given in Tables 

h.4-1 and 4.4-2. 
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TABLE 4.1+-1. FREQ"lJENCY DEVIA.I'rON 'lERSUS rI'EIv1PEHATURE 

F'req. .6.F Spurious 
Temp of (GHz. ) .6.F F Level -dbm 

RM 3.299834 0 0 -64 

-30° 3.299863 + 29KHz 8.8 PPM -62 

+165° 3.299810 - 24KHz 7.3 PPM -68 

TABLE 4.4-2. .SPECTRUM POWER VEHSUS TEMPERATURE 

TEMP. 

RM 

-30° 

+165° 

OUTPUT' FREQUENCY 
1.8 2.1 2.4 2.7 

( dbm) (dbm) (dbm) (dbm) 

-26 -25 -30 -34 

-28 -26 -32 -38 

-30 -30 -40 -46 
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I GHz). 
3·0 

(dbm) 

-36 

-40 

-48 
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Intermediate Frequency (IF) Assembly 

Introduction 

50X1 

The IF assembly consists of circuitry required to 

accept signals from the balanced mixers in the RF assembly and 

prrVide the basic 

fO~lOWing outputs 

input functions to the data handler. 

are provided. 

The 

I 

(1) Phase relationships between channels AJ B, 

C, D. and R in binary coded form. 

(2) Absolute amplitude information in binary 

coded form. 

(3) A means of confirming the incoming frequency 

if it is 'wi thin the 20 MHz + 1.75 MHz limits. 

(4) Fine-frequency information in binary coded 

form. 

(5) A Tmin confirm signal which is generated if 

the amplitude of the incoming signal is 

greater than the minimum signal that the 

system is designed t? process. 

(6) A signal-indicate (SI) confirm signal which 

is generated 'when the incoming signal is 

greater than 3 db below Tmino This signal 

initiates system data processing. 

(7) A signal-indicate confirm signal in the 

presence of CWo SI in the presence of CW 

replaces the normal SI and occurs when the 
50X1 
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incoming signal is db greater than the CWo 

(8) A Tmax inhi.bi.t signal which indicates that 

the incoming signal is greater than the 

maximum allowable amplitude that the system 

is required to process. 

(9) An amplitude-ration inhibit if the litude 

of the F2 channel exceeds that of the C 

channel by a predetermined amount. 

(10) A pulse-width confirm if the intercepted 

pulse width is greater than 400 nano-seconds. 

(11) A signal-indicate confirm signal which 

initiates recognizer processing. 

(12) A tlrealll confirm signal when the incoming 

signal is 20 MHz above the local oscillator 

frequency. 

(13) A real-or-image confirm signal when the in-

coming signal is 20 MHz above or below the 

local oscillator frequency. 

(14) A predetected signal whose amplitude, fre-

quency, and pulse width are proportional to 

the incoming signal. Two referenc e tone s 

(6 MlIz and 46.875 kHz) and a 2 -kHz tag 

pulse which indicates that the emitter is 

inside the AIR circle are contained in the 

predetected output. 
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(15) Three amplitude-confirm pulses when the i~-

coming signal is greater than 10, 20, or 

db above Tmin. These signals set predetector 

gain during the record interval. 

(16) A recognizer amplitude-confirm signal whose 

threshold is controlable to 0, 5, 10, or 

15 db above Tmin. 

The IF assembly consists of the following sub

aSI~emblies: Sixteen IF preamplifiers, two pre-amp switches, 

fo~r IF phase channels, one frequency confirm channel, two 
i 

l~g IF amplifiers, one amplitude-ration (A/R) and pulse-width 

c4nfirm unit, one signal-indicate (SI) generator, one real 

a~d image channel, an analog-to-digital (A/D) converter, one 

S~gnal combiner, one quadrature hybrid, one signal recognizer 

uJit, and one predetector unit. See Figure 4·.5-1. 

The preamplifiers, preamp switches, signal com-

r and quadrature hybrid are located on the antenna side 

the unit. The remaining subassemblies are located in four 

a jacent chassis mOl..L.'1ted on the reverse side of the un:i.t. 

gnal coupling between subassemblies is accomplished with 

cables. 

Four techniques are used to insure temperature 

stability in the IF assembly. First, each circuit has been 

tj~,~.f,~ ~." -..:l ' -.- -, 

using temperature-stable configurations, where 

without compromising performance. Second, tempereture 

"-------------" 
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se itive resistors (sensistors) have been used in circuits 

ch require a positive temperature-coefficient. Third, 

50X1 

di des are used for compensation where negative temperature-

co fficients are needed; and fourth, thermistor-sensitive-

rid combinations are used where non-linear compensation is 

re 

Decoupling networks have been used throughout the 

IF assembly to provide isolation between states and to serve 

as a path to ground for any signal that might be on the power 

libes coming to the IF assembly 

4.15. 2 

4.5.2.1 

Preamplifier Subassembly 

Introduction 

The system contains sixteen preamplifiers of which 

eight are used for each RF band. The preamplifiers are pack

aJed in three separate housings mounted around each stripline 

a4SemblY. The circuitry is a three-stage modular design. 

I In the first module, a tuned input transformer 

t1kes the output from the balanced mixer and couples it into a 

h~gh-gain, low-noise stage. A neutralization loop is incor-

p~rated to increase the amplifier stability. Negative feedback 

f 10m the output network is used to provide a low input impedance, 

t~ increase the dynamic range, and to stabilize the circuit for 

t1mperature and bandwidth variations. A resistor coupled to 

tte center tap of the input transformer provides a path for 

m xer diode bias. 
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The second module has a tuned transformer for 

additional selectivity. This transformer has two outputs. 

The first is a narrow band output which is applied to the 

succeeding amplifier and the second is a wide band auxiliary 

output which is used to drive the predetector. This second 

output is internally terminated in all preamps except the two 

(one in each band) used for derivation of the predetected sig-

nal. The amplifier in this module is used mainly as a buffer 

stage. Negative feedback from the collector circuit, and 

emitter degeneration, are used to decrease gain and provide 

greater isolation, to increase the dynamic range, and to 

stabilize the grounded emitter type circuit for temperature 

vari ations . 

The third module has a tuned circuit which further 

reduces the noise bandwidth and couples to the output emitter 

follower stage. The emitter follower stage has provision for 

gain adjustment of the preamplifier and provides current drive 

for the switching diode in the following combiner and attenua-

tor subassembly. 

4.5.2.2 Summary of Technical Specifications 

Pertinent electrical specific ons are presented 

in Table 4.5-1. 

4.5.3 Signal Combine r Subassembly 

~.5.3.1 Introduction 

The signal combiner subassembly contains nine 

identical modules. Each module consists of an inDut diode 
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TABLE 4.5-1 PREAMPLIFIER SPECIFICATIONS 

FUNCTION 

Dynamic Range 

Band Center 

Bandwidth (3 db) 

Gain 

Linearity 

Noise Figure 

Input Impedance 

output Impedance 

CHARAC'I'ERISTIC 

-95 to -45 dbm 

20 lvffiz + O. 2 MHz 

Norma.l 6 to 6.5 Ivfrlz 
Pre-D App. 10 MHz 

34 db + 1 (nominal) 
into a-50 ohm load 

+0.25 db over the 
dynamic range 

2 + 0.3 db 

Approximately 70 ohms 
balanced to the 
crystal mixer 

50 ohm resistive 

sw"tch, an amplifier and a remote control attenuator. The 

pr::;amplifiers from each band feed their outputs to this sub-

assembly. The signal utilized by the predetector uses the 

ni~th module. Band switching is performed at the inputs to 

ea~h module by switching diodes in series with each input ter 

mi~al. The remote attenuator function operates simultaneously 

in each module when commanded the data handler. Two 5-db 

levels of attenuation are provided when a logic 1 is fed to 

either terminal E4 or E3. 
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The internal functions of each module are di ded 

into three sections. The input and switching section, the am-

plifier and attenuator section, and the output section. 

The first section contains the input diodes and 

their cornmon d-c loa.d resistor. The signal is capacitively 

coupled. into the amplifier section through the series TIC net-

work which is designed to transform the input impedance of 

the amplifier to 50 ohms resistive. Band switching in each 

channel is performed by the input diode whenever current drive 

is provided by the preceeding preamplifier. The preamplifier 

in the other band is simultaneously turned off removing the 

current drive to the alternate input diode causing this input 

to be shut off by back bias from the !lon!! preamp current drive. 

Transistor Ql, the second section amplifier, pro-

vides signal gain to overcome circuit losses and boost the 

overall channel gain. It is a grounded base amplifier which is 

c acitively coupled to the attenuator series-resistance arm. 

The attenuator shunt resistances are switched in by switching 

diodes whenever current drive is fed into either control termi-

nal E4 or E3. 

The third section is direct coupled output 

emitter follower amplifier, Q2, which provides power gain and. 

buffering between the attenuator network and the 50-ohm output 

circuit. 
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Summary of Technical Specifications 

50X1 

Pertinent electrical specifications for a typical 

ch~,nnel are presented in Table 4.5-2. 

TABLE 4.5-2 SIGNAL COMBINER SPECIFICA'l'ION 

FUNCTION 

Dynamic Range 

Attenuation Control 

Bandwidth 

Gain 

Input Impedance 

output Impedance 

4.5.4 

4.5.4.1 

Hybrid Subas sembly 

Introduction 

CHARACTERISTIC 

-60 to -20 dbm 
-55 to -15 dbm 
-50 to -10 dbm 

0, -5, -10 db 

(-3 db pOints) 
8 to 32 MHz 

10 db Max (nominal) 
into 50 ohm load 

Approximately 50 ohms 
resistive 

(Same as above) 

The hybrid subassembly contains four modules. 

SEe F'igure 4.5-2. Module A-2 contains a four-port quadature 

h~brid specifically designed for the 20 MHz IF band center and 

a 50-o11ID coaxial line impedance. Modules AL A3, and A4 are 

icentical IF amplifiers as used for the first IF amplifier in 

tre phase channel subassembly. This subassembly provides the 

be.sis for real or image signal identification by sensing the 

pl,ase of the incoming signal from the signal combiner sub-

50X1 
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OO-H500 
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E~ A-l r5 
I.F. AMP ~J-4 

El 
A-2 
QUAD. 

HYBRID 

A-3 
I.F. AMP 

A-4 
I.F. AMP 

E3 

E5 

E5 

FIGUHE 4.5-2 HYBHID 

-

J-5 

J-6 

assembly. :filor a !!reall! signal a qU8,da,ture phase shift is 

developed in the stripline between channels Fl and FIS' The 

output from the mixers is fed to the preamps and combiner sub-

assembly for these two channels. Delayed channel FIS is fed 

into J-2 while the in-phase signal of channel Fl is fed into 

J3. This signal condition is phase shifted through the Module 

A-2 quadature hybrid and amplified. The phase-boosted signal 

is amplified through .1:',-3 and fed to J -5 while the pha se-nulled 

signal is amplified through A-4 and fed to J6. 

The II real!! signal crea te s an output at J -5 which 

is greater than 26 db above the low output at J-6. When an 

image signal enters the stripline subassembly, reversed phase 
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ch racteristics are developed through the F channels which 

se the output amplitudes to be reversed. The output at 

is then 26 db over the output at J-5. 

These signals are fed to the following log IF sub-

for each channel. 

The amplifier in module A-l equalizes the gain to 

log IF in channel C. 

.4.2 Summary of Technical Specifications 

Pertinent electrical specifications is presented 

Table 4.5-3. 

TABLE 4.5-3 HYBHID SlJBASSE:f\1BLY SPECIFICATIONS 

FUNCTION CHARACTEHISTICS 

Input Level (all jacks) -10 dbm Max. 
-60 dbm Min. 

Bandwidth J-l Input) (Approx. 10-30 MI-iz 
at -3 db points) 

J2 & J3 InputsJ 20 + 4 MJ-Iz 
at -=-3 db 

Gain Jl InputJ 17 db 

J2 & J3 Inputs J 2C db 

Phase Quadature gOo + 3° 

Impedance Input and Outputs, 50 ohms 
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Preamplifier Switch Subassembly 

Introduction 

52000-R500 
Pnge 17'7' 

The Preamplifier Switch Subassemblies switches the 

+12 volt power to the eight preamplifiers in each band. Two 

preamplifier switch assemblies are used, one for each band. 

The switch is controlled by a logic input from the digital sub-

assembly. Only one switch at a time is commanded lion. 'I 

The preamplifier switch is constructed in a one 

module subassembly that is mounted with the preamplifiers for 

each band. The circuit consists of three stages. The first 

stage is an emitter follower amplifier that provides isolation 

and power gain to prevent loading of the digital com.''lland. Its 

output is direct coupled through a current limiting resistor 

to a saturating driver amplifier) Q2. The third stage is a 

switching transistor which is driven into saturation for turn-

on when 

4.5.5.2 

is saturated. 

Pertinent Data 

Ti\BLE 4.5-4 PREAMP S~HTCH SPECIFICA'I' 

Input: 

output: 

Logic "oneil 
4.0 + O. 

+11.7 -+- 0.5V 
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Intermediate Frequency (IF) Phase Channels (51000) 

Introduction 

The four IF phase channels and one frequency con-

firm channel are located in the IF assembly and receive input 

sifnals from the signal combiner which in turn receives inputs 

frpm the preamplifiers. The IF phase channels and frequency 
I 

firm channel perform the following functions over the 40-db 

amic operating range. 

(1) Provide dc levels with the amplitudes 

proportional to the corresponding input 

signal phase. 

(2) Provide a video pulse J the amplitude of 

which is proportional to the IF frequency. 

(3) Provide the frequency confirm signals. 

(4) Provide the log IF subassembly with a linear-

ly amplified signal from channel C for ampli-

tude measurements. 

(5) Provide the signal-indicate generator with 

a signal from channels A, BJ CJ and D. 

Each phase channel contains certain basic modules 

ttat are used in each of the fo~ phase channels. HoweveG 

01e channel is different in the way that it is internally con

n~cted. In this portion of the report, a modular breakdown 
, 

d~scription of phase channel A which is considered to be a 
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typical channel, is discussed. Also, discussion follows des-

cribing how each individual phase channel differs in perform-

ing its function in the System. See Figures 4.5-3 and 4.5-4. 

4.5.6.2 Channel A 

Channel A receives the 20 MI-Iz signal from the 

channel A preamplifier through the signal combiner. 'I'hese 

signals are amplified in the first and second IF amplifiers 

and limited in the first and second limiters. A boresight 

module between the first and second IF amplifier serves to ad-

just the phase of the signal. The signals at the output of 

the second limiter are then restored to sine wave form by the 

phase channel filters. The signals at this point have a maxi-

mum peak-to-peak amplitude of 2.2 volts and will vary only 

5 db over the 40 db dynamic input range. The channel A filter 

output is coupled to four different points, two internal and 

two external to the channel. 

One of the external outputs is not used. The 

other is coupled by a coaxial cable to the SI generator. One 

of the internal outputs goes through the gOo phase shifter to 

a third limiter, third limiter amplifier. high level amplifier, 

squaring circuit and to one input of a phase detector. This 

signal is called A2. The signal that is coupled directly to 

a third limiter, third limiter amplifier, high level amplifier, 

squaring circuit and to one input of the second phase detector 

is called AI. 
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A signal from the filter of channel R is coupled 

into channel A and continues to a third limiter, third limiter 

amplifier, high level amplifier, squaring circuit and then to 

ont input of each of the two phase detectors. This signal is 

called Rl' The output of the first phase detector is called 

AliI and the output of 

A2fl' The AIRI signal 

tol the sample and hold. 
! 

the second phase detector is called 

is coupled to a DC amplifier and then 

Here it is gated and held then coupled 

by coaxial cable to the AID converter. A2Rl also goes to a 

DCi amplifier and sample and hold A2R2 is also coupled by 

coaxial cable to the AID converter. 
! 

4 •. 6.2.1 First IF Amplifier Module 

The first IF amplifier is a linear, untuned, ground-

ed base amplifier. The input impedance is set to give a 50-ohm 
I 

istive load to the coaxial line from its respective signal 

biner output. Wide bandwidth, minimum phase distortion, and 

d temperature stability are obtained with this RC coupled 

a lifier. A power gain of 17 db with an upper (3 db down) 

roll-off frequency of 28 MHz is obtained with this circuit. 

A amplitude change of less than +0.5 db is maintained over the 

te~perature extremes. The output consists of two emitter 

foillowers which provide isolation for coupling to the boresight 

ml'dule and to the log IF subassembly. 

b resight is taken from the output of 

e . while the output to the log IF is 

the second emitter follower. 

The signal output to the 

the first emitter follow-

taken from the outDUt of 
50X1 
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From the first IF amplifier) the signal goes on 

to the boresight module. Any phase difference between channels 

occurring through the IF phase channel or differences in phase 

arrival from the RF Assembly Unit are corrected by this circuit. 

The boresight amplifier is a split load inverter circuit in 

which the normal and phase inverted signals are combined 

through an RC phase shifter into one phase controlled output. 

The phase inversion is made greater on the collector output so 

that no signal loss occurs through the circuit. The boresight 

adjustment is made by trimming capacitor, Cl , The normal 

range of adjustment is +100 at the 20 MHz band center fre

quency. Bandwidth is kept to a 28 MHz roll-off (-3 db) fre-

quency by use of low collector load resistance which is direct 

coupled into the input emitter follower of the second IF 

amplifier. 

4.5.6.2.3 Second IF Amplifier Module 

The second IF amplifier is also an untuned, RC 

coupled grounded base amplifier. It consists of three stages; 

the first stage is an emitter follower which receives its 

operating bias from the boresight module and provides the 

imDedance transfer and power gain required to drive the low 

input impedance of the second stage. The second stage is the 

grounded base amplifier which is direct coupled to the emitter 

follower output stage. 
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Wide bandwidth and low phase distortion wjth good 

temperature stability are obtained with this design. A power 

gain of 17 db is obtained with an upper (-3 db) roll-off fre

quency of 28 MHz. An amplitude change of less than +0.5 db is 

maintained over the required temperature range. The output 

emttter follower stage drives the first limiter 

ch nnel. 

4 .. 6.2.4 First Limiter Amplifier Module 

in the phase 

The first limiter amplifier (Figure 4.5-5) is 

baisically a standard amplifier consisting of a common collector 

a1plifier driving a DC coupled coro~on base amplifier. The 

irput of the first limiter varies over a 40-db dynamic range. 

INPU 

2K 

---I 

~6V 

Ql 

.......- MATCHED 2N918 

10 10 Q2 

lK 

-6V 

Figure 4.5-5. First Limiter 
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The output is. limited over the top 17.5 db of dynamic range and 

decreases in a linear manner for signals below this level. fhe 

limiting on the positive half cycle of the incoming signal is 

obtained when the common collector amplifier emitter goes 

positive, with respect to the emitter of the common base 

amplifier, and causes the common base amplifier to be cut off. 

The limiting on the negative half cycle is obtained by the 

input signal driving the common collector amplifier to cut 

off. The current in the common base amplifier is then limited 

by 1 K resistor in the emitter circuit, which prevents the 

amplifier from saturating. The resistor in the base of the 

common base amplifier is AC by-passed; and selected so as to 

provide a constant zero cross over point of the AC sjgiLdl over 

the dynamic range. The module has a 17-db gain when it is 

not in the limiting conditions. 

4.5.6.2.5 Second Limiter Amplifier Module 

Since the first limiter has 17.5-db limiting its 

output will vary by 22.5 db for a 40-db change in the input. 

The second limiter also has 17.5-db limiting. Therefore, the 

22.5-db change at the input results in a 5-db change at the 

output. This means that for a change on the input of the 

first limiter amplifier of 40-db, the output of the second 

limiter amplifier will change by 5-db. The output of the 

second limiter amplifier will vary in a linear manner below 

the limiting level. 
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4 .. 6.2.6 Filter Module 

The purpose of the filter in the IF phase channel 

is to restore the signal that has been limited in the first 

second limiter amplifiers to a sine wave. The filter is 

a ow pass filter designed to be 3-db down at 20 MHz; attenua-

g at a rate of 12-db per octave. The signal at this point 

uld be a sine wave for two reasons. (1) The gOo phase 

needs a sine wave input in order to operate properly, 

since the signal is transferred from one subassembly 

to another, it must be a sine wave in order to prevent phase 

distortion. A darlington circuit is used in the output for 

a low impedance driving source. 

4.5.6.2.7 goo Phase Shifter 

The gOo shifter is placed in one of two identical 

c"rcuit branches driven by the filter. The phase shifter is 

u obtain a second phase difference curve for referencing 

p rposes. A phase splitting circuit is used in which the 

signal and emitter signal are summed through a resis-

t r-capacitor combination to obtain the desired gOo shift. 

T e transistor itself will also have a shift or delay, and 

t is delay will be frequency sensitive. To compensate for the 

e fect that the transistor will have, another transistor 

a plifier is used. The input to the transistor containing 

t e phase shifting network is also coupled to the other ampli-

f er in such a way that the only thing affecting the phase 

I 

I 
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The third limiter provides approximately 10 db 

limiting. The limiting is accomplished by biasing a PNP 

emitter follower, 0.2 volt above cut-off, followed by a NPN 

emitter follower biased 0.2 volt above cut-off. The result of 

this limiting is to produce a square wave that is 0.4 volt 

peak-to-peak. The input of the third limiter comes from 

either the 90 0 phase shifter or the filter. It has a maximum 

input of approximately 2.2 volts and decreases to 1.0 volt at 

the lower end of the 40-db dynamic range, which is sufficient 

drive for the follmAJing third limiter amplifier. 

4.5.6.2.9 Third Limiter Amplifier Module 

The third limiter amplifier is a standard ampli

fier with a gain of approximately 14 db. Its output is con-

stant at approximately 1.9 volts. 

4.5.6.2.10 High Level Amplifier Module 

The high level amplifier is a standard amplifier 

that is driven into saturation to produce an output voltage of 

6 volts peak-to-peak. Its gain is approximately 10 db. It 

is used to drive the squaring circuit. 

4.5.6.2.11 Squaring Circuit Module 

The squaring circuit has an input signal of 6 volts 

peak-to-peak and produces a square wave of 2 volts peak-to-peak 

from its output. The first transistor is an NPN emitter follow-

....•. ·1 
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er;that is biased to 1.0 volt on its emitter. I,',ihen the input 

go~s negative by more than one volt, the transistor is cut off. 

Th~ emitter of the NPN transistor provides the bias for the 

second transistor, which is a PNP. The emitter of the PNP is 
! 

co~nected to a positive voltage source through the emitter 

re~istor. The voltage source is adjusted so that the voltage 

drfP across the resistor is 1.0 volt. As the signal on the 

PNr base goes more than 1.0 volt positive, the transistor is 

cut off, producing a 2-volt peak-to-peak output signal that is 

a ~quare wave with rise and fall times in the order of 3 to 5 

c. This output is one of the signal inputs used by the 

se detector for phase difference measurements. 

.6.2.12 Phase Detector Module 

Phase measurement is accomplished by measuring 

difference in signal arrival in one channel with respect 

another. Phase measurements are made by utilizing the in-

s and outputs of four IF channels and one frequency confirm 

nnel. Outputs are available to indicate the phase differ-

ence between channels A-R, B-R, R-C, R-D. As can be noted in 

t e Figure 4.5-2, there are three sets of identical circuitry 

consisting of a third limiter, third limiter amplifier, high 

I 
le!'vel amplifier, and a squaring circuit. Two of these branches 

delri ve their inputs from wi thin that channel, while the remain-

iqg center branch obtains its input from a filter located in 

a90ther channel which is to be phase compared. The externally 
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fed branch is an input source to both phase detectors. It 

should be noted that one of the branches in the reference 

channel described above is shifted by 90 electrical degrees, 

for reasons to be discussed later, with respect to the branch 

which obtains its input from the same place. 

To designate that a signal has been delayed 90 

electrical degrees, the subscript 2 is added to the designation 

of the channel. If the signal has not been shifted by 90 0
, 

the subscript 1 is added. For example, A0 means that this sig-
c. 

nal has been delayed 90 0 with respect to AI. Signals arriving 

at the phase detector are 20 M::Sz square waves, which are 

symmetrical about zero. 

To measure the phase difference between A and R, 

the following process occurs: Signal, AI' (Figure 4.5-6) is 

fed into input #1 of the phase detector, while another signal, 

Rl, is fed into input #2. The two input signals are applied to 

the bases of two transistors which are connected in an emitter 

follower configuration and share a common emitter resistor. 

The operation of the circuit depends on the emitter following 

the base voltage of the transistor that is the most positive. 

As long as one transistor is conducting there will be an out-

put. If both inputs are in phase, the output will be a square 

wave symmetrical about the zero axis. 'l'his signal is integrated 

by a 200-ohm resistor and a 120-pf capacitor. Because this is 

a waveform symmetrical about zero, the in-phase pulse will 

50X1 

'';'':,''''~"'<'''\'i- J" " 

...... SECRET 
SPECIAL I-IANDllNG 

Approved for Release: 2017/08/16 C05099935 

50X1 



:,. ", .----, , 

~""" 

.lid 47 

Approved for BeJ.e'!.s~~ ~.o17 108/16 C05099935 

SPECIAL HANDLING 

+6V 

50X1 

.11,1 47 

INPUT o---l Ql Q2 

1 21'4918 21'4918 J-I--+----4 j-----'vvv-o IN PU T 
,2 

I 
I 1% 1% 

-
200 

560 

r -

- -6V 

Figure 4.5-6. Phase Detector 

egrate to zero. As the phase difference between the two 
I 

in ut signals increases, the integrated phase detector output 

signals increases up to a difference of 180°. At 

time, the integrated output starts decreasing and reaches 

o t 360°, This output is called AIR1 . The process by which 

phase difference measurements are achieved in the phase 

de ector is illustrated in Figure 4.5-7. A plot of phase 

di~ference AIRl versus output voltage is illustrated in 

Figure 4.5-8. 

i 
Since the output increases with phase difference 

I 
be~ween 0° and 180° and decreases between 180° and 360°, the 

response of the phase detector is ambiguous when the phase 
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Figure 4.5-8. Phase Detector Response Curve 

d'fference is greater than 180°, To correct this ambiguity 

provide phase difference measurements over 360°, one of 

reference channel branches is delayed by 90° to produce an 

i put to the second phase detector of A
2

, The inputs to this 

p ase detector are Rl and A2. Its output follows the phase 

shown in Figure 4.5-8. 

An example will be cited here to illustrate how 

tn-e ambiguity is removed from the phase difference curves. If 

tn-e signal into channel A is not displaced by 90° from the 

ilput to channel R, it is impossible to determine from the 
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AIHI output phase curves (Figure 4.5-8) whether this signal 

phase difference is gOo or 270°. By looking at both curves, 

AIHI and A2Hl , it can be seen that at gOo AIHI reads 2.5 volts 

while A2Hl reads -2.5 volts, which distinguishes it from 270°. 

The latter reads +2.5 volts on AIHI and +7.5 volts on A2Hl' 

The data handler phase combiner section uses this principal in 

decoding 360° of unambiguous phase information. 

The following relative phase difference signals 

4.5.6.2.13 DC Amplifier Module 

The DC amplifier is a grounded base linear ampli-

fier that amplifies the integrated output of the phase detector 

in such a manner that a 0° phase difference represents a pre-

determined level at its output. At a 180° difference, the 

output is greater than 8.5 volts for the fine channel (6.25 

volts for the coarse channel). The emitter resistor is selected 

to set the 10vI level point, "while the collector resistor is 

selected to provide the proper volts-per-degree phase slope. 

Fine phase slope is lBo/volt; coarse phase slope is 28.8°/volt. 

4.5.6.2.14 Gate Driver Module 

This module is a sl,'Ji tching circuit where the load, 

a phase output gate, is transformer coupled in series with the 

switching transistor. This circuit provides power to open the 

two phase output gates in a phase channel. The gate-width 
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gererator in the R/r subassembly furnishes the timing pulse 

for driving the circuit. 

4.5.6.2.15 Sample and Hold No. 1 

The input signal to the samDle and hold is direct 

co pled to the DC Amp No. 1 or No.2. The gate driver triggered 

by the phase gate pulse serves to open the sample gate for 

200 nanoseconds which allows the !lholdl! capacitors to charge 

to the gated level. 

The first transistor stage in the sample and hold 

constant current generator which serves to subtract 

!lpedestal ll voltage from the incoming signal. 

The sample and hold output circuits serve to pre

a high impedance to the I!holdl! capacitor and a low imped-

to the commutator gate. 

4.5.6.3 Channel B 

This channel (Figure 4.5-3) is similar to channel 

A The filter of channel B has four outputs, two internal. and 

t '0 to external connections. One external connection is not 

u ed and the other output goes to the signal indicate generator. 

T_e two internal outputs are coupled to the 90 0 phase shifter 

a d a third limiter, the same as in channel A. Therefore, one 

p ase detector has Bl for an input and the other phase detec-

t r has B2 as an input. Channel R couples a signal into 

cannel B. This signal, after passing through a third limiter, 

t ird limiter amplifier, high level amplifier and squaring 

[ ~] 
I 
! 
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circuit, is coupled to the remaining inputs of the phase de

tectors. Channel B produces signals known as BIR1 and B2Rl . 

These signals are amplified, gated and held, and coupled to 

the AID conv~rter. 

4.5.6.4 Channel R 

Channel R (Figure 4.5-3) is the same as channel A, 

except that the phase filter has three external outputs. The 

phase filter also has two internal outputs. One of the exter-

nal outputs is coupled to channel A, another to channel Band 

the third to channel C. The other two internal signals are 

coupled to the 90° phase shifter and the third limiter, as in 

channel A. Therefore, the signal on one input of one phase 

detector is R0 and the signal on the input of the second phase 
c 

detector is Rl' Channel D couples a signal into channel Rand 

travels the same path as the Rl signal that was coupled into 

channel A. This signal is coupled to the other input of the 

phase detectors and is known as Dl' The outputs, RIDI are 

amplified, gated and coupled to the AID converter. 

4.5.6.5 Summary of Technical Specifications 

Pertinent specifications for the IF phase channels 

(A, Band R) are presented below in Table 4.5-5. 

TABLE 4.5-5 IF PHASE CHANNEL SPECIFICATIONS 

INPUT POWER 

+6 volt 

+12 volt 

-6 volt -1--8.0 volt 

+15 volt 
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ase Output 

(Qhannels A, B, R 

o~tput to Log IF 
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Omtput to SI 
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TABLE 4.5-5 (Cont'd) 

40 db 
1.10 mv to 110 mv peak-to-peak 
0.4 usec to cw 
less than 5.0 usec 

20 MHz + 2.0 MHz 
+6.sv video pulse, 200 ns 

Amplitude -2.5 to +7.5 volts 
(Related to Phase Difference) 

20 MHz Linear 0.008 to 0.8 volt 
peak-to-peak 

20 MC 
1.3V peak-to-peak @ Tmin 

4 5.7 

4 5.7.1 

Intermediate Frequency (IF) Phase Channel (51100) 

Introduction 

This channel is similar to Channel A (51000) ex

c~pt in the internal connection of the phase filter and exter-
I 

n~l connection of the reference 3rd Limiter. The phase filter 

h~s two outputs connected externally. One output is connected 
, 

erternallY to the SI generator and the 

tfrnallY to its own reference input. 

4!.S.7.2 Channe: C 

other is connected ex-

Channel C is shown in Figure 4.5-4. The first IF 

A~plifier has an output coupled to the Log IF subassembly. 

Cpannel R couples a signal into channel C and this signal 
i 

travels the same path as the two internal signals from the 
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phase filter in channel A. The same method used in channel A 

to produce A2 is used in channel C to produce R2. Two outputs, 

RICl and R2Cl' are amplified, gated and held and coupled to 

the AID converter. 

4.5.7.3 Summary of Technical Specifications 

Pertinent specifications for the IF Phase Channel 

C are presented in Table 4.5-6. 

TABLE 4.5-6 IF PHASE CHANNEL C SPECIFICATIONS 

INPUT POliJER 

+6 volt 

+12 volt 

INPUT SIGNALS 

Dynamic Range 
Input Level 
Pulse Width Range 
Recovery Time 
Frequency Confirm 

Bandpass 
¢ Gate Pulse 

OUTPUT SIGNALS 

Phase Output 

Output to SI 

Output to Log IF 

-6 volt 

+15 volt 

+8 volt 

40 db 
1.10 mv to 110 mv p-p 
0.4 msec to CW 
less than 5.0 usec 

20 MHz + 2.0 MHz 

-8 volt 

+6.5V video pulse, 200 ns 

Amplitude -2.5 to +7.5 volts 
(Related to Phase Difference) 

20 MHz, 1.3V p-p @ Tmin 

20 MHz Linear 0.008 to 0.8 v p-p 
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4.~.8 IF Frequency Confirm Channel 

4.5.8.1 Introduction 

There is one frequency ::onfirm channel and it 

receives its signals from one of the phase antennas, Like the 

ph~se channels, it receives its signals thru the signal 
I 

biner. The frequency confirm channel performs the follow-

functions over the 40 db dynamic operating range. 

(1) Provides reference signals to the R 

phase channel for input signal phase 

information. 

(2) Provide a video pulse~ the amplitude of 

which is proportional to the IF frequency. 

(3) Provide frequency confirm signal. 

(4) Provide the signal indicate generator 

with a signal for 81 

4.5.8.2 Channel D 

This channel (Refer to Figure 4.5-9) is similar 

to channel A through the lter circuit. The channel D filter 

also has four outputs. One external output is coupled to 

R and the other is coupled to the 81 generator. 

A output is coupled internally to a third limiter, third 

amplifier~ high level amplifier, squaring circuit, and 

t a phase detector. The fourth output of the filter is 

c upled to a 37.5 nsec delay line, third limiter, third limiter 

high level amplifier, squaring circuit, and to the 
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phase detector. The fixed delay (37.5 ns) produces a phase 

delay which is a function of frequency. The phase detector 

output varies in amplitude as a function of frequency. The 

output is coupled to a DC amplifier) gated and then coupled 

to an amplitude sensor module and to a clamp and amplifier 
I 

m1dule. A plot of the output voltage versus the incoming IF 

ffequenc y is shown in Figure 4.1::-10. The amplitude sensor and 
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frequency confirm logic modules sense the amplitude of the sig

nal and furnish confirm pulse for those signals from 18.25 + 

25 MHz to 21.75 + .25 MHz. 

4.5.8.2.1 Amplitude Sensor 

The gated output of D phase channel is fed 

directly into the direct coupled amplitude sensor. This cir-

cuit is designed to have an output after a certain input 

threshold voltage is obtained. The threshold voltage (3.6 

vOlts) corresponds to 21.75 MHz. As the input voltage is in-

creased, a point will be reached where the circuit will turn 

itself off. Turnoff voltage (6.75 vOlts) corresponds to 18.25 

MHz. The circuit will have an output as long as the input 

voltage ranges between 3.6 and 6.75 volts which indicates to 

the system that the intermediate frequency is within the 

proper range. 

4.5.8.2.2 Frequency Confirm Logic 

This module is driven by the amplitude sensor. 

Two transistors are connected to generate an enable level 

when the IF signal is wi thin frequency-con.firm range. 'l'he out

put voltage may range between 2.2 and 3.0 volts. This is suf

ficient voltage to indicate to the DH that the incoming signal 

is within tolerance. 
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4.5.8.2.3 Clamp and Amplifier 

I The gated output of D phase channel is fed to a 

c~amping amplifier. This circuit is designed to expand the 

f equency analog voltage from 18 to 22 ~qz to a 5.0 volt change 

t cover the operating range of the A/D. The amplifier is a 

g ounded base linear amplifier. 

4 5.8.2.4 Translator 

The translator is driven by the clamping and 

a~plifier and is designed to subtract the proper voltage from 

t~e amplified frequency analog Dulse to present the proper 
I 

I 

pJdestal to the A/D converter. 
i 

4 5.8.2.5 Phase Output Gate Module 

This module is used only in the frequency-confirm 

cannel. The output from the DC amplifier is gated by a ring 

d ode gate. A gate driver circuit furnishes the power for 

t 1 .rning the diodes on so that the frequency analog information 

c n be conducted through the gate and into the darlington 

e itter follower driver. The gated output starts at approxi-

m tely 250 nsec after the start of the pulse and lasts for a 

p riod of 200 nsec. 

4 5.8.3 Summary of Technical Specifications 

Pertinent specifications for the IF frequency

confirm channel are presented in Table 4.5-7. 
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TABLE 4.5-7 FREQUENCY CONFIRM SPECIFICATIONS 

INPUT POWER 

+6 volt -6 volt 

+12 volt +15 volt 

INPUT SIGNALS 

Dynamic Range 
Input Level 
Pulse Width Range 
Recovery Time 
Frequency Confirm 

Bandpass 
)15 Gate Pulse 

OUTPUT SIGNALS 

Frequency Encode Pulse 

Output to SI 

output to Log IF 

Frequency Confirm Pulse 

+8.0 volt 

40 db 
1.10 mv to 110 mv p-p 
0.4 usec to CW 
less than 5.0 usec 
20 MHz + 2.0 MHz 

-8.0 volt 

+6.5V video pulse, 200 ns 

200 ns pulse, 9.0V Max. 
(Related to input frequency) 

20 MHz, 1.3V p-p @ Tmin 

20 MHz linear 0.008 to 0.8v p-p 

Amplitude 0 to 3.5 volts 
(Related to input frequency) 

Log IF Amplifier 

Introduction 

The log IF amplifier subassembly (Figure 4.5-11) 

consists of two identical channels. One channel drives an 

auxiliary video detector contained within the subassembly. 

The purpose of the log IF subassemblies is to con-

vert the linear amplitude information in C, Fl' F1S and F2 
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Pe-amps for both high and low band into logarithmic functions, 

establish the bandwidth of the amplitude channel, feed loga-

rithmic IF signals to the amplitude ratio and pulse width con-

firm subassembly at the required levels of voltage and impe-

d nce, and feed logarithmic IF signals to the Real-Image Logic 

s bassembly. In addition, a video signal proportional to the 

1 garithm of the intercept signal received at the C antenna 

( igh and lOw) is provided in analog form. The pulse width of 

t.e video signal is proportional to the width.of the inter-

c pted burst. 

NOTE 1 

NOTE 2 

AUXI LI ARY 

VIDEO 

NOTE 3 

1----_ NOTE 3 

NOTE 1 FROM PHASE CHANNEL C FOR HIGH & LOW BAND FOR AIR 

INFORMATION. FROM HYBRID Fl FOR HIGH & LOW BAND FOR 

R/I IN FORMATION. 

NOTE 2 FROM HYBRID f2 FOR HIGH & LOW BAND FOR AIR INFORMATION. 

FROM HYBRID F1SFOR HIGH & LOW BAND FOR R/IINFORMATION. 

NOTE: 3 TO AIR FOR CHANNEL C & HYBRID F2INPUTS. TO Ril FOR 

HYBRID Fl & F1SINPUTS. 

Figure 4.5-11. Log IF Block Diagram 50X1 

I 
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The reverse conductance characteristics of a quan-

tum mechanics device, known as a backward diode, is utilized 

in the design of the log IF subassembly. The backward diode 

exhibits a lower voltage drop at a given reverse current than 

does a conventional diode biased in the forward direction. 

The reverse conductance characteristics of the backward diode 

approximate a log function. Moreover, the reverse conductance 

characteristics of the backward diode are virtually tempera-

ture insensitive, having a temperature coefficient of 0.10 

Figure 4.5-12 illustrates the design approach em-

ployed in the development of the log IF amplifier. The method 

is a theoretical and analytical approach, which is used in 

devising a way to shape the output signal response of the cir-

cuit for the purpose of linear output presentation on a mono-

pulse basis at the intermediate frequency. Signal wave shape 

symmetry is maintained throughout, making the design insensi-

tive to the duty cycle. 

The curves of Figure 4.5-12 are derived from the 

Hoffman lN3539A backward diode V-I characteristics. 'I'he curves 

shown depict only the positive swing of the CW or pulsed IF 

applied. Similar curves could be drawn for the negative swing. 

The inductor across the diodes serves to tune out the diode 

capacitance at the operating frequency. 
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The curves are obtained as follows: Curve A is 

obtained by making ein the dependent variable for different 

values of VI: and ID and fixed values of Rl and R2 , It is also 

assumed that the diode capacitance offers negligible loading 

effect when tuned out. 

Curve B is obtained the same way as Curve A ex-

cept that R2 is changed. 

Curve C is obtained by multiplying the ordinate 

of Curve B by 10 and using these values as ein' then finding a 

new value of eo from values of Curve A that correspond to the 

new values of ein. Follow the following example for a clearer 

presentation: 

EXAMPLE: To calculate one point of Curve C 

by using Curves A and B: 

Since ein = IDRl + eo 

eo = VD + IDR2 

Take point ein = 2340 mv 

eo = 287 mv 

on Curve B 

Multiply eo by 10 or 287 x 10 - 2870 mv 

Find an eo on Curve A that corresponds to 

an ein of 2870 mv. 

This point corresponds to 302 mw, and in 
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turn corresponds to the original ein of 

2340 mv. 

Figure 4.5-13 is drawn from actual data obtained 

f~om one of several log IF amplifiers constructed by the above 

mJthod. The actual hardware performance closely follows the 
, 

t eoretical predictions, proving the validity of the design 

a proach. Little circuit alignment is necessary; and pairs of 

a- lplifiers track well over the dynamic range. In the sub-

a sembly, the log IF amplifier is divided into two separate 

m dules, designated first and second log IF section. The out-

P t of the second log IF section feeds the log IF filter module. 

4 5.9.3 Log IF Filter Module 

'The log IF filter receives input signals having a 

amic range of 17 db from the logging sections of the sub-

The filter is of standard flat bandpass Butterworth 

sign having a bandvJidth of 8 Mc and a stop band attenuation 

greater than 20 db. 

The filter serves a two-fold purpose: 

(a) It reduces the bandwidth of the signals re-

ceived by the subassembly from the IF phase 

ch~~nels in order to improve the overall 

signal-to-noise ratio of the amplitude 

channel. 

(b) Since the frequency confirm information from 

the frequency confirm channel D is ambiguous 
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when the intermediate frequency is in the vicinity 

of 6.67, 33.3, and 46 Mc, the stop band attenua-

tion characteristics of the filter assure 

attenuation of the ambiguous signal to a level 

such that it appears to be below the Real and 

Image operation when processed by the R/I sub-

assembly. 

The filter output is coupled through an emitter 

f)llower to the IF amplifier module. 

4 5.9.4 The IF A.'llplifier Module 

The IF amplifier consists of a common base stage 

diving a low output impedance, high frequency, darlington 

c rcuit. The output is coupled with coaxial cable to the A/R 

slbassembly. The channel C IF amplifier module also drives 

t~ e detector filter. 

4 5.9.5 The Detector Filter Module 

The detector filter module consists of an isolat-

i g emitter follower driving a transistor detector followed by 

a high cut-off frequency low pass filter. The module detects 

e C channel signal and provides an output pulse that closely 

r produces the envelope of the intercept signal. The output 

p lse amplitude is proportional to the log of the amplitude of 

e intercept signal. The detector filter output is coupled 

t rough coax cable to the 31 generator and also is furnished 

as an output of the system. 
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Pertinent electrical specifications are presented 

in Table 4.5-8. 

TABLE 4.5-8 LOG IF AMPLIFIER SPECIFICATIONS 

POWER INPUT 

-6 volt +8.0 volt 

INPUT SIGNAL TO EACH CrffiNNEL: 

Frequency 
Level 
Channel 

OUTPUT SIGNAL 

2 Outputs 
(to corresponding section 

of A/R' and R/I 

Detector Filter 
(to SI Gen. from Channel 
corresponding to C) 

+12 volt +15 volt 

20 MHz 
+2 to -38 db 
Terminated in 50 ohm 

20 MHz 
Bandwidth - 4.5 MHz 
Level 3.0 volt peak-to-peak (max) 
Dynamic Range - 17 db 

Video Pulse 
Level 0.6 volts (O-P) (Max) 
Dynamic Range -17 db 
Calibration curve furnished 
with each unit. 

'--------------------------------------------------------------' 

4.5.10 

4.5.10.1 

Signal-Indicate Generator 

Introduction 

The signal indicate generator receives four IF 

signals from phase channels AJ B, C and D. An input is also 

received from channel C routed through the log IF. The data 

handler also provides three inputs and one input comes from 

the R/I, thus making a total of nine inputs. There are seven 
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outputs, two of which go to the amplitude ratio, one to the 

real and image logic, two to the data handler, one to the 

and one to the TTS #1. 

The operation of the SI generator can best be ex-

Pl:ined by referring to the block 

ar received from channels A, B, C 

diagram 4.5-14. IF signals 

and D and fed into their 

relPective limiter amplifiers, the signals are then detected 

an fed into an adder. The output of the adder is then fed to 

th ee amplifiers. The detected signals will add algebraically 
i 

whereas the noise from the four channels will be an RIvIS addi-

tiqlD. A 6 db signal-to-noise ratio improvement is realized 

uSIng this technique. 

Three of the four video amplifiers and adder 

am lifiers will be controlled by an SI control module. The 

ot er video amplifier and adder will provide a wide open SI 

(u gated). One of the controlled adders and video amplifiers 

will provide the normal SI, another provides Tmin, and the 

th rd provides the CW SI. The normal 81 and CW SI adder and 

vi eo amplifier coupled to their respective Schmitt triggers 
i 

and these are in turn fed to the SI OR gate. 

When an SI coming out of the 81 gate is coupled 

to the data handler, and it is more than 22.9 microseconjs in 

wi th, the DR disables the SI. After processing, the SI is 

en bled. If again a 22.9 microseconds width pulse is measured, 

th DR will disable the SI until processing is completed. If 

th s process goes on for four times, the indication ~ill be 

1-
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tlat CW is present and the CW mode will automatically be ener-

g"zed. The SI control receives three inputs from the data 

h~ndler. One signal is called IF-disable, another Cli-mode, 

a4d the third CW-disable. When IF-disable is a logic fllil, CvT

m de is a logic "0" and CW disable is either logic "lfl or "0", 

t e Sc~mitt trigger impulse will be clamped and no SI normal 

o CW can appear. A normal SI may appear if IF-disable is a 

1 gic "0", CW mode is a logic "011 and CvT disable is either 

1 gic "1" or "0". If CW disable is a logic 110", CW mode opera-

t on is not possible and normal SI operation will be the only 

m de of operation. Cv.J mode operation is accomplished by 

c pacitively coupling the auxiliary detector logged output 

t_rough a video amplifier to a Schmitt trigger. The detected 

C will be blocked by the capacitor and only pulsed signals 

1 db above cv.J will be able to trigger the Schmi tt trigger. 

4 5.10.2 Limiter Amplifier Module 

An IF signal from a phase channel drives the 

1 miter amplifier. This circuit was designed to have 6-db 

a plitude limiting. It functions as a linear IF amplifier up 

t 'I'min + 3 db, then it maintains a constant output level of 

2 0 volts peak-to-peak. This output drives the video detector. 

4 5.10.3 Video Detector 

The detector is a standard linear detector circuit 

u ing the base-to-emitter diode of a transistor for rectifica-

t on. The circuit also contains a filter to remove the high 
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frequency ripple component from the detected wave. Detected 

output is coupled to an adder and then to a video amplifier. 

4.5.10.h Adder and Video Amplifier 

The input of this module is a resistive adder. 

Signals from four video detectors are coupled into the adder 

where the corresponding signals and noise are added. The sig-

nals are added directly while the noise is added RMS. There-

fore, an improved signal-to-noise ratio is the result. The 

signal is then amplified by a common-base video amplifier. 

The amplifier has approximately 22.5-db gain with a bandwidth 

of 8 MHz (at the 3-db pOints). 

4.5.10.5 Schmitt Trigger 

This is a commonly used Schmitt Trigger circuit 

that is triggered by the signal from the video amplifier. 

An output of 3.2 volts is obtained if the incoming pulse is 

greater than the triggering level. The output pulse vJ'idth is 

proportional to the pulse width of the intercepted pulse. The 

Schmitt Trigger can be disabled through diode action controlled 

by the S1 contrul. 

11 [~ 10 6 , • J. • S1 Control 

This module consists of three transistor cir-

cuits operating as switches and serves to disable the Schmitt 

Triggers. Refer to Table 4.5-9. The S1 disable CW S1 are 

logic signals from the data handler; the CW disable is a 
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CW 
DISABLE 

0 

0 

0 
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1-'.5-9. 81 Control Truth Table 

TRUTH TABLE 

CW IF DISABL E NORMAL 
SI 

0 

0 

1 

1 

SI 

0 YES 

1 NO 

0 YES 

1 NO 
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NO 

NO 

NO 

YES 
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logic signal from the relays. Logic 1 for CW SI disable is a 

voltage rise; for CWD, it is an open circuit. Logic 0 is low 

saturation voltage; for not CWD, it is a short circuit. 

4.5.10.7 SI Gate 

Two signal-indicate sources are combined in the 

SI gate to drive a darlington) low output impedance stage. 

One output) called SIl' is sent to the data handler where the 

~J and PRI are measured. The data handler also uses this sig-

nal to start its programming sequences. Another output, 

called SI2 , is sent to the amplitude ratio subassembly for 

pulse width confirm measurements. A third output drives the 

gate width generator. Finally) another is used to generate 

the tag pulse in the TTS converter. 

4.5.10.8 Gate Width Generator 

This circuit consists of a 800-nsec monostable 

multivibrator. The output pulse is used to drive the gate 

width generators in the Real and Image subassembly and the 

dual gate driver in the amplitude ratio subassembly. This 

signal has been termed the primary trigger because it is the 

beginning of the gating operations for the IF assembly. 

4.5.10.9 OR Gate 

The OR Gate is similar to the SI Gate and is used 

to interface with the DB Recognizer Unit. The signal input is 

fed from a Schmitt Trigger not controlled by the SI control. 

The output is labeled the Ilungated SI. II 
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4.5.10.10 Tmin Amplifier and Gate 

This module consists of a video amplifier and a 

r ng diode gate. Its input from the video amp and adder is 

ccntrolled by the SI control module to allow normal operation 

wl en CW is present and the DH is sampling four times. After 

C\ operation is energized~ Tmin confirm is not required. 

4 5.10.12 Gate Driver 

This module is the same as used in the phase 

cannel described in paragraph 4.5.6.2.14. 

4 5.10.13 Tmin Threshold 

This module is made up of a level detector stage 

ald a darlington stage. The output interfaces with the DH. 

4 5.10.14 Summary of Technical Specifications 

A summary of pertinent electrical specifications 

i~ presented in Table 4.5-10. 

TABLE 4.5-10. SI GENERATOR SPECIFICATIQNS 

Pt)"W-:ER INPUT 

v -p volt +6 volt +8 volt -8 volt +12 volt 

INPUT SIGNAL 

aD IF Charr~el A-D 20 MHz with limiting occurring at 
Tmin + 6 db 

b) AIR 

c) Data Handler 

11 IFD 
2) CWSI 

Pulsed 20 MHz - Logged 

4.75 + .5V 

Volt logic level 
Volt logic level 
-4.75 + .5V 
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TABLE 4.5-10. SI GENERATOR SPECIFICATIONS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Relay cwn Open logic "l II 
..L 

OUTPUT SIGNAL 

Primary Trigger Video pulse 10 V O-P 
8oo-nsec wide 

3.5 + 0.5 volt level with PW 
information 

Same as SI l but sets on a 0.7 V 
level 

SI to TTS Same as SI2 

Tmin Video pulse 3.5 + 5V, 200 nsec wide 
~-------------------------------------------------------------~ 

1~.5.11 Amplitude Ratio and Pulse Width Confirm Subassembly 

4.5.11.1 Introduction 

The amplitude ratio and pulse width confirm sub-

assembly (A/R) (Figure 4.5-15) provides three bits of informa

tion for the data handler (DR) and sends one channel of infor

mation to the analog-to-digital converter (A/D). 

A video signal whose amplitude varies directly as 

the log of the amplitude of the intercept burst at the C 

antenna is processed in the A/R and fed to the A/D for encoding. 

Amplitude ratio measurements are accomplished by 

gating~ detecting, and amplifying the C and F2 logged IF sig

nals. Outputs from the two branches are directed into a com-

parator circuit. A pulse, the amplitude of which is propor-

tional to the difference between C and F2 amplitude, is 

developed at the comparator's output. This difference pulse 

is amplified, and when the amplitude ratio of F2 with respect 
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to C is equal to or greater than 1.5 db~ it triggers a Schmitt 

trigger. The Schmitt trigger output is coupled through an OR 

gate to the DH. 

An inhibit signal derived from the C channel 

amplitude information is generated when the incoming signal 

strength is greater than the maximum signal that the system is 

designed to process. The inhibit pulse is coupled to the DH. 

This is the Tmax inhibit signal. 

A confirm signal is generated whtn the width of 

the incoming intercept burst is sufficient for the system to 

process the intercept signal with accuracy. The circuit is 

driven from the signal-indicate generator subassembly and pro-

vides information for the DH. 

In order to minimize the recovery time and maxi-

mize the duty cycle handling capabilities of the system~ an IF 

analog gating technique is employed in the amplitude ratio 

subassembly. The first 800 nsec of an intercept signal~ fed 

from the log IF subassembly, is allowed to pass through the C 

channel and F2 channel IF gates. After the 800 nsec period, 

the gates are closed and the remainder of the intercept pulse 

(if any) is not allowed to pass to the C channel and F2 channel 

video detectors. 

The video detectors, video amplifiers~ and asso-

ciated circuits following the IF gates have a total recovery 

time of approximately 5 usec. Therefore, should the incoming 
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s gnal have a width of 500 nsec, the amplitude channel can 

a curately process this signal if its duty cycle is no higher 

t an ten percent. However, if the signal pulse width is, for 

e ample, 600 usec, then the subassembly can process accurately 

t is incoming signal if its duty cycle is as high as 99 percent. 

In the following sections, the individual func-

tonal elements of the subassembly are discussed as to their 

i1tent and mechanics of operation. Since both C channel and 

F) channel sides of the amplitude ratio subassembly are iden

t cal up to the output of the video amplifiers, only one 

branch is described. 

4.5.11.2 IF Gate 

In the IF gate circuit, two transistors are con-

n~cted in a series arrangement to provide a high impedance to 

af1 incoming signal when the gate is turned off and a low im-

pedance when the gate is turned on. A signal is received from 

the log IF, gated, and the gated portion is coupled to a video 

detector. 

4.5.11.3 Dual Gate Driver 

A dual gate driver is employed to open the IF 

gates. This is the same type of gate driver used to open 

video gates in the IF phase channel. Two separate gate 

drivers, driven from the same primary trigger input, are used 

instead of one gate driver having two secondary windings. 

'Ihis arrangement is necessary to avoid IF cross-coupling in 
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the common transformer and, hence, IF cross-talk between the 

two channels. The positive-going, 10-volt primary trigger 

pulse turns both transistors on in the dual gate-driver and 

develops a +1.2-volt pulse at the secondary of each transformer 

when loaded into the IF gates. One gate driver drives an IF 

gate in C channel, at the same time the other one is driving 

an IF gate in F2 channel. 

4.5.11.4 Video Detector 

The received gated IF pulse is detected in the 

base-emitter diode section of a 2N91S. Detection is achieved 

by biasing the transistor to act as a Class B amplifier. The 

rectified signal is picked off the emitter and fed into a low 

pass filter. An IF trap is placed in series with the low pass 

filter in order to obtain additional attenuation of the 20 MHz 

component of the detected signal. The detected video pulse 

is ready to be amplified. 

4.5.11.5 Video Amplifier 

The video pulse is amplified in the video ampli-

fier module. The gain of the amplifier is adjusted such that 

a 40-db change in the RF assembly input level will produce a 

5-volt change in the output video amplifier. 

The amplifier consists of an emitter follower 

driving a common base amplifier. The amplifier in turn feeds 

a darlington circuit output stage. A pick-off point in the 

darlington circuit is used to drive a feedback amplifier. 

I SECRET 
SPECIAL WANDLING 

Approved for Release: 2017/08/16 C05099935 

50X1 

50X1 

--------------------------------



-

I 

I Approved for Release: 2017/08/16 C05099935 

o S PEe I A L -H' l\. N D LIN G 50X1 

Th~ feedback amplifier is biased such that it will be driven 

to cut off by a signal having an amplitude of Tmin or greater. 

In other words, any signal within the dynamic range of the 

receiver will cause a constant amplitude negative going pulse 

to appear at the collector of the feedback amplifier transis-

tcr. The signal from the collector of the feedback amplifier 

i2 capacitive coupled to the base of the common base amplifier. 

Ttis signal is reamplified through the stage and results in a 

pcsitive offset voltage being added to the original signal. 

Tte function of the feedback amplifier circuit is twofold: 

(1) It provides a means of adjustments so that 

the video amplifierts five (5) volt output 

range can be set to start at approximately 

one (1) volt. 

(2) By varying the level of the feedback pulse, 

with temperature sensitive elements in the 

bias network of the feedback amplifiers, a 

method of temperature compensation is pro-

vided such that the overall gain of the video 

amplifier is held constant over the prescribed 

temperature range. 

4 5.11.6 Comparator 

The signals from antenna C and F2 after being 

afPlified provide the input signals to the comparator. The 

cf_rcui t compares the amplitude of the video signals from the 

50X1 
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C and F2 antennas and deli.vers an output pulse having an ampli

tude proportional to the absolute difference between the sig-

nals being compared. 

4.5.11.7 IV Video Gate 

The comparator output is sampled in a diode ana-

log sample gate. The sample gate is turned on J by a pulse 

from the gate drj_ ver J for approximately 110 nsec. 

The 110 nsec amplitude ratio sample pulse is 

capaci ti vely coupled to the amplifier and tri.gger. 

4.5.11.8 Amplifier and Trigger 

A common base amplifier amplifies the gated 

amplitude ratio video pulse. Adjustments are made in initial 

bench tests to set the gain of thj_s amplifier such that its 

output will be sufficient to trigger a Schmitt trigger when 

the amplitude of F2 is 1.5 db greater than the amplitude of 

the C channel. Two transistors plus associated components 

make up the Schmitt trigger. It is designed to have a high 

gain and low hysteresis in order to minimize the decision range 

of the circuit. The Schmitt trigger is isolated from the OR 

gate by an emitter follower circuit. 

4.5.11.9 OR Gate 

The same type as mentioned in 4.5.12.12. 

4.5.11.10 Gate Driver 

Another gate driver circuit is used to open and 

close an IF video gate in the amplitude ratio and Tmin section 
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o the subassembly. Only one transformer is required since it 

s itches video signals which are not affected by cross talk. 

A positive 150-nsec gate pulse is coupled to this module out-

D t by coaxial cable from the Real and Image subassembly. 

4 5.11.11 Tmax Inhi bit 

The Tmax circuit is designed to Droduce an inhibit 

s gnal when the logged amplitude Dulse it receives from the C 

v deo amplifier indicates that the level of the intercept 

is above the dynamic range of the receiver. This func-

on is accomplished by feeding the C video amplifier output 

a threshold device which turns on when the intercept pulse 

vel is above Tmax. The threshold is followed by a satura-

amplifier which drives an emitter follower output to the 

4.5.11.12 Pulse Width Delay 

812 is coupled from the signal-indicate generator 

the input of this module. 'T'he incoming pulse drives an 

follower which is coupled to the delay line modu~and 

also to an AND gate in the pulse width confirm module. Bias 

for this circuit is obtained from the DC component in 812' 

Also included within this module is another emit-

follower. This circuit receives its input from the outDut 

f the delay line which connects to the pulse width confirm 
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This is a module which contains several delay 

lines connected in series to make a total delay of 0.4 usec. 

Both the input and output of this module terminate in the gate 

width delay module. 

L~. 5.11.14 Pulse Width Confirm 

Inputs to this module are received from the pulse 

width delay module. The circuitry in this module is basically 

a logic AND gate, amplifier, and emitter follower output stage. 

A video pulse must be present on both inputs before the AND 

w'ill produce an output. This output is amplified in a satura-

tion amplifier such that it will produce a 3-vo1t video output 

pulse at the output of the emitter follower. This output is 

sent to the data handler to confirm that the intercepted pulse 

width is equal to or greater than 0.4 usec. 

4.5.11.15 Summary of Technical Specifications 

Pertinent electrical specifications are presented 

in Table 4.5-11. 

4.5.12 

4.5.12.1 

Real and Image Logic Subassembly 

Introduction 

The Real and Image subassembly has two basic inde-

pendent operations to perform. 

1) Gating signals are generated in this unit for 

gating the signals in the IF assembly. 

2) A confirm pulse is sent to the DH when a real 

I 
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TABLE 4.5-11 A/R AND PW CONFIRM SPECIFICATIONS 

PgWER INPUT 

+E volt -6 volt +12 volt +8.0 volt -8.0 volt 

n PUT S I G NALS 

C and F2 
(From Log IF) 

SI 

20 MHz 
Level (Max) 3.0 VP-P 
Dynami c Range - 17 db 

Video Pulse 
(From Signal 
Indicate Gen) 

Level 3.5 + 0.5 volt (0 to P) 

Gate Pulse 
(From Real/Image) 

Primary Trigger 
(From Signal 
Indicate Generator) 

Ol TPUT SIGNALS 

PW Confirm 
(To DH) 

Amplitude 
(To A/D Converter) 

Amplitude Ratio 
(Inhibit to TTS) 

Amplitude Ratio 
(To DH) 

Tmax Inhibit 
to DH 

Video Pulse 
Pulse Width 100 nsec 

Video Pulse 
Level 10V (0 to p) 
Pulse 1-Jidth 800 nsec 

Video Pulse 
Level - 3.5 + .5 V (0 

Video Pulse 
Level - 6.0 Volt (0 -
Dynamic Range - 17 db 
Pulse Width - 600 nsec 

Video Pulse 
Level - 3 h + .5 V (0 . --' -
Video Pulse 
Level - 3.5 + 0.5 volt -
Video Pulse 
Level - 3.5 + 0.5 V (0 -

SECRET 
SpeCIAL HANDliNG 

Approved for Release: 2017/08/16 C05099935 

- P) 

p) Max. 

Max. 

- P) 

(0 - p) 

- P) 

50X1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 

l 

Approved for Release: 2017/08/16 C05099935 

S PEe I A [ -h.-L4 W D LIN G 
52000-H500 
Page 229 

signal is received and when a real-or-image 

signal is received. 

These oper~tions are illustrated in the Heal and 

Image Logic Block Diagram, Figure 4.5-16 

Accurate pulse amplitude measurements are essen-

tial in this system. In an actual operation the pulse ampli-

tude is not a constant height at all times within the pulse 

period. Therefore, a method has been derived to measure the 

amplitude of the pulse at a predetermined time within the 

pulse period where the amplitude information is reliable. The 

method used is a type of sample gating. The gating time was 

chosen to be in a region where the desired pulse amplitude is 

present. This time was chosen so that rise and fall time 

effects would not affect the measurement. 

All signals sent to the data handler or the analog 

to digital converter are gated outputs. Gating is initiated 

by the primary trigger pulse generated in the signal-indicate 

generator. 

L~ • 5.12.3 Gate Delays 

A gate delay places the gating time to the proper 

position within the information pulse. This circuit integrates 

the input pulse into a ramp. When the ramp reaches a certain 

predetermined level it drives a saturation amplifier into sat-

uration. This output is a rectangular pulse whose width is 

approximately the length of time taken from the firing point 
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to the trailing edge of the incoming pulse. Because the 

shapes of the dj_fferent output pulses to be gated are differ-

ent, it is necessary to time the gating time for each output 

individually. 

One gate delay is adjusted to have a delay of 130 

nsec with respect to the primary trigger, and it drives the 

gate-width generator for the phase gate pulse. 

Another gate delay is adjusted to have a delay 

of 250 nsec with respect to the primary trigger and it drives 

the gate width generator for the video gate pulse. 

4.5.12.4 Gate Width Generator 

This circuit is a one-shot multi vibrator. The 

one-shot is triggered by a gate delay circuit and is designed 

to have an output of 10 volts and a predetermined pulse width. 

Each circuit has a different pulse-width because of the dif-

ferent requirements placed upon the gated outputs. 

The ¢ Gate gate-width generator is adjusted to 

have a pulse width of 200 nsec. Its output feeds the gate 

drivers in the IF phase channels and in the AID converter. 

The video gate gate-width-generator is adjusted to have a 

pulse width of 110 nsec. Its output feeds the Tmin amplifier 

and gate in the 81 module and the AIR and R/I video gates. 
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In the IF gate circuit, two transistors are con-

nected in series arrangement to provide a high impedance to 

a incoming signal when the gate is turned off and a low 

i pedance when the gate is turned on. A signal is received 

f om the log IF, gated, and the gated portion is coupled to a 

v'deo detector. 

4.5.12.6 Dual Gate Driver 

A dual gate driver is employed to open the IF 

g tes. This is the same type of gate driver used to open the 

v· deo gates in the IF phase channel. TvJO separate gate 

d ivers, driven from the same primary trigger input, are used 

i stead of one gate driver having two secondary 1;J:::"Yld-'Lngs. 

'Tis arrangement is necessary to avoid IF cross coupling in 

common transformer and, hence, IF cross-talk between the 

t '0 channels. The positive going lO-volt primary trigger pulse 

t rns on both transistors in the dual gate driver and develops 

volt pulse at the secondary of each transformer when 

1 into the IF gates. One gate driver drives an IF gate 

f r the Fl antenna signal unshifted and the other IF gate is 

u ed for the shifted signal from the Fl antenna. 
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The received gated IF pulse is detected in the 

base-emitter diode section of a 2N91S. Detection is achieved 

by biasing the transistor to act as a Class B amplifier. The 

rectified signal is picked off the emitter and fed into a low 

pass filter. An IF trap is placed in series with the low 

pass filter in order to obtain additional attenuation of the 

20MHz component of the detected signal. The detected video 

pulse is ready to be amplified. 

LI-.5.12.S Video Amplifier 

The video pulse is amplified in the video amplifier 

module. The gain of the amplifier is adjusted such that a 

40-db change in the RF assembly input level will produce a 

5-volt change in the output video amplifier. 

The amplifier consists of an emitter follower 

driving a common base amplifier. The amplifier in turn feeds 

a darlington circuit output stage. A pick-off point in the 

darlington circuit is used to drive a feedback amplifier, 

The fr;edback amplifier is biased such that it will be driven 

to cut off by a signal having an amnlitude of Tmin or greater. 

In other words, any signal within the dynamic range of the 

receiver will cause a constant amplitude negative going pulse 

to appear at the collector of the feedback amplifier trans-

istor. The signal from the collector of the feedback ampli-

fier is capacitive coupled to the base of the common base 
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amplifier. This signal is reamplified through the stage and 

results in a positive offset voltage being added to the 

original signal. The function of the feedback amplifier cir-

cuit is twofold: 

4.5.12.9 

(1) It provides a means of adjustments so that 

the video amplifier1s five (5) volt output 

range can be set to start at approximately 

one (1) volt. 

(2) By varying the level of the feedback pulse~ 

with temperatlJ.re sensitive elements in the 

bias network of the feedback amplifiers .. 

a method of temperature compensation is 

provided such that the overall gain of the 

video amplifier is held constant over the 

prescribed temperature range. 

Comparator 

The signals from Antenna Fl and Fls after being 

amplified by the video amplifiers provide the input signals 

to the comparator. T'he circuit compares the amplitude of 

the video signals from the Fl and F ls antennas and delivers 

an output pulse having an amplitude proportional to the 

absolute difference between the signals being compared. 

Since the signals are logarithmic, the difference between 

the signals will produce a constant output level through 

the dynamic range if the signals differ by a constant vahJ.e 

throughout the range. 
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The comparator output is sampled in a diode 

analog sample gate. The sample gate is turned on, by a 

pulse from the gate driver, for approximately 110 nsec. 

The 110 nsec amplitude ratio sample pulse is 

capacitively coupled to the amplifier and trigger. 

4.5.12.11 Amplifier and Trigger 

A common-base amplifier amplifies the gated 

amplitude-ratio video pulse. Adjustments are made in initial 

bench tests to set the gain of this amplifier such that its 

output will be sufficient to trigger a Schmitt trigger when 

the amplitude of Fl is 2 db greater than Fls ' Two transis

tors plus associated components make up the Schmitt trigger. 

It is designed to have a high gain and low hysteresis in 

order to minimize the decision range of the circuit. The 

Schmitt trigger is isolated from the OR gate by an emitter 

follower circu it. 

4.5.12.12 OR Gate 

outputs of two Schmitt Triggers are connected to 

an OR gate for the Real or Image confirm. A pulse from either 

one or both Schmitt triggers will produce an output pulse of 

the same width and having an amplitude of 0.9 times that of 

the input. The Jll output from this module is called a Real

Image confirm. This output is coupled to the data handler 

to indicate that there is a signal being detected that is 
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desired, and that processing should be continued. 

14.5.12.13 Gate Driver 

Basically this is a switching circuit where the 

load, which is the IF video gates are transformer-coupled 

with the switching transistor. This circuit provides the 

power to open the gates when a video gate pulse is recelved. 

Two gates can be driven from the two secondary windings in 

the transformer. 

4.5.12.14 Summary of Technical Specifications 

Pertinent electrical specifications are presented 

I 
I 
I 
I 
I 
I 
I 
I 

in Table 4.5-12. I 
TABLE 4.5-12. REAL-IMAGE LOGIC SPECIFICATION 

INPUT POviER I 
+6 volt -6 volt +12 volt +8 volt -8 volt 

INPUT SIGNALS 

Fl 
F ls (from Log if A33) 

Primary Trigger 

OUTPUT SIGNAL 

Real confirm or Image 
confirm 

(t 0 Data Handler) 

Gate Pulse 
(to Amp. Ratio and 
SI Generator) 

Phase Gate Pulse 
(to all phase channels 

and A/D) 

20 MHz 

3.5 volts p-p at Tmax 

Video Pulse 
Level 10.0 volt (O-P) 
P.W. 800 nsec 

3.5 v + .5 (100 nsec) 

Video Pulse Level 
7. 5 volt (0- P) 
P. V!. 150 nsec 

Video Pulse Level 
6.5 volt (O-P) 
P.V!. 220 nsec 
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Tone Tag Signal (T'I'S) Subassembly 

Introduction 

The TTS performs the following functions: 

(1) Provides a predetected video signal no 

greater than 0.7-volt p-p through 40 db 

in the dynamic operating range. 

(2) Provide the predetected signal with a 3 db 

pass band from 0.5 to 5.5 MHz itJith the 

(3) 

center of the predetected pass band cor

responding to the center of the phase 

channel pass band (20 lVIHz). 

Provide an adj"ustable gain on command from 

the data handler in three 10-db power steps, 

so that the signal anywhere in the dynamic 

range is made to fall in the 0.19-volt p-p 

to 0.6-volt p-p range. In the absence of 

a command the gain is at the most sensitive 

step. 

(4) Provide two reference tones; one at 6 MHz 

+5 KHz and one at 46.875 KHz +100 Hz, with 

I adjustable amplitudes. 

I 
I 
I 
I 

( 

(5) A tag pulse when the emitter being received 

is inside of the AIR circle. 

Refer to Figure 4.5-1'7 for the following modular 

breakdown description. 

"------~ 
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The signal amplifier is a wide-band grounded-base 

amplifier with a peaking coil to compensate the frequency 

response of the attenuator circuit stages that follow. 

Amplify gain is approximately 20 db. 

First and Second Attenuator 

This attenuator is an L pad attenuator vlhere the 

loading per section is introduced by forward biasing a diode 

which is in series with the loading resistor. Biasing on the 

first section introduces 10-db attenuation on the signal. 

Biasing on the first and second sections will introduce 

20-db attenuation of the signal. This sequence is required 

for proper 10-db stens. 

4.5.13.4 Third Attenuator and Buffer 

The third section of attenuation is the same cir-

cuit as the first and second section. Biasing on all three 

sections will produce 30-db signal attenuation. The buffer 

section is a darlington circuit for impedance match to the 

image filter and also an isolation between the attenuators 

and tte image filter. 

4.5.13.5 Image Filter 

The image filter is an 8-element elliptical func-

tion filter designed for not more than 3-db attenuation at 

17 ]\mz and not less than 10-db attenuation at 16.75 ]\,lliz. 

This is to attenuate the image foldover so that the predetected 
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signal at 0.25 MHz will be 10 db or more attenuated. The 

image filter is made up of 3 sections each in an individual 

cavity. 

4.5.13.6 Mixer and LO 

The mixer is a diode quad balanced mixer and the 

oscillator is a 17-MHz crystal controlled oscillator. 

4.5.13.7 High Pass Filter 

The high pass filter is a 3-section Butterworth 

with its 3-db cut-off at no more than 0.5 MHz and 10 db or 

greater at 0.25 MHz. Each of the three sections is placed 

in an individual cavity. 

4.5.13.8 Filter Buffer 

The filter buffer is a darlington circuit for 

isolation and impedance matching between the high pass filter 

and the low pass filter. 

4.5.13.9 Low Pass Filter 

The low pass filter is an 8-element elliptical 

function filter designed for a 3-db cut-off at 5.5 I,THz and 

a 10-db or more attenuation at 5.75 MHz. This filter is also 

made up of three sections with each section in a cavity. 

4.5.13.10 Integrated Amplifier 

The integrated amplifier is an operational linear 

amplifier us ing a uA 702 wide band DC amplifier \fJhose gain is 

adjusted between 20 - 30 db as required. 
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'The hard limiter consists of an emitter follower 

driver and grounded base linear amplifier and followed by an 

output emitter follower. The hard limiting is performed by 

the grounded base linear amplifier going to cut off on the 

positive cycle and the output emitter follower being cut off 

on the negative cycle. This signal will then be attenuated 

so that at 0.6 volt p-p, the signal will be in the linear 

region and at 0.7 volt p-p will be in hard limiting. 

4.5.13.12 Tag Generator 

I The tag generator consists of a burst oscillator 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

and a broadband tuned 250 Kc circuit. The Cos2 wt. envelope 

is approximated by adjusting the trigger pulse width, by 

setting the decaying rate of the burst oscillator and by the 

broad band characteristics of the 250-KHz tuned circuit. 

See Figure 4.5-18. 

4.5.13.13 Reference Oscillator 

The reference oscillator is a crystal controlled 

6-:MHz oscillator. 'This will provide the 6-:MHz tone and will 

also provide a pulse at a 6-MHz rate to the counter to derive 

the 46.875-KHz tone. 

4.5.13.14 'Tag Logic and Counter 

The counter is a ripple-carry binary counter using 

the DTUL 950 pulse triggered bi.nary. There are seven stages 

for a 128 counter. 
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The tag logic uses a DTuL 9h6 quad two-input gate 

element, a DTuL 950 and two DTuL 951 monostable multivibrator. 

Figure h.5-19 shows a block diagram and a pulse timing chart. 

When an SI pulse is received at to' the leading 

edge (after being inverted by the 946) will set the flip-flop 

to logic 1, if it is not already set. If at ta an AIR inhibit 

appears, the leading edge will also be inverted by the 946 and 

the flip-flop will be reset to logic 0 if it is not already 

reset. At tl (the trailing edge of the SI pulse) the 2.5-usec 

one-shot will be triggered and its trailing edge at t2 together 

with logic 1 on the flip-flop, initiates the 6.8-usec pulse 

for the tag-pulse trigger. Since the flip-flop was at logic 

o due to the AR inhibit pulse, the 6.8-usec one-shot will not 

be triggered. The following SI at tn and no AIR inhibit show 

how the tag pulse will be initiated with the flip-flop at the 

logic 1 level. 

4.5.13.15 Tone Filter 

The tone filter is an active low pass 50 Kc filter 

similar to the type used in the phase channel called a phase 

filter. 

4.5.13.16 output Buffer 

The output buffer has an input emitter follower 

where the tag tones are fed in and then resistively added to 

the predetected signal and tag pulse if any. The output is an 

NPN-PNP emitter follower darlington connection for impedance 
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match and for 0 volt bias at the output for X coupling. The 

impedance match is selected to 75+5 ohms. 

4.5.13.17 Summary of Technical Specifil:ations 

Pertinent specifications for the TTS subassembly 

are presented below in Table 4.5-13. 

TABLE 4.5-13. TTS SUBASSEI,ffiLY SPECIFICATIONS 

INPUT P01iJERS 

+8 v +6 v -6 v 

INPUT SIGNALS 

Preamp Aux. Output -28 dbm @ Tmax 

20 MHz 

SIp Video Pulse 3·5 + ·5 -
(SI from Sig. Gen. ) 24 usec max. 

AIR Inhibit Video Pulse 3.5 + ·5 -

(from AIR) 150 nsec wide 

Set Gain 

(10 -' 20 & 30 db ATTN) Logic 11111 .8 v 

Logic "0" .3 v 

OUTPUT SIGNALS 

Signal Out 3 MHz I 2.5 IVIHz @ -3 T -
(to rec order) 600 mv p-o max. 

6 MHz Tone 6 :f\ffiz + 5 Kc -
Adjustable Amplitude 

I 

to 50 
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TABLE 4.5-13 (CONTfD) 

~6.875 Kc Tone 46.875 KHz + 100 Hz 

T'ag Pulse 

4.5.14 

4.5.14.1 

Adjustable Amplitude 2.5 

to 50 mv 

Cosine square pulse envelope 

of 250 Kc centered at 250 Kc 

Amplitude 0.28 +.02 volts 

Pulse width 5 usec @ 50% of 

envelope 
. 

2.5 + 1 usec after trailing 

edge of received signal 

with respect to 10% point 

of envelope. 

Recognizer Amplitude Threshold Subassembly 

Introduction 

The recognizer amplitude threshold performs the 

following functions over the 40-db dynamic operating range. 

(1) Provide an amplitude confirm video pulse when 

the signal is above a level that can be set 

(2) 

~--~ 

on COITlmand to Tmin, +5, +10., and +15 db with 

respect to system Tmin. 

Provide a video pulse from three threshold 

detectors when the signal is at the different 

level in the dynamic range. One threshold 

detector for Tmin +30 db and above, another 
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for 'Tmin +20 db and above and a third one for 

Tmin +10 db and above. 

A modular breakdown description of recognizer 

amplitude threshold is discussed next. Refer to Figure 4.5-20. 

4.5.14.2 Buffer Amplifier Module 

The buffer amplifier is a grounded-base linear 

amplifier similar to the DC amplifier in the phase channels. 

The input to the buffer amplifier is a gated logarithmic 

signal from the AIR log amplitude channel. 

4.5.14.3 Threshold Driver 

The threshold driver consists of four emitter 

followers to drive the ind ividual threshold detectors. The 

threshold driver provides the proper attenuation to the signal 

so that all fixed threshold detectors can be made identical. 

Each driver will also provide isolation between the threshold 

detectors. 

4.5.14.4 Fixed Threshold Detector 

The fixed threshold detector is a diode temperature 

compensated Schmitt trigger with a similar Zener emitter 

follower output for DC coupled output and low emitter resis-

tor as used in the S1 generator for integrated circuits 

interfacing. The threshold detectors are AC coupled at the 

input since it receives -only gated pulse. 

4.5.14.5 Variable Threshold Detector 

This is the same as the fixed threshold detector 

except that its threshold bias may be controlled. 
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Pertinent specifications for the recognizer ampli-

tude threshold are presented below in Table 4.5-14. 

TABLE 4.5-14. RECOGNIZER AMPLITUDE-THRESHOLD SPECIFICATIONS 

INPUT POWER 

+12 v -8 v 

INPUT SIGNALS 

DynamiC Range 

Input Level 

Pulse Width 

Recovery time 

Relay Ground 

OUTPUT SIGNALS 

Amplitude Confirm 

Tmin + 10 db 

Tmin + 20 db 

Tmin + 30 db 

40 db 

Video 1.8 V to 280 mv 

Gated 800 nsec max. 

Less than 5.0 usec 

For Tmin, +5 db, +10 db and 

+15 db 

Video pulse -3.5+.5 v 

(600 nsec max.) 

Video pulse -3.5+.5 v 

(600 nsec max.) 

Video pulse -3.5+.5 v 

(600 nsec max.) 

Video pulse -3.5+.5 v 

(600 nsec max.) 

Variable (Tmin, +5 db, +10 db, +15 db) 

4.5.15 Analog-to-Digital Converter 
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Introduction 

The analog to digital converter subassembly, 

igure 4.5-21, receives phase, fine frequency and signal 

kmPlitude information. It holds the fine-frequency and ampli

~ude information until a command is give to encode the infor-

ation into a four-bit binary code and presents the binary 

oded information to the data handler. The phase information 

is sampled and held in the phase channels before being sent 

to the analog digital converter. 

Ten signals are received in parallel from the IF 

subassemblies. Eight of the signals have amplitudes which 

correspond to phase information and the two remaining pulses 

have an amplitude which is proportional to the signal strength 

and fine frequency of the particular emitter being measured. 

A trigger pulse (phase gate) is received coincident with the 

IF signals. This pulse triggers a gate driver which serves 

to open the sample-and-hold gate for amplitude and fine 

frequency. The outputs of the sample and hold of the 10 

signals serve as DC signal~ from low impedance sources, to 

the commutator gates. 

Each commutator gate receives a trigger signal 

from the data handler. The signals are spaced at 960 nsec 

intervals and are on separate lines, Figure 4.5-22. The 

individual commutator gates open for a period of approximately 

100 nanoseconds. This results in a train of 10 gated pulses 

separated by 960 nanoseconds with the amplitude of the 
50X1 
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ndividual pulses being proportional to a particular sample 

lnd hold output. These 10 pulses are presented serially to 

uhe four-bit analog-to-digital converter. 

The analog-to-digital converter portion of the 

~ubassembly encodes each input pulse into a four-bit binary 

~ode. The input pulse is from 0 to +5 volts in amplitude and 

:1pproximately 100 nanoseconds in time. The output 11111 bit is 

in the form of a 4-volt pulse approximately 200 nanoseconds 

in time. A logic 0 level is the absence of a pulse. 

The analog-to-digital section, consists of four 

~hreshold detectors, three amplifiers and a reset generator. 

The encoding is performed in a serial manner. (The most 

significant bit is encoded first and so on until the least 

significant bit is encoded.) A reset trigger pulse is re

ceived from the data handler approximately 480 nanoseconds 

after each input signal pulse to the AID converter. This 

trigger pulse is processed into a 30-nsec spike which serves 

to reset each threshold detector in preparation for the next 

input signal. 

The weight of the most significant bit is one-half 

full scale, 2.5 volts. An input signal of 2.5 v will cause 

the detector to change state and the output will be interpre

ted as a 11111 bit. Conversely, for an input signal of less 

than one-half full scale, the detector will not change state 

and the output will be interpreted as a II 0 II bit. If the detec-
I 

'tor is in the 110 11 state a reference voltage of zero volts is 
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~NALOG 
NPUT 

VOLTAGE 
OECISION 
uEVEL 

.3125 

.6250 

.9375 

1.2500 

1. 5625 

1.8750 

2.1875 

2.5000 

2.8125 

3.1250 

--: .4375 -
--: .7500 -

~ .0625 

~ .3750 

~ .6875 
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TABLE 4.5-15. INPUT VOLTAGE VS. OUTPUT CODE 

A TO D 
OUTPUT 
BINARY 
CODE 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

SECRET 
SPECIAL HANDliNG 

READ OUT 
INTERPRETED 
AS 

.15625 + .15625 

.46875 + .15625 

.78125 + .15625 

1.09375 + .15625 

1.40625 + .15625 

1.71875 + .15625 

2.03125 + .15625 

2.34375 + .15625 

2.65625 + .15625 

2.96875 + .15625 

3.28125 + .15625 

3.59375 + .15625 

3.90625 + .15625 

4.21875 + .15625 

4.53125 + .15625 

4.84375 + .15625 

50X1 
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applied to the next amplifier to be summed with the incoming 

signal. If the threshold detector is in the !fI" state, a 

reference voltage of -2.5 volts is applied to the next 

amplifier to be summed with the incoming signal. The refer-

ence voltage serves to subtract the weight of the first bit 

from the signal. 

Each succeeding stage of the AID operates in a 

similar manner. Figure 4.5-23 illustrates the AID timing and 

Table 4.5-15 illustrates the input voltage versus the output 

code. 

4.5.15.2 Sample and Hold Module 

The fine frequency input signal to the sample and 

hold is a pulse from 0 to +10 volts in amplitude with a pulse 

width of 200 nanoseconds. For the amplitude information the 

pulse amplitude is from 0 to +6.0 v. The gate driver, trig-

gered by the pulse gate pulse, serves to open the sample 

gate which allows the "hold" capacitors to charge to the in-

put voltage. 

The first transistor stage in the Sample and Hold 

module is a constant-current generator which serves to subtract 

the "pedestal if voltage from the incoming signal. 

The sample and hold output circuits serve to pre

sent a high impedance to the "hold" capacitor and a low 

impedance to the commutator gate. 

4.5.15.3 

4.5.15.4 

Gate Driver (same as described in paragraph 4.5.12.13) 

Commutator Driver and Commutator Gates 
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Each COmITilltator gate receives a trigger on a 

keparate line from the programmer section. Each gate driver 
I 

bpens its associated gate and lets 100 nsec of amplitude 

information through to the analog to digital section. The 

iming diagram illustrates the commutator timing. See Figure 

.5-22. Each COmITilltator gate consists of a ring diode gate 

riven by a series of circuits which serve to shape the input 

rigger from the data handler. The ring diode gate is opened 

or 100 nanoseconds regardless of the pulse width from the 

ata handler. 

.5.15.5 Threshold Detector 

The input from the commutator consists of 100-nsec 

ulses from 0 to +5 volts in amplitude. Each threshold detec-

or is set to change states when its input exceeds 2.5 volts 

in amplitude. The threshold detector furnishes an output 

eference voltage to the summing network. This reference volt-

ge is 0 volt when the input to the threshold detector is less 

han 2.5 volts, and changes to -2.5 volts when the input ex-

eeds +2.5 volts. 

The threshold detector utilizes a tunnel diode 

biased just below its peak current point. A 2.5-volt input 

signal furnishes just enough current to trip the tunnel diode 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

to its high voltage state. This change in voltage is amplified I 
and coupled out as a !tone!! bit to the data handler. The volt-

age change is also processed and coupled into the associated 

amplifier as a -2.5 volt reference level. 
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TABLE 4.5-16. AID CONVERTER SPECIFICATIONS 

50X1 

tNPUT POWER 

+8 volts -8 volts 

NPUT SIGNALS 

Gate Pulse 

8 Phase Inputs 
(From Phase Channels) 

1 Log Amplitude 
(From Amplitude Ratio) 

10 Input Trigger Pulses 
(From DR) 

Reset Pulse 
(From DR) 

Frequency Encode Pulse 
(From Freq. Confirm 
Channel) 

6.5 v 

PW 220 nsec 

Amplitude -2.5 v to +7.5 v 

Amplitude - 0 to 6 volts 
600 nsec max. 

Amplitude -3 volts 
Hv - 210 nsec 

Amplitude - 3 volts 
P~T - 120 nsec 

9.0 volt max. Video Pulse 
220 nsec wide 

OUTPUT SIGNAL 

~~II - ~ 

4 Binary Outputs 
(To DR) 

A one(l) is represented by 
3.5 + .5 volt pulse, 
PW =-200 nsec 
A zero (0) is zero output 

SEC R ET 
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The input signal to the first threshold detector 

stage is also applied to the first amplifier, (Figure 4.5-21) 

The signal is delayed by 40 nsec in order to allow the associ-

ated threshold detector to make its Ifdecision". Following 

the delay line, the signal is summed, in a resistive network, 

with the reference voltage from the threshold detector. 

The gain of the stage from the input of the delay 

line to the output to the next stage is 

A = 2 (ein + ereference) 

The reference voltage is zero if the associated threshold 

detector is in a zero state and is -2.5 volts if the associ-

ated detector is in a lIone" state. 

4.5.15.7 Reset Generator 

The reset generator receives a signal from the 

data handler approximately 480 nanoseconds after each cow~u-

tator trigger. This signal is processed into a 30 nanosecond 

trigger pulse which serves to reset each threshold detector. 

4.5.15.8 Summary of Technical Specifications 

Pertinent electrical specifications are presented 

in Table 4.5-16. 
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Data Handler Assembly 

Introduction 

50X1 

The Data Handler contains the logic circuits neces-

sary for parallel-processing of input signals. Digital measure

m,nt and conversion circuits which generate codes for such 

S4gnal parameters as pulse width, amplitude, pulse repetition 
, 

irterval, D/F location, and frequency are contained in this 

a~sembly. The vehicle analog voltage inputs for pitch and roll 

a e also converted to digital format and stored. See Figure 

2 1-1. The functional sections of the Data Handler are as 

fpllows: 

a) Phase Combiner - Accepts two 4-bit binary 

codes (unshifted and shifted phase) from the 

A-D converter and combines them into a single 

5-bit digital code that is unambiguous over 

the complete range of 360 degrees. 

b) Phase Coder - Combines the 5-bit fine phase 

code with the 5-bit COarse phase code from 

the phase combiner to produce a 7-bit code 

for use in addressing the space window logic. 

The Coder also monitors the inputs from the 

Phase Combiner and generates an "x coordinate I~ 

or lI y coordinate II inhibit signal if the in-

puts indicate that the emitter is located 

SECRET 
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Space Window Logic - A scratch pad memory 

which stores the buffer storage address of 

the first pulse data for each emitter in the 

field of view. 

d) Inhibit Logic - Monitors inhibit and confirm 

signals from the IF section and the FOV in

hibit from the Coder/Combiner and generates 

a mode-dependent master inhibit signal if all 

confirm signals are not received or if any 

inhibit is received. 

e) Programmer - Contains logic for system con-

trol under the various modes of operation. 

It initiates processing of incoming signals, 

generates timing signals for Calibrator, Phase 

Coder/Combiner, Attitude Encoders and Dwell 

Timer. Also initiates generation of all time-

attitude words, identifies the data words, 

and provides change frequency commands to the 

local oscillator control logic. 

f) PRI Encoder - Digitizes the time interval 

between confirmed input signals from a given 

I source. 

I 
I 
I 

g) Buffer Storage Control Logic - Controls load-

ing, spacing and shifting of the digitized 

Sf:CRf:T 
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information to the CSU, through the output 

register, and contains the parity generator 

which provides even parity in bits 65, 104, 

143, and 182 of each data word. 

h) Buffer Storage - Stores up to 61t complete data 

words and serves as a high speed temporary 

data buffer which permits parallel processing 

of incoming signals. 

i) System Clock - Provides the various timing 

pulses for subsystem operation. 

j) Pulse Width Encoder - Measures the width at 

the input signal between specified limits. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

It provides a 64 increment, (6-bit) linear code I 
for pulse widths up to 8 u sec. For greater 

than 8 u sec PW, the output reads all ONES. 

k) Time Encoder - Counts incoming pulses from 

the vehicle at 8 pulses per second. Provides 

a 20-bit binary register to give elapsed 

time in 1/8-second increments to a maximum of 

one day. Also provides a calender register 

of 3 bits to give elapsed time in days to a 

maximum of 8 days. Both registers can be re-

set on command from the vehicle. 

1) Attitude Encoder - Consists of two identical 

AID converters which are used to digitize 
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the incoming analog pitch and roll signals. 

Test Generator Logic - Provides modulation 

pulses and an enable level to the R.F. 

calibrate oscillator at specified time inter-

vals and for specified durations. Output of 

the calibrate oscillator is fed into the R.F. 

strip line and processed in the same manner 

as a received signal. Since all parameters 

of the calibrate signal are known, a real-

time check of system operation is obtained. 

n) Data Handler Interface Logic - Provides dis

crete component gating to interface the inte-

grated circuit logic to the vehicle input/ 

output signal levels. 

0) Marker Word Generator - Provides a 48-bit 

word output consisting of time, frequency, 

and other status information. This word 

appears at the output in 3 LRZ form and is 

available both for DSU recording and for 

direct readout through the wide-band Data 

Link. 

p) Scan Control - Consists of the LO Counter and 

the partial scan control logic. The partial 

scan control logic provides the necessary 

circuitry to allow the system to search 
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through either one or both of two variable 

length segments in the frequency scan band. 

The length and position of the partial scan 

segments are selectable and may be placed 

anywhere in the frequency band so long as 

the segment limits do not overlap. 

The LO counter is a binary counter and counts 

Change Frequency Command (CFC) pulses to pro

vide an output which is used wlth a D/A con-

verter to control the frequency of the system 

Voltage Controlled Oscillators. The output 

from this counter also provides the frequency 

information which is inserted in the Marker 

Words and in the EOB data words. 

q) Relay Logic - Interfaces with the Vehicle 

Command Computer to provide input commands 

to the system. 

r) Telemetry Unit - Consists of circuits neces

sary to isolate and condition the signal re-

quired to provide indications of voltage 

levels, temperatures and operation of the 

system. 

Phase Combiner 

The purpose of the Combiner is to remove ambigui

es from the phase information (over a 360 0 interval) by 50X1 
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combining the quantized output of one phase detector with the 

quantized output of a second phase detector whose input is the 

first detector input shifted 90 degrees. See Figures 4.6-1 

and 4.6-2. The Phase Combiner output and corresponding A-to-D 

Converter outputs are shown in Figure 4.6-3. From these trans-

fer characteristics, it can be seen that each quantized phase 

detector output is unambiguous over a 180 degree range. By 

combining the two 4-bit outputs to obtain a fifth bit, it is 

possible to derive phase code which is unambiguous over the 

range of 360 degrees. From Figure 4.6-3 it can be noted that 

for the fine phase at least one of the A-to-D outputs is either 

0000 or 1111 over the range of 0 to 360 degrees. By detecting 

which output is 0000 or 1111, it is possible to derive the re-

quired fifth bit of phase information. 

The coarse phase output is very similar to the 

fine phase output except for change of gain. The effect of 

this gain change is to change from the condition that at least 

one output is 0000 or greater than 1001. 

The combiner receives 4-bit input words from the 

A-to-D converter. Each four bits of information represents 

the quantized value of the phase detector outputs. Words are 

received in the following order: 

1. Fine phase Y 

2. Fine phase Y shifted 90 degrees 

3. Coarse phase Y 
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The timing diagram in Figure 4.6-2 illustrates 

the following sequence of events. 

1. Unshifted Yf data loaded into input buffer. 

2. storage and control buffers cleared by 

Combiner Clear. 

3. AID Converter reset and control or storage 

buffer set as determined by Control Logic 

Limit Detecting gates. 

4. Input Buffer cleared. 

S. steps 1, 3, and 4 repeated for shifted Yf 

I data. 

I 
I 
I 
I 
I 
I 

6. Combined Yf data loaded into S-bit buffer. 

7. steps 1 through 6 repeated for Yc data during 

the interval between sample pulses S3 and SS. 

8. steps 1 through 6 repeated for XF and Xc data 

during the interval between Ss and S9" 

The A-to-D output is received by the input buffer 

which consists of 224 through 228 of combiner card, section A 

Sf!CRf!T 
r :; ::... f' '1': ~,!, 
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(4124-G4201). Prior to receiving each data word from the A-to-

D converter, this buffer is cleared; therefore, a pulse on any 

infut line, which represents a logical one, sets the correspond-

ing flip-flop, and it remains in the Ii one II state until the 

buffer is cleared again. Timing pulses to the combiner are 
! 
I 
I 

s~nchronized with sample pulses to the A to D converter. 

The Control Logic shown on the block diagram is 

c,omposed of limit detecting gates which control the loading of 

tpe Storage and Control buffers. Gate ZlS-S detects the pre

s~nce of the limit 1111 at the input while zlS-6 detects the 

P1esence of 0000 at the input. Gate zS-S detects the presence 
I 
I 

oif the limit 1001 or greater at the input during a coarse 

phase input. 

I 

1Alhich 

Z2-11 and z4-3 are limit detecting buffer outputs 

are loaded during the unshifted sample. z4-3 indicates 

~he presence of 1111, (1001 or greater during coarse phase) 

uring the unshifted sample. Z2-11 indicates the presence of 

000 during the unshifted sample. Z2-S and z4-S perform the 

ame function during the shifted sample. Z2 and z4 are cleared 

I 
y the combiner clear which occurs as shown in the timing dia-

ram for the programmer "A" timer. 

The outputs of the input buffer are gated via 

10 and Z20 to the storage buffer (Zl, Z2, Zll, and Z12 on 

oard 64202) which stores information contained in the input 
I 
buffer, except when it is blocked by the limit detecting gates. 
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If both the shifted and the unshifted samples are blocked by 

the limit detecting gates, the buffer stores 0000, the value 

to which it is cleared by the combiner clear. 

In addition to the input buffer, Section A (Board 

64201) of the Coder/Combiner contains the logic for detection 

and correction of measurement errors. In normal operation, 

the Combiner receives 4-bit codes for unshifted and shifted 

phase for a given pair of phase channels. 

Since the operation of the Combiner is dependent 

upon one of the phase curves being 0000 or 1111 (1001 or greater 

for 0c ) while the other phase curve has a value in the encoding 

range; it is necessary to have an error detector circuit to de-

tect if both curves, shifted and unshifted phase, are in the 

encoding region. Such a condition could only occur in the 

area of the cross over points, that is, in the vicinity of 

output codes 00100, 01100, 10100, or 11100. The combiner 

error detector senses that both the shifted and unshifted 

phase curves have values in the encoding region (within + 3t 
increments of a crossover point) in which case the output 

buffers and the limit detecting buffers are reset and the error 

detector forces the appropriate cross over code to appear at 

the combiner output by selecting the appropriate values of E 

and F as indicated in Table 4.6-1. For errors greater than 

3t increments, the Combiner output is 00000. 

Sections Band C are gates which decode the 
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information from Section A into the combined output. Two bits 

generated from the limit detector buffers and modified by 

t e error detector for use in the decoding. These two bits 

labeled E and F in the following table in which the rela-

t 'onship to the limit detector buffer outputs is shown. 

TABLE 4.6-1 

COMBINER ERROR DETECTOR OPERATION 

U shifted Unshifted Shifted Shifted EF Combined 
= 1111 = 0000 = 1111 = 0000 0 

0 1 0 0 00 315° -45° 

0 1 0 1 00 45° 

0 0 0 1 01 45° -135° 

1 0 0 1 01 135 ° 

1 0 0 0 10 135° -225 0 

1 0 1 0 10 225° 

0 0 1 0 11 225 0 -315° 

0 1 1 0 11 315 ° 

Considering this, and defining A, B, C and D to 

be the storage buffer outputs with A being the most signifi-

cant bit, then the logical equations for the fine phase com-

biner output are as given below: (AF = MSB) 

"----__ ---1 

AF EF + ElF! (AB+AC+AD)+EIFI (A+B'CID!+BCD) 

BF = EIFI (AB+AC+AD)+EIF(A+B!CID'+BCD)+ 

EF' (AIBD!+AfCID+AIB!C)+EF(AI+B!C!D!) 
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CF = (EF+E'F') (i\B+i\D+i\C)+(EIF+EF') (i\'C'+t-l'B'+i\'D')+ 

(A'B'C'D') 

DF = (EF+EtF') (BCfDf+BI D+B'C)+(E'F+EF')(BC'+BD'+ 

B'CD) 

EF = CD' + DC' 

Gating for the fine phase combiner is provided by Zl through 

Z9 and z18 on Section C (Board 4121+-61+203). Buffers for these 

outputs are provided by Z10 through Z17. / 

Additional gating is required for the coarse phase 

data, as the Phase Coder requires the output codes for both 

coarse and fine phase to be straight binary. The logic equa-

tions for the coarse phase combiner and the intermediate bit 

G are: (i\c = MSB and A, B, C, D are the storage buffer outputs). 

G = AlB' + AfBC'D' 

Ac = EFGBI (CD) , + EIF'G' 

Bc EFt + EF [ G I + G(B+CD)] 

Cc = F {G' + A'B'CD + A'BC'D' 

~ EF' (S=l) + E'F(U= 1) 

Dc = ElF' [(8:::0) + GI] +EIF (A'B'C' + BfC'D' 

+ i\'B'D' + i\'BCD) + EF [AfB(CD)f + A'B'CD 1 
+ EF' G' 

Ec = (E' F I +E' FG) (CD' + C' D) +E (CD +C' D '; 

In these equations, the functions U and 8 refer to the limit 

condition of the unshifted and shifted data as indicated by 

the Control Buffer outputs. Gating for the coarse phase com

biner is provided by 21 through Z20 of board 1+121+-61+202. 
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o tput of this gating is buffered by z18 thlDugh Z25 on board 

4124-64203. Amplitude information is provided for the buffer 
, 

s~orage directly from the input buffer. Frequency data is 

srored in a 2 - bi t auxiliary buffer on Card A6B. 

I 

I 

Since the x phase data is processed immediately 

arrter the y phase data and both sets of combined data are 

riequired by the SWI addressing logic and are required in the 

o~tput data word, it is necessary to transfer the y phase data 

~o another buffer so that both x and y data can be retained. 

This transfer is made at the same time that the FOV logic is 

s!ampled. The y phase buffer is located in the Buffer Storage 

section, on board 4124-64226 • 

• 6.3 Phase Coder 

'rhe function of the Phase Coder is to provide two 

,dditional bits of phase information which, when added to the 
! 

5-bit combiner output, provides a 7-bit binary code that 
i C 

- ambiguously describes the X or Y co-ordinate of a point in 

he system field of view. This code is produced from the 

oarse and fine phase codes which are generated in the Phase 

iombiner. The block diagram of the Phase Coder is shown in 

'igure 4.6-4. Refer to the Coder schematic, drawing No. 4124-

4004 for additional details. The coarse and fine phase data 

re Clocked into the Phase Combiner buffers by the ,appropriate 

ulse (Tf of Tc) from the A timing generator and the buffer 

0utputs are used by the coder. Encoding action is such as 
I , 
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give an output code (T U V W X Y) consisting of two bits (T 

and U) generated in the Coder and the four bits of the fine 

plilase from the Combiner. Calculations are also made to deter-

mine if the point described by the coarse and fine phase in-

puts is within the boundary of the field of view. If the point 
! 

I 

I es outside the field of view, a field-of-view (FOV) inhibit 

c mmand is issued via the inhibit logic circuitry to stop the 

ocessing of information. Figure 4.6-5 is a representation 

the system field of view. 

Implementation of the FOV logic in the Coder can 

greatly simplified from the straight combinational logic 

a proach by recognizing the relationship between the absolute 

lues of the 5-bit codes for coarse and fine phase. It can 

seen that if the values of the fine phase are divided by 

o and the corresponding coarse phases than subtracted from 

em, the absolute differences obtained fall into ranges that 

c n be used to generate a non-ambiguous phase code for the 

to + 900 0 (Horizon-to-Horizon). For this system, 

t e range -720 0 to + 720 0 was chosen. This range can be obtained 

by generating two bits of phase (T and U) which, as previously 

entioned, are the two most significant bits of phase and then 

etermining which 360 0 interval the phase is in according to 

he following: 

SECRET 
SPiCIAl HANDlIN6 

Approved for Release: 2017/08/16 C05099935 

50X1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I ~ '----------~ 
I 
I 
I 

,,09[ I 

I 
I 
I 
I 
I 0-

I 
I 
I 
I 
I , 09[-

I nOC;~-

>-, 
~ 
0 I 

I 
I 

Approved for Release: 2017/08/16 C05099935 
.., ... '" r\. ... 

0 
0 
0 

0 
0 

g 

SPECIAL HANDLING 

- t It I--

- l-

I-

ttt * 

ett ~ 

- 0 - ;; - ;:: 0 - 0 0 - 0 '" 0 - 0 0 - 0 0 - - 0 0 ;:' g 0 0 0 - - -0 0 0 0 ;::: ;::: ;::: ;::: ;::: ;::: -
0 0 0 0 0 

3S'IHd ),. 

SECRET 
SPECIAL HANDLING 

l-

I--

+--
+--

0 
0 
0 --
0 
ro ,-

Approved for Release: 2017/08/16 C05099935 

OOlO lO 

llOOlO 

a lOO lO 

lOOO lO 

OOOOlO 

llllOO 

o lllDO 

l 0 llDO 

OOllOO 

llO lOO 

OLD lOO 

lOa lOO 

000 lOa 

lllOOO 

o llOOO 

lO lOaD 

00 lOOO 

llCOOO 

o lOOOO 

lOOOOO 

000000 

llllll 

Olllll 

lO llll 

OOllll 

llO III 

OlOlll 

lOO III 

000 III 

lllOll 

o llOll 

lOlOll 

OOlOll 

llOO II 

o lOO II 

lOQOll 

0000 II 

llllO l 

,] lllO l 

lO llO l 

00 llO l 

/..xM"n~ 

52000-R500 
Page 277 

~ 
(]) 
.,\ 

::> 
'+-1 
0 

'd 
rl 
(]) 
.,\ 

Ii. 

S 
(]) 

w +J 
"" (fl 
<i :>, :r: 
0- W. 
x 

u\ 
I 

IV 

.::t 

(]) 

H 
~ 
bO 
.,\ 

Ii. 

~ ( . 

50X1 

50X1 



Approved for Release: 2017/08/16 C05099935 
';;1II:\"'~lI:l 

SPECIAL HANDLING 

OUTPUT LOCATION IN FIELD OF VIEW 

T U Fine Phase Degrees 

00 o to +360 

01 +360 to +450 

10 -450 to -360 

11 -360 to 0 

50X1 

Ranges for the absolute difference between the 

f ne phase (divided by two) and the coarse phase are given in 

t e following table as an aid to lmderstanding operation of 

Coder logic: 

TABLE 4.6-2 PHASE CODER AMBIGUITY REMOVAL LOGIC 

Borrow = 1 MSB Borrow = 0 
es for A-B TU Ranges for A-B TU 

to 00001 00 00000 to 00010 00 

to 00101 11 00011 to 00110 01 

to 01001 10 01011 to 01110 10 

to 10001 01 01111 11 

to 10011 00 

As seen from the Phase Coder Simplified Block Diagram of 

Figure 4.6-4, implementation is accomplished with a 5-bit 

f 11 subtractor with end around borrow which produces an 

difference. The end arm.md borrow is produced when-

minuend is smaller than the subtrahend and results 

l~ __ 
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in an output which is the compliment of the absolute difference. 

Using this borrow to tell whether to use the true absolute 

difference or the complement of the absolute difference, the 

phase bits T and U are obtained by combinational logic net-

works. 

As previously mentioned, the fine phase must be 

divided by two before the subtraction process. This is 

accomplished by a binary shift in the full subtractor in which 

the four MSB's of fine phase are entered into the subtractor 

as bits 2 thru 5 of the minuend. The most significant bit of 

the minuend is hard wired to a binary zero. The borrow from 

the MSB of the subtractor is returned to the lIBorrow In II in-

put for the LSB. This is shown in both the Block Diagram of 

Figure 4.6-4 and the schematic for the full subtractor 4124-

6400Ll. The modules which make up the subtractor logic are 

Z13-Z28. 

The 5 bit difference from the subtractor and the 

IvISB borrow are used by the Phase Coding Logic (modules Zl-Z12) 

to generate the 2-bit coder output used by the SWI address 

logic. In addition a FOV inhibit is sent to the Inhibit Logic 

if the signal being processed is out of the FOV in either the 

X or Y direction. The Load Y signal is sent to the SWI address 

register only if the Y phase data is found to be in the FOV. 

Inhibi t sample pulses are synchronized by the 11 A 11 timing 

generator in the Programmer to occur at the instant that the 
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Fdv data has been processed. Combiner processing of the X and 

Y phase data is done serially. 

Since Y phase data is processed first, if it 

generates a FOV inhibit there is no need to wait for X phase 

d~ta to be processed. An Inhibit is generated immediately 

a1d processing of the signal which produced the Y FOV Inhibit 
I 

i~ aborted. The following equations describe the logic con-

d~tions which generate FOV Inhibits. 

Y inhibit = [TUAF + TIUIAIF ] 

X inhibit = J x [TIUI + TU + TUI (AF BF) + TfUAfFBFfJ 
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The Space Window Index (SWI) logic (Figure 

in conjunction with its associated memory, provides a space-

oriented reference for sorting and correlating interleaved 

pulses from multiple emitters. Storage for the sorting opera-

tion is provided by the SWI memory, a seven plane stack of 

ferrite core arrays, each array consisting of 16 cores in the 

Y axis and 40 in the X axi.s. This 16 x 40 matrix represents 

the Field of View of the system, with each core thus represent-

ing an area equal to the resolution elements in each axis. The 

memory is addressed by the coded phase data from the Coder-

Combiner, so that information written into the memory at a 

given location (given combination of phase codes) can be read 

out when the same phase data recur, i.e., when another pulse 

is detected from the same location in the Field of View. This 

technique permits identification of incoming pulses by relating 

their direction of arrival with those of preceding pulses. 

The SWI memory is normally cleared at the end of 

each frequency step, so that multiple emitters at the same 

location can be resolved if their frequencies are different. 

If no data exists at the selected location, the pulse is de-

fined as a first pulse from that particular emitter. This 

causes a "Space Window ll to be generated, by writing into the 

memory seven data bits in each of nine addresses in a 3 x 3 

array. These addresses consist of the one which was originally 
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interrogated, plus the eight cores surrounding it. The purpose 

of the If Space Windowll is to allow better correlation of data 

in the presence of noise, i.e., the phase codes may change 

slightly for successive pulses, causing any of the nine 

addresses to be selected, and data for these pulses will all 

be grouped together in the Buffer storage Memory. The seven 

SWI data bits consist of a tag bit, which is always a ONE, and 

six bits of Buffer storage address. These six bits define the 

location in the Buffer storage which is reserved for data from 

the particular emitter. 

When an arriving pulse causes the memory to be in-

terrogated at an address which is part of an existing Space 

Window, the seventh plane will contain a ONE. This indicates 

to the logic that at least one other pulse has been received 

from the same location. The remaining six bits define the 

Buffer Storage address at which the previous data have been 

stored. The Buffer Storage memory can thus be interrogated to 

determine the exact number of pulses already received, and also 

to obtain the data necessary for computation of Pulse Repeti-

tion Interval (PRI). 

The SWI logic section is bypassed for Time-

Attitude Words (TAW1s) and in the Memory By-Pass Mode. In 

these modes, a Load Command is sent immediately to the Buffer 

Storage, and the memory interrogation and space window genera-

tion routines are not employed. 
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SWI logic consists of two complete logic 

assemblies in the data handler, plus one side of a third. The 

m4jor logic groups are the Control Logic, the Memory Address 

L~gic, and the Buffer storage Address and Tag Logic. The core 

m~mory and its drive and sense circuits are discussed in de-

t il in Section 

4 6.4.1 SWI Control Logic 

The SWI Control consists of a four-bit Control 

C unter, associated decoding gates, and logic for accepting 
! 

i 
a~d generating the various commands and control levels. The 

l?gic is synchronized by the 250 KHz output of the System Clock, 
I 

producing a basic clock interval of 4.0 microseconds. 

I Receipt of a "TAW Ready " signal from the Program-

m~r initiates a Load sequence. (See Flow Chart of Figure 

I ). The TAW flip-flop in the Control Logic is set to 

srate (30 )4(quadral notation). 

tris produces a Load Command to 

If in the Memory By-Pass Mode, 

the Buffer Storage. If the 
I 

st;-stem is in normal mode, a "READ" signal is sent to the Next 

Write Address Counter (:NwAC), sampling its outputs and advanc-
I 

itg the count by one. At the end of the clock cycle, the Con-

~rol Counter advances to 
I 

generating a Load Command and 

disabling the clock line to the Control Counter. 

At the completion of the Buffer Storage Load 

Joutine, a IIData Stored" indication is received. This causes 

a Cxy signal to be generated which initializes all buffers in 
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the control logic and control counter, and initiates a System 

Reset in the Programmer Logic. 

Figure 4.6 

When processing intercept data (see Waveforms of 

)~ the SWI logic sequence is initiated with a SWI 

START pulse. The READY flip-flop in the Control Logic is then 

set within 4 microseconds. On the next clock cycle, a Rxy en

able will be generated in the Control Counter gating and sent 

to the Address Control Logic to enable reading of the SWI loca-

tion specified by the encoded phase data. 

At the completion of the "Read xy" cycle, the Con

trol Counter advances to state (01)4, and the tag read from the 

seventh plane of the SWI memory is examined. 

If the tag is zero and the Buffer Storage is not 

full, the Control Counter remains in state (01)4' If the tag 

is zero and the Buffer Storage is full, the Control Counter is 

preset to state (23)4' 

Assuming that the SWI tag is zero and the Buffer 

Storage is not full, a Read pulse is produced to sample and 

advance the Next Write Address Counter (NWAC) , and a series of 

Read-Write pulses is produced to "paint!! a "Space Window!! 

around the SWI memory core which is at the x and y co-ordinates 

for the source being processed. This "Space WindOW" is a 

3 x 3 array of cores in each plane. The position of this 

3 x 3 array in the 16 x 40 core SWI Memory plane coincides 

with the emitter 

~~ 

location in the 32 x 80 code (fine phase) 
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field of view. Thus, each time a signal is received from a 

particular emitter, the same "space window" will be interrogated 
Z 

in the SWI. The dimension in the three-dimensional SWI memory 

array contains the 6-bit Buffer storage Address where data 

about a particular source is located, and a I-bit tag which is 

set to a ONE for the first and subsequent pulses from a given 

source during a specified dwell period (frequency step). In 

this way the SWI memory translates field of view location to 

Buffer storage Address. The Buffer storage contains two addi-

tional tag bits which are updated with each pulse processed,to 

provide the sub-word address for 1st, 2nd, 3rd, and 4th pulse 

data. Each data word (TAG Word) is a composite of the data ob-

tained during one dwell period, data being added for each pulse 

up to the fourth. Pulses after the fourth in a given dwell are 

disregarded as far as writing additional data is concerned. 

The sequence of Read-Write enable pulses required 

to write the space window, and the Control Counter states where 

they occur are shown in Table 

After 

TABLE 

Read-Write 
Enable 

x-l) (y+l) 
x) (y+l) 

X+ll!y+l) x+l y) 

Control Counter 
state 

x+l y-l) 
x) (y-l) 
X-l~(Y-l) 
x-l lY) 
he 'Space Window'! 

01 4 
02 4 
03 4 
10 4 
11 4 
12 4 
13 4 
20 4 

has been "painted in the 

SWI memory, the Control Counter advances to state (23)4. This 

generates a Write (X) (Y), storing the seven bits of data in 
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I The Control Counter then advances to state (30)4, 

generating a clear signal, which resets the X and Y address 

registers, the Z register, and the DATA and REP~Y flip-flops 

in the Control Logic. Reset of the READY FF generates resets 

for the four Control Counter Stages. This returns the counter 

t~ state 0, and the SWI logic is prepared to receive a new com-

mand. The Clear pulse also initiates System Resets. 

If the Buffer Storage Full indication had been 

present, the Control Counter would have been set directly to 

s~ate (23)4' as discussed above. In this situation, the action 
I 

of generating Write (X) (Y), and all subsequent steps, proceeds 

e~actly as discussed in the preceding paragraphs. 

I If the seventh plane of the memory had contained 

a: Ol\TE when location (X) (Y) was interrogated (Control Counter 

il~ states 0 and 1), it would indicate that the selected loca

Jlon was a part of a previously generated space window. In 

~~s case, the re~ini~ six planes will contain the Buffer 

~torage memory address in which the previously obtained infor-

mation is stored. The Control Logic will detect that the SWI 

lag at location XY is a ONE and will generate a Buffer Storage 

~nterrogate Tag Command when the Counter advances to (01)4-

J
. This command causes the Buffer Storage Logic to 

ead the tag sections (see Paragraph 4.6.8) of the address de-
I 
,ined by the six bits read from the SWI memory. These sections 

aontain seventeen bits of FTOA information for PRI computation, 
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plus two tag bits which define the number of pulses already 

received from this particular space window. The decimal equiva-

lent of the two-bit binary number is equal to one less than the 

number of pulses already received, e.g., a 10 condition (decimal 

2) indicates that three pulses have been received, etc. 

When the Buffer Storage has completed readout of 

the tag section, it generates a IIC Data Available lf indication. 

If the two tag bits are both ONE, indicating that data concern-

ing four pulses have already been stored, the Control Counter 

is preset to state (23)4* This produces a Write (X)(Y) and a 

return to a Ready State, as discussed above. 

If the tag bits are not both ONES, a Load Command 

is generated to store the data concerning the received pulse 

in the Buffer Storage memory. On receipt of the Data stored 

indication, the Control Counter is preset to state (23)4, and 

the remainder of the sequence proceeds as described above. 

4.6.4.2 Memory Address Logic 

The SWI memory addressing logic performs the func-

tion of decoding the phase data to select the appropriate drive 

lines for the core memory, then producing enables for the 

selected lines w'ith the correct timing and pulse width. The 

memory is a conventional coincident current type with selection 

being performed at both ends of the drive wires. This requires 

that two driver circuits (one source and one sink) be selected 

and enabled for each axis. For this discussion, a source will 
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b designated as a driver, and a sink will be designated as a 

switch. 

For Y axis selection of switches and drivers, only 

the four MSB of the five bits of fine phase data are used, 

a~ong with an enable pulse (set Y). Set Y samples the data 

l~nesJ storing the states in the four RS flip-flops. The out-
I 
I 

p~ts of the flip-flops drive the decoding logic which energize 

t~e memory drivers and switches. Outputs from the Control 

Ciounter gates perform the addition and subtraction enables to 

the addressing logic as the Space Window is written. 

The outputs which are selected for the various 

clombina tions of input codes are shovm as follows (assuming 

1nable of (X) (Y) J either Read or write) : 

INPUT OUTPUT #1 INPUT OUTPUT #1 

J4 2 3 22 21 Driver Switch 24 2 3 22 21 Driver Switch 

0 0 0 1 1 1 0 0 0 1 3 

0 0 1 2 1 1 0 0 1 2 3 

0 1 0 3 1 1 0 1 0 3 3 

0 1 1 4 1 1 0 1 1 4 3 

1 0 0 1 2 1 1 0 0 1 4 

1 0 1 2 2 1 1 0 1 2 4 

1 1 0 3 2 1 1 1 0 3 4 

1 1 1 4 2 1 1 1 1 4 4 

The above relationships are modified when any 

function involving (Y+l) is enabled. This modification can 

50X1 
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be visualized as simply adding or subtracting one bit from the 

four-bit address code shown in the table. One bit is added 

during (Y+l) functions, and one bit is subtracted during (Y-l). 

For example, a code address of 0011 (decimal 3) would select 

Driver #4 and Sw'itch #1, during (Y) functions. During (Y+l) 

functions, however, this code would select Driver #1 and 

sw'itch #2, i.e., the same selection as would result from an 

input code of 0100 (decimal 4) during (Y) functions. This 

code address w'ould sele ct Driver #3 and swi tch #1 during (Y -1) 

functions. 

The four-bit buffer register is reset at the 

completion of a processing cycle by a Clear signal from the 

Control Logic. 

The portion of the X addressing between -360° 

and 0° is similar to that described for the Y axis (-180° to 

+180°). The discussion of the decoding technique for the Y 

axis is applicable to this portion of the X axis also, with 

all X and Y designations interchanged. The main difference 

here is that the 2 MSB of the 7-bit FOV address are used for 

X and not used for Y. Also, the input at Bit 5 is inverted 

for the Y axis, and not for the X axis, and the switch desig

nations shown in the table as 1 through 4 are changed to 2 

through 5, respectively, for the X axis. 

The remaining portion of the X-axis selection 

logic is addressed differently than for Y. This logic uses 
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e four most significant bits of the encoded phase data, con-

sisting of the two MSBls of the fine phase, plus two additional 

bits generated by the Coder-Combiner, which indicate the proper 

quadrant of the field of view'. A discussion of the generation 
i 

and significance of these bits is included in the Coder-Combiner 

section, para. 4.6.3. 

The four-bit address register in this logic is 

set by Set X and cleared by Clear (X) (Y), as was the case for 

the four-bit buffer for the other portion of the X addressing. 

Four OR gates are included in this logic for 

combining the outputs of this logic with that of the other X 

Eelection logic. These are necessary in that enables for 

Ewitches 2 and 5 may be generated by either set of logic and 

hey must be combined to cover the FOV. 

The outputs of this portion of the addressing 

logic, for all combinations of input data, are shown in the 

ollowing table: 

TABLE SWI ADDRESSING LOGIC (X FUNCTIONS) 

INPUT OUTPUT INPUT OUTPUT 
26 25 24 23 26 25 24 23 

0 0 0 0 s6 1 0 0 0 -
0 0 0 1 S7 1 0 0 1 -
0 0 1 0 s8 1 0 1 0 -
0 0 1 1 S9 1 0 1 1 Sl 
0 1 0 0 SlO 1 1 0 0 * 
0 1 0 1 -- 1 1 0 1 * 
0 1 1 0 --
0 1 1 1 --

50X1 
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The dashes indicate invalid code combinations, and 

the asterisks indicate codes for which the selection gates in 

the other portion of the logic are enabled. These states are 

valid only when (X) functions are involved. For (X+l) and 

(X-I) functions, the logic is modified to effectively add or 

subtract one bit from the actual phase code. For (X+l) func

tions, the following table applies 

rI'ABLE SWI ADDRESSING LOGIC (X+l FUNCTIONS) 

INPUT OUTPUT INPUT OUTPlJT 

26 25 24 23 26 25 24 23 0 

0 0 0 0 S7 1 0 0 0 -
0 0 0 1 s8 1 0 0 1 -
0 0 1 0 S9 1 0 1 0 -
0 0 1 1 S10 1 0 1 1 -
0 1 0 0 - 1 1 0 0 -
0 1 0 1 - 1 1 0 1 -
0 1 1 0 - 1 1 1 0 -
0 1 1 1 S2 1 1 1 1 s6 

The outputs for the (X-I) functions are shown in 

the following table: 

TABLE 

INPUT 

26 25 24 2 3 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 

[ J 

SWI ADDRESSING LOGIC (X-I) FUNCTIONS) 

OUTPUT INPUT 

26 25 24 

S5 1 0 0 
s6 1 0 0 
S7 1 0 1 
s8 1 0 1 
S9 1 1 0 
- 1 1 0 
- 1 1 1 
- 1 1 1 

I 
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Buffer Storage Address and Tag Logic 

The balance of the SWI logic consists of a six-

hit, ripple counter, a seven-bit buffer register, a six-bit 

output buffer logic for updating the Buffer Storage tag bits, 

amd gating to provide enable pulses for the inhibit (Z aXis) 

crivers in the SWI memory. 

The six-bit counter is reset only by the initial 

reset (RSI delayed) from the Programmer and is advanced by the 

Fead NWAC pulse. This pulse is normally at ground, and, when 

't becomes high, the present state of the counter is transferred 

\ia six NA~~ gates into the six most significant bits of the 

cutput buffer register. The outputs of this register provide 

he Buffer Storage with the correct address for storage of 

'nformation. 

As discussed above, generation of a Read ~MAC 

ndicates that a pulse from a previously undetected emitter 

s being processed, or that a TAW is being stored. The INAC 

tate defines the next unused address in the Buffer Storage 

I1emory, so that the transfer of this address into the six bits 

pf the output buffer register conditions the Buffer Storage to 

~tore the new data in that address. When the Read ~wAC returns 

00 ground, the six-bit counter is advanced one step, thus 

)lacing it in the proper state to define the next unused Buffer 

~torage address. 

The contents of the NWAC are sampled at each 
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Change Frequency Command (CFC). The address thus sampled, and 

sent to the Buffer storage logic, defines the first Buffer 

Storage address w'hich will be used during the next frequency 

step. This is used by the Buffer Storage to stop the transfer 

of data from the core memory to the Core Storage Unit, and the 

address is defined as the Stop Readout (SRO) address. Details 

of this operation are included in the Buffer Storage logic 

discussion. 

When the SWI memory is interrogated, the contents 

of the selected address are placed in the seven-bit input buffer 

register. A ONE in the seventh (tag) plane results in a ONE 

indicating that pulses have been previously detected from the 

selected coordinates (see Para. 4.6. The remaining six 

bits define the Buffer Storage address which was used for stor-

age of the previous pulse data, and condition the buffer stor-

age logic for Tag Interrogation and storage of new data. 

Writing of the seven bits into the memory is con-

trolled by the inhibit driver gates. Inputs to these gates 

are from the output buffer for Tag equal zero and from the in-

put buffer for Tag equal ONE. These gates are enabled by a 

Write Z pulse from the Control Logic, and produce a ground-

true inhibit pulse to the memory drivers for each bit which is 

a ZERO. The output buffer register is reset at the completion 

of the processing cycle. Input Buffers are reset after each 

Write pulse and before the next Read pulse. 
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The inhibit driver for the seventh plane is nor-

mally disabled by the Buffer storage Full level so that a ONE 

is written into this plane on every Write cycle. If the Buffer 

Storage is full, however~ data concerning new emitters cannot 

be accepted. In this case, the seventh plane is written with 

the same logic state which was read out. 

The Tag, Logic performs the addition of one to the 

~ag bits read from the Buffer Storage. For a first pulse from 

a given location, the seventh plane register stage will contain 

a ZERO, thus causing the two tag bit outputs to be ZERO. For 

$ubsequent pulses from the same emitter, the tag bits follow 

the relationship shown below: 

INPUT OUTPUT 
MSB LSB MSB LSB 

0 0 0 1 
0 1 1 0 
1 0 1 1 
1 1 1 1 

If both input tag bits are ONEs, this indicates 

hat four or more pulses have already been processed from the 

ame location. 
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The purpose of the inhibit logic is to keep the 

data handler from reading out erroneous information. This 

is accomplished by using the inhibit and confirm signals 

generated in the IF assembly in conjunction with inhibits 

generated within the data handler. It is desirable to have 

the capability of disabling one or all the inhibits and 

confirms. This is accomplished by the use of Relay Commands 

which are controlled from the ground. Table gives a 

description of the inhibit and confirm signals and the com-

mands which disable them. 

4.6.5.1 Theory of Operation 

The logic (see Figure 4.6- ) is designed to 

receive all confirm signals and no inhibit signals at the 

inputs to the buffers, or an inhibit will be generated. In 

other words, if anyone of the four confirm buffers has not 

been set, or if the inhibit buffer has been set by anyone 

of the three inhibit signals (when the lIInhibit Enable ll 

buffer is set), an INHIBIT will be generated. 

The llInhibit Enable" buffer is set by (55), the 

fifth coder combiner sample pulse. This allows approximately 

five microseconds after leading edge of the intercept signal 

for all Inhibit/Confirm signals to be received from the IF, 

which is very adequate. If an inhibit is generated at this 

time, further processing is aborted, and a system reset is 

generated to clear all buffers. 
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INHIBIT/CONFIRM 
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Inhibits if the Signal level at 
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antenna is below -93 dbm @ 23° 
off bore sight 

No Confirm if 1. F. frequency 
is not 20 Mc +1. 5 Mc 

Inhibit if emitter location 
is outside the FOV 

No Confirm if pulse width of 
signal is less than 0.4 usec 

No Confirm if the signal is not 
20 Mc above or below the L.O. 

x Subject to threshold level change 
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If no inhibit and all confirms are received from 

the IF, the system will continue to process until a field of 

view inhibit is received (in either the X or Y dimension) or 

processing is complete. 

One point should be made clear at this point. 

If an inhibit is generated it does not cause a system reset 

until the trailing edge of the pulse being processed. The 

generation of the inhibit does stop further processing, 

however. In this way, if a ew source is received, the system 

will wait until the end of the 24 ~icrosecond period (which 

identifies ew) to generate the system reset. This allows 

identification of the eii[ source, even though it may produce 

inhibits, and allows the system to process other signals in 

the presence of such a ew source, if they are of sufficient 

amplitude. 

"---------~ 
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Operation of the System Programmer is described 

in Flow Chart form in section The various sections 

of the programmer are: The HAil Timing Generator, System Reset 

Generator, Programmer Control Logic, and the Delay and Dwell 

Timers. Detailed operation of the hardware for these sections 

is described in paragraphs 4.6.6.1 through 4.6.6.4. 

4.6.6.1 Coder/Combiner Timing Generator 

It is the function of the timing generator shown 

in Figure 4.6- to provide all necessary timing signals for 

the A/D Converter, Phase Coder, Space Window Logic, and Inhibit 

logic during the phase encoding operation. Inputs to the gen

erator are the 4 MHz clock, a START signal from the Programmer 

and a System Reset also from the Programmer. Ou~uts are shown 

in the timing diagram of Figure 

Each time a START pulse is received, the timing 

generator produces a fixed series of timing pulses and then 

shuts down and waits for the next START pulse. The Count Con

trol logic enables the 4 MHz clock to be gated to a four bit 

ring counter. Both the four bit ring counter and the ten bit 

SR are preset by preset drivers so that the first F/F in each 

register contains a logical one and all others contain logical 

zeroes. Using this technique the four bit ring counter outputs 

will be 250 nanosecond pulses occurring at a 1 tJIHz rate. One 

of the ring counter outputs provides the 1 MHz clock to the 

10 bit shift register. 
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Outputs of the ten stages of the shift register 

will be 1.0 microsecond pulses occurring in time sequence. 

These outputs are used to sequentially interrogate AND gates 

to obtain the AID timing pulses Sl-SlO. Since positive true 

pulses are required by the AID converter,. inverting buffers 

are provided. The remaining timing pulses shown in the Timing 

Diagram of Figure are obtained by logic operations using 

the register outputs. Termination of the timing sequence 

occurs either by interruption (SYSTEM RESET) or after all tim-

ing pulses have been generated. An interrupt of the sequence 

may occur as a result of any inhibit generated by the I.F. 

Assembly or by a Field of View Inhibit generated by the Data 

Handler. 

4.6.0.2 System Reset Generator 

System resets are generated to clear the storage 

flip-flops of the system so new data can be processed. They 

occur under the following conditions: 

1. 

2. 

3. 

4. 

Initial turn-on of primary power 
(before p/L on command is received). 

After processing each pulse 

When an inhibit is generated by reception 
of an t!invalid tt pulse. 

At the end of each dwell period. 

5. After 500 milliseconds if none of the 
above occurs. 

A block diagram of the System Reset Generator is 

shown in Figure 4.6-
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Timing of vehicle commands has been programmed 

so that there will always be a one second delay between 

application of primary power and issuing the read in ON command. 

During this interval~ system resets called RSI resets are gen-

erated to erase the Space Window and Buffer Storage core 

memories. These resets are 4 microsecond pulses occurring 

at a 7.8 Hz rate. (See Figure 4.6- .) Since the erase 

currents are quite large, they are time staggered to allow 

one cycle of the 250 KHz clock between erase pulses. 

Generation of RSI pulses is accomplished by 

setting the first stage of a five stage shift register to a 

ONE with the other four stages cleared. After the register 

has been preset, the logical ONE is propogated down the string 

with each shift pulse and logical ZEROES are shifted into the 

register. Resulting outputs are shown in the RSI Generator 

portion of Figure 4.6-

Normal system resets are generated by a second 

shift register arrangement. Here, the first stage is SET and 

the second stage is cleared by a START pulse. This START 

pulse is produced by a logical OR of the input functions 

(See START GATE inputs on Figure 4.6- ). Thus, a normal 

System Reset is produced on the next positive transition of 

the 500 KHz clock after the start pulse. The SWI memory is 

erased after every CFC as well as during RSI. Therefore, an 

OR gate is provided to produce this function. 
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This logic provides a direct implementation of 

the Programmer Control routine as shown on the block diagram 

of Figure 4.6- The ten state shift counter the sequenc-

ing logic, TAW control buffers and the word ID generator keep 

track of the type of data being processed and initiate opera-

50X1 

tion of various measurement and timing devices during the process-

ing cycle. The ten state shift counter logic contains ten 

gates which determine when the counter is to be shifted to the 

next state by the 500 KHz clock. When a pause is required in 

the control routine to perform some function such as to write 

a TAW (start delay timer) or process an intercept, (1st AID 

sample) the output clamp effectively holds the control counter 

outputs to control state zero until the processing is complete. 

At this time a system reset releases the clamp. 

The TAW control buffers enable gates in the se-

quencing logiC to set the word ID generator on 'rAW words, and 

to start the delay timer and pitch and roll (A & B) encoders. 

The word In generator contain the three bits of 

data which, when modified by the buffer storage tell whether 

a data word contains a TAW word or intercept word according 

to Table ~·.4-5. 
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Calibrate Intercept (1,2,3, or 4 
pulses) 

One Pulse Normal Intercept (Memory 
By-Pass Mode) 

Two Pulse Normal Intercept 

Three Pulse Normal Intercept 

Four Pulse Normal Intercept 

stop 

Start 

Time-Attitude (or status) 
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41.6.6.4 Delay and Dwell Timers 

The function of the Delay Timer is to provide 

~ither 2, 4, or 262 millisecond delays for use by the system 

Programmer. The 2 millisecond delay is used only to allmv 

a settling time for the Loc al Osc illat or when a 11 normal II 

Jrequency change is made. The 4 millisecond delay is used for 

t!he following: 

1. Attitude encoding 

2. Calibrate pulses being generated 

The 262 millisecond delay is used when going 

~rom the high end of a frequency band to the low end of a 

and, or" when operating in partial scan and going from the 

end of partial band to the low end of a partial band. 

A block diagram of the Delay and Dwell Timers is 

shown in Figure 4.6- The Delay Timer is a six stage 

tipple counter. Output of the last stage is used to block 

qlock pulses whenever it is a logical ONE. In this state, 
! 

00 further counting is done until a START pulse is received 

~hiCh clears the last stage of the ripple counter, and removes 

ihe inhibit on the clock line. 

I NAND gates in the Hode Selection Logic detect 

Then the ripple counter reaches a count of 8 and 16 respective

y, corresponding to a delay of 2,262 or 4 milliseconds from 

he START pulse. Only one of the NAND gates will produce an 

~utDut for each START pulse. Neither the 2 or 262 msec LO 
I -
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i 
Delay is selected unless the start LO Delay signal is received 

signifying that the LO is changing f~equency. Normally the 

2 millisecond delay is selected except when the LO is changing 

from the top of a frequency band (whole or partial) to the 

blottom of a band. 

time is required. 

At this time a 262 millisecond settling 

At the end of either the 2 or 262 mill i-

second delay a Dwell Timer Reset is generated. 

The 4 millisecond delay time is used for attitude 

1nCOding and generation of CAL pulses. The Cal Gate Reset 

~s always generated at the end of a 4 millisecond delay_ The 

':QAW Ready signal is only generated I;vhen a TAvJ ID is detected. 

The Dwell Timer is a six stage ripple counter. 

dlOCk selection logic is provided. Normally, the 976 Hz clock 

is used, but the 488 Hz clock may be selected by the Increase 

J,:ell Time command. Outputs of the last stage of the Dwell 

tlmer indicate when the Dwell Time has expired. 

.:..--r 
"------____ ---l 
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Figure 4.6-

Approved for Be.!e~s~~ ~OJ 7/08/16 C05099935 

SPECIAL HAt>.JDLING 52000-R500 
Page 280.33 

Encoder liD!! Pulse Repetition Interval (PRI) 

The D encoder shown in the block diagram of 

, consists of an FTOA (fine time of arrival) 

sample generator, a 17 bit FTOA Buffer, a 17-bit full sub-

tractor, an overflow detector, and output gating. The FTOA 

Buffer receives 17 bits of time data from the system clock, 

storing this data on receipt of a SFT command from the FTOA 

sample generator. This stored time is transmitted to the 

Buffer storage as fine time of arrival of a pulse. The time 

of arrival of the last prior pulse of the same pulse train 

is received from the buffer storage and is subtracted from 

the time of arrival of the pulse being studied. The 13 bit 

difference from stages 2-14 is stored in the Buffer Storage 

core memory as PRI (Pulse repet ition interval). The 3 MSB 

of the difference are logically OR'd together in the overflow 

detector, and cause the PRI to read all ZEROES if overflow 

occurs. Thus, the range of the PRI encoder is from 56 micro

seconds (minimum system processing time for a valid pulse) to 

8192 microseconds, before overflow occurs. The overflow 

detect circuit will indicate overflow from 8.192 to 65.5 

milliseconds. Since the maximum dwell period is 45 milli

seconds, there can never be any IIwrap-around!! of the PRI 

encoder caused by a measured PRI greater than the overflow 

detect period. 
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The purpose of the FTOA Sample Generator is to 

generate a narrow (250 nsec) sample pulse, synchronized to 

the system clock. This pulse is used to strobe system clock 

outputs into the FTOA buffers at such a time that none of the 

stages in the system clock chain is changing state. Since 

the highest frequency in the FTOA data is 1 MHz, the sample 

must be synchronized to the 2 MHz clock. The function used 

for the sample is 4 MHz . 2 MHz. Set X The function 

(Set X) occurs on the tenth coder/combiner pulse, after all 

confirm/inhibit decisions have been made and the pulse has 

been determined "valid Il. Thus, on the next occurrence of 

4 MHz . 2 MHz the sample pulse is generated. This sample 

allows a propagate time through the system clock divider 

chain of 250 usee (from the leading edge of the 1 MHz LSB 

to the leading edge of the sample). At this time no counter 

stage should be changing. Since the first five stages of the 

counter are high speed flip-flops (10-20 nsec max. propagate 

time) and the remaining 15 stages are a single propagate 

shift counter, no problems can occur. 
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The Buffer Storage Logic, in conjunction with its 

associated memory, provides temporary storage of intercept data 

and payload status (Time-Attitude) information. Figure 4.6-6 

shows, in greatly simplified form, the relationship between the 

Buffer Storage Logic and the Space Window Logic discussed in 

the preceding section. 

A Signal Intercept (SI) or a Time A tti tude '\tJord 

(TAW) command initiates a storage cycle. The SWI Control Logic 

interrogates the SWI memory (if the storage cycle is for an 

intercept) to determine further action. The Buffer Storage Con

trol Logic is then commanded to read the tag section of the ad-

dress indicated, or to store data in the indicated address. In 

the case of a Tag Interrogate, the Buffer Storage interrogates 

the specified memory address, reaqing the tag bits to the SWI 

logic and the previously stored FTOA data to the PRI encoder. 

Generation of a Load Command to the Buffer Storage, 

whether preceded by a Tag Interrogate or not, causes the logic 

to begin a storage routine. Appropriate input gates are enabled, 

and the sampled data placed in core storage. The input gates 

are then changed, and the new data placed in an adjacent memory 

area. This process continues until the correct amount of iD-

formation has been stored, at which time the Buffer Storage 

logic generates a signal which returns the system to a "Ready" 

condi tion. The gate s VJhich are enabled on each step are deter-
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mined by the condition of the tag bits, and by the type of word 

(Intercept or Time-Attitude) which is being stored. 

The Buffer Storage Readout Logic is enabled when 

a SWI erase command is generated by the programmer. The mem-

ory is sequentially interrogated, and the data read out in 

serial. Readout ceases when the interrogation logic reaches 

the last address in which valid data have been stored. New 

data can be accpeted and stored during the transfer operation, 

without degradation or loss of information. 

Figure 4.6-7 shows the Buffer Storage in more 

detailed form. The assembly numbers shovfl refer to the data 

handler assemblies which perform the function indicated. In 

addition to these assembly numbers, certain minor sections of 

the logic are provided on assemblies A17, AlB, and A24. These 

assemblies are shared by various portions of the system logic. 

The Buffer Storage logic is synchronized by the 

timing pulse generator, which produces a mul tipha,se clock, 

derived from the crystal-controlled System Clock. The timing 

logic also generates a strobe pulse for the same amplifiers 

in the Buffer Storage core memory. 

The Command and Interface Logic forms the control 

interface with the SWI logic, the Programmer, and certain 

vehicle command lines. The Load Command, Tag Interrogate 

Command, and the tag bits from the SWI logic are accepted by 

the logic, which generates the appropriate Read, Write and 
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Inhibit enables to the memory selection logic. At the com-

pletion of a Load or Tag cycle, the appropriate "resume" indi

cation (either "Data Stored" or "c Available") is generated. 

The Word Identification (ID) bits are generated 

by the Programmer. These bits are employed both in the logic 

and in the output data word to indicate the type of word being 

generated or processed. The significance of these bits. and 

their translation, are discussed in paragraph The 

Initial Reset is generated by the Programmer during the period 

between application of power and enabling of the payload. 

These pulses produce a Master Reset (MR) to normalize all the 

Buffer Storage logic, and also generate a Memory Reset which 

clears the core memory, magnetizing all cores i'n the ZERO 

direction. Vehicle command "Option A" conditions the logic 

to bypass the core memories. 

The Section Counter, located on A13A, is a four 

bit ripple counter which controls the selection of memory dri-

verso The two least significant stages select one of four Y 

axis drivers, while the remaining two select one of four X axis 

drivers. This selection is accomplished by gating located on 

assembly A3. The Section Counter also controls the selection 

of input data lines, via the Input Gate Control logic, located 

on the B side of A13. This logic produces various control 

levels which enable appropriate groups of input gates at each 

step of the Section Counter. The Section Buffer and the 
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Logic provide the capability of accepting new data 

ring Transfer. As the Section Counter is employed during 

b~th Load and Transfer, it is necessary to return the counter 

t~ its original state if a Load interrupts a Transfer cycle. 

T
1 

e four bit buffer stores the Section Counter state during 

ad, and the Interrupt Logic sets that state into the counter 

the completion of the Load. 

The Section Counter is preset at the initiation 

the Load routine, under the control of the tag bits and the 

bits, which define the type of word being stored and the 

rtion of the word which is currently available. The Load 

S broutine Flow Diagram, Figures 4.6-8 and 4.6-9, shovv"Sthe 

of the preset Logic for the various combinations of tag 

The Input Gates, located on assemblies AIO, All, 

A12, and A13B form thirteen OR gates (one for each bit in the 

s bword). 'These gates consist of two input (one data line and 

ne enabling control level) NAND gates. Each of the thirteen 

R gates has a selectable output arrangement. In normal mode, 

he outputs are routed to the memory inhibit driver logic. 

(Memory Bypass) mode, another set of thirteen out

uts is enabled, which sets the input data directly into the 

Register. See Figures 4.6-10 and 4.6-11. 

The Search Counter and associated logic are employed 

the search routine to provide the six bits of memory ad

ress which are supplied by the SWI logic. See Figures 4.6-12 

crnd 4.6-13. 

SECRET 
SPECIAL HANDLING 

Approved for Release: 2017/08/16 C05099935 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



» 
"0 
"0 a 
< 
CD 
c. 
0' ..., 
::u 
CD 
CD 
Q) 
CJl 
CD 

I\) 
a 
-J --a 
00 -...... 
(J) 

() 
a 
0'1 
a 
CD 
CD 
CD 
CJ.) 
0'1 

-

.;c( 

01 
o 
>< -->. 

- - - -
YES 

YES 

- -

YES 

SET INTERRUPT, 
SET SECTiOl'<i 
BUFFER 
RESET SECTION 
COUNTER 

PRESET 
SECTION 
OR ro 
0001 

-
SET WRITE 
FF, Son 
ADDRESS. CTL. 
10 EXTERNAL: 
SET INHIBIT 

WRITE 
llBIH 
FlOA 

-

YES 

RESET 
SECTION eTR, 
GENERATE 

DATA 
STORED 

FIGURE 4.6-8 

-

WHITE 
TAG 

-

10 

11 

-
PRESET SECTION 

COUNT ER 

ALSO ADVANCES 
wORD COUNTER 

SET 
SECTiON 

or.. 

Yb 

NO 

-

RESET 

iNHIBll 

-
WRITE 
DATA 

WRITE 
DATA 

H~ 

LOAD ROUTINE FLmJ CPiliRT 

-
ADVANU:S 

SECTION 
COUNTER 

SET 
WRiTE 

FF 

ADVAI'ICE 
SECTION 
COUNTER 

m 
WRITE 

FF 

-
SAMPLE 
SECTION 

CTR 

NOT 
ABOVE 

-
01 11 1010 
1101 0000 

(0000) 

-

'T: U' 
';J I\) 

Otl 0 
(j) 0 

o 
fU ~ 
()J IJlc 

---1 o 
o 

-

» 
"0 
"0 a 
< 
CD 
c. 
0' ..., 

c,.::u 
.,~ 

(~ 
CJl 

,~ 
..,1\) 

a 
-J a 
00 -...... 
(J) 

() 
a 
0'1 
a 
CD 
CD 
CD 
CJ.) 
0'1 



----I c..,:J"'z:courrrf"u=-OF<I\c--:J"un-v,----~ 
Pagy 288 

i 

--

Approved for Release: 2017/08/16 C05099935 
.JI~\"I"\.~I 

SPECIAL HANDLINe 

~
~"§ 

i,.~~~ ~ 
" 

I~~ ~I 

seCRET 
SPECIAL IIANDlIN6 

Approved for Release: 2017/08/16 C05099935 

50X1 

50X1 

I 
I 
I 
I 
I 
I 
I 

bD 
>:: 

..-I I s 

..-I 
8 
0) 

I >:: 
..-I 
+> 
:::l 
0 
~ 

I rei 
cd 
0 
H 

. I 
0\ 

1 
\D 

I . 
..:::t-

O) 

1-1 
:::l 

I till 
-rl 
r:r... 

I 
I 
I 
I 
I 
I 



» 
"0 
"0 a 
< 
CD 
c. 
0' ..., 
;u 
CD 
co 
Q) 
CJl 
CD 

I\) 
a 
-J --a 
00 -...... 
(J) 

() 
a 
0'1 
a 
CD 
CD 
CD 
CJ.) 
0'1 

- -

01 
o 
>< -->. 

- - - -
NO 

INHIBIT' 

YES 

- -
SET TRANSFER, 
PRE-SET SECTION 
COUNTER 0010 

- - - -
SET 

OPT A 
STROBE 

READ TO 
OUTPUT REGISTER 
RESET BIT CTR, 
SET SHIFT F-F 

SET OPT A 
READ, ADVANCE 
SECTION CTR 

- -
SHIFT DATA, 
ADVANCE 
BIT CTR 

NO 

NO 

BIT 13? 

CHECK 
SECTION 
COUNTER 

YES 

SET LAST 
CYCLE, RESET 
TRANSFER, 
GENERATE 
DATA STORE , 

READY 

FIGURE 4.6-10. OPTION i\ FL01.tJ CHART 

-
CH ECK BIT 

CTR 

-

YES 

CHECK 
SECTION 
COUNTER 

SET 
PARITY 

F-F 

- -

I 

'l:I'Jl 
\J:l 1\) 
OtlO 
(I) 0 

o 
['0 I 
CO~ 
\D <'..'1 

01 
o 
>< -->. 

o 
o 

-

» 
"0 
"0 a 
< 
CD 
c. 
0' ..., 
(~ 
rco 
tel 
;:I~ 
r~ 

~ a 
~ ...... 
(J) 

() 
a 
0'1 
a 
CD 
CD 
CD 
CJ.) 
0'1 



Approved for Release: 2017/08/16 C05099935 
"" ....... I'\. ... I 

SPECIAL HANDLING 

FIGURE 4; 6-1L OPTION A ROUTII:E 'rUlING 

SECRET 
SPECIAL HANDLINS 

Approved for Release: 2017/08/16 C05099935 

50X1 

50X1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



» 
"0 
"0 a 
< 
CD 
c. 
0' ..., 
;u 
CD 
CD 
Q) 
CJl 
CD 

I\) 
a 
-J --a 
00 -...... 
(J) 

() 
a 
0'1 
a 
CD 
CD 
CD 
CJ.) 
0'1 

-
\ 
-

01 
o 
>< -->. 

- - - - -
( E~~' ~ASE 

- -
RESET SECTION 
elR, SET SEARCH 
SET READ FF, 
SET ADDR ESS TO 
INTERNAL 

- -

READ TO 
OUTPUT REGI
STER, RESET 
BIT eTR, 
SET SHIFT F.F 
RESET SEARCH A 

- -

NO 

NO 

BIT 13? 

SECTION 
Illl? 

SET LAST 
CYCLE, RESET 
SEARCH 8, 

-

RESET TRANSFER, 
ADVANCE SEARCH 
eMTR 

I NO ( LAST 
!If ADDRESS , 

-

BIT 12? 

FIGURE 4.6-12. OUTPUT ROUTINE FLO\il! Cl:U\RT 

- -

NO 

OIlO? 

YES 

SET LAST 
CYCLE, ADV 
SEARCH 
COUNTER, 
RESET CLEAR 
FF 

-

"j ,_Jl 
Q; '0 

Gti () 
(J 0 

o 
1\)1 
"D;::d 
~ 'vi 

o 
o 

01 
o 
>< -->. 

-

» 
"0 
"0 a 
< 
CD 
c. 
0' ..., 

C.;U 
II'"~ 

(~ 
CJl 

,~ 

"'1\) a -...... 
~ a 
00 -...... 
(J) 

() 
a 
0'1 
a 
CD 
CD 
CD 
CJ.) 
0'1 



5 
p~-~--

~ 

Approved for Release: 2017/08/16 C05099935 
.;J B;; '" I\. B;; I 

SPECIAL HANDLING 

li;'-I --I 

SEeR!' 
SPECIAL IIANDLIN6 

Approved for Release: 2017/08/16 C05099935 

• 
(Y) 

rl 
I 

\0 

50X1 

50X1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Approved for Release: 2017/08/16 C05099935 
." .. '" I\. r.; I 

SPECIAL IIANDLING 
52000-R500 
Page 293 

.e Search routine consists of sequentially read-

ing the tag section of each word in the memory, and examining 

the tag bits and the CAL ID bit. If the tag bits are both 

ZERO, it indicates that data concerning only one pulse has 

been stored, for a given emitter. This is considered to be 

invalid data, and a Clear routine is initiated. The Clear 

routine reads each of the first five subwords of the selected 

address, but the memory strobe is inhibited so that the infor-

mation is destroyed. If the tag is non-zero, the Output 

routine is enabled, reading the stored data into the Output 

Register. If a CAL ID bit is present, the first two bits of 

the Output Register are preset to ZERO. 

At the completion of either a Clear or Output 

routine, the Search Counter is advanced to the next address and 

the interrogation process is repeated. This continues until 

the Search Counter reaches a state equal to the address stored 

in the SRO Address Register. When this occurs, the Comparison 

Logic terminates the Search routine, resetting the Word Counter. 

The Word Counter, located on assembly A2A, is 

another six bit ripple counter. This counter is advanced 

every time a new Buffer Storage memory address is sele cted by 

the SWI logic, i.e., on storage of a TAW or first pulse data 

from an emitter. This generates the Buffer Stora~ Full indi

cation, in the event that 64 words are stored before a Transfer 

is completed. 
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The six bits of address which control the memory 

switches are derived from the SWI logic during Load and Tag 

Interrogate, and from the Search Counter during Transfer, as 

discussed above. Gating is provided on the Search Counter 

asEjembly to select the appropriate source of address informa-
I 

tion. The outputs of these gates control the selection logic 

on assembly A3, which provides drive for the memory switches. 

, Assembly AI, the Memory Buffer, includes the 

metorY inhibit driver logic, the memory reset logic, and a 

tw~lve bit buffer register used during Tag Interrogation. The 

inhibit driver logic is normally controlled by the Input Gates, 

for storage of incoming data. These drivers are also enabled 

du1ing Memory Reset, to provide half of the necessary reset 

cutrent to the cores. The remaining half is provided by the 

Rebet Logic, which enables the Reset Drivers within the memory 

inl four groups. 'These groups contain 4,3,3, and 3 drivers, 
! 

re~pectivelY, and are enabled one group at a time in order to 

rebuce peak current levels in the power supply. 1rlhen the Reset 

driver group associated with a given set of bits is enabled, 

tHe corresponding set of inhibit drivers is enabled. 

J
. The twelve bit Memory Buffer receives the tag 

b'ts and the seventeen bits of FTOA data read from the memory. 

T~e tag bits and five least significant bits of FTOA data are 

rJad from the memory. These seven bits are sent to the SWI 

199iC and the PRI encoder via isolating inverters, for tag and 

--- SECRET 
SPECIAL HANDLINe 

Approved for Release: 2017/08/16 C05099935 

50X1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Approved for Release: 2017/08/16 C05099935 
.., r.. "" n. r.. I 

SPECIAL HANDLING 
52000-R500 
Page 295 

PRI computation. Then the remaining twelve bits of FTOA data 

are read from the memory. These twelve bits are sent to the 

PRI encoder to allow the completion of the PRI computation. 

See Figures 4.6-14 and 4.6-15. 

Timing for the output routine is provided by cir-

cui try located on assembly A2B. The 250-kHz output of the 

System Clock is used to provide the Data Clock repetition rate 

of 125 kHz. 

When an output routine is enabled, the Delay flip-

flop, located on A14A, delays transferring data from the core 

memory to the Output Register while the Section Counter is 

advanced past the address containing the twelve most signifi-

cant bits of FTOA data. When the Section Counter has advanced 

past the address containing the FTOA data, the Transfer logic 

is enabled and the system begins shifting data from the Output 

Register. 

The data is placed in the Output Register from 

the core memory, in normal mode, or directly from the Input 

gates in Option A. After thirteen bits have been shifted, the 

Bit Counter (on assembly A14A) initiates another Read Cycle, 

thus placing the next thirteen bits of data in the Output 

Register. The Bit Counter is a four bit ripple counter with 

logic to detect state 12 and 13. It is advanced by the shift 

pulses, and reset each time a Read cycle is initiated. 
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The Load routine and the TAG Interrogate routine 

hav~ priority over the output routine and will inhibit generat-
I 

ing the following commands in an output routine: Search Ai 

Se~rch B; Read; Transfer; Read to output register; and Last 

CYCile. The output routine's subword address in the Section 

Cotinter is temporarily stored during a Load or TAG Interrogate 

rOQtine. The Load or TAG Interrogate routines do not prevent 

shJfting data out of the output register~ but these routines 

do Iprevent changing the output routine's subword address and 
I 

re,.ding data out of the memory. 

The Command Logic assembly is designated A16, and 

th~ logic diagrams are 

Tht Timing Pulse Generator is located on AI6B~ and generates the 

BUffer 2torage Logic timing pulses from the I MHz, 500 kHz, and 

25 1 kHz outputs of the System Clock. 

The Read and Write commands to the Z drivers are 

ge~erated by flip-flops located on AI6B. 

I The Memory Strobe command is generated on Al6B 

anp is inhibited during a clear routine. The Write Command 

st~obes the inhibit logic on assembly AI. The Write X, Write Y, 
I 

Re~d X, and Read Y commands strobe the X and Y drivers and 

swtLtches on assembly A3. The Read command strobes the informa-

tirn from the memory's sense 

st,orage on assembly AI. 

amplifiers into the temporary 

I 
I 
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Idealized waveforms, showing the timing relation-

ship of the System Clock, the Buffer Storage Logic timing 

pulses, the Read commands, the Write co:tP.JD.ands, and the memory 

strobe command, are shown in Figure LI·. 6-16. 

As sembly A16A is composed primarily of the follol'v'-

ing control flip-flops. 

..... _[ J 

(1) The Interrogate TAG flip-flop places the 

system in the Interrogate TAG routine. 

(2) The Load flip-flop places the system in 

the Load routine and causes the system to 

write data in the memory. 

(3) The First Cycle flip-flop is set to binary 

ZERO after the first write cycle of a Load 

routine or read cycle of an Interrogate TAG 

routine. This command is used to preset 

the Section Counter to the correct state 

and to control the inhibit flip-flop on A16A. 

(1+) The Inhibit flip-flop, Ml1+, disables the 

command gates, Ml1+ and M15, after either the 

Load or Interrogate TAG flip-flops have been 

set. The Inhibit flip-flop is set when 

First Cycle is set and is cleared 3 us after 

First Cycle is cleared by the signal (First 

Cycle ). TP5 generated on Al1+A. 
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(5) The option A flip-flop causes the system to 

bypass the memory. During the Option A 

routine, the data is loaded in the output 

shift register rather than the memory. 

(6) The Search B flip-flop indicates the system 

is in an output routine. During the output 

routine, the system may be either clearing 

the memory or transferring data from the 

memory to the output shift register. The 

Search B flip-flop is reset by the lBst 

Cycle command generated on A2. 

(7) The Search A flip-flop is set at the start 

of an Output routine and each time a subword 

is to be read from the memory during an 

output routine. This flip-flop is reset when 

a subword has been read from the memory to 

the output register on assembly A2, or at the 

start of a Clear routine. A Load or TAG 

Interrogate routine will inhibit setting the 

Search A flip-flop. 

(8) The Anti-lock flip-flops, M17 and IVJ:l8, will 

reset the Buffer Storage Logic if the system 

did not transfer data after a SWI Erase 

command. 
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In a Load routine the TAG data is written in the 

memory when the Section Counter is at subword zero. The FTOP~ 

data is written in the memory when the Section Counter is at 

subword 1. The data word is written in the memory when the 

Sedtion Counter is at subwords 2 through 15. Thus in an output 

rmttine, the first two bits of a data word must be loaded into 

th9 output shift register when the Section Counter is at sub

wo~d zero. The circuit composed of M5, M6, and M7 performs , 

this function. A CAL word is indicated by the signal (Section 

O)l'(Read)o(Plane 3)-(TPO to 3) being ZERO. This causes the 

fi st two bits of an output word to be ZERO. 

The least significant bit, LSB, of the ID word 

This information is sent to the Interface 

The flip-flop composed 

isldecoded on A16A. 

Lotic assembly, A15 

of M6 on A15A stores the decoded ID bit as I level, indicating 

ani Intercept word is being written into memory, or T level 
I 

in~ica ting a TAlA! word. These levels allow the appropriate 

Input Gates to be strobed. 

I 
The output routine is initiated by logic on A15A. 

SltH Erase command or Stop Word Level AND Data Stored gene-

which clears the Stop Readout Address flip-flops 

o A14, and SRO Sample, which sets the Search A flip-flop. The 

Bujffer Storage Empty signal inhibits the SRO Sample from setting 

tge Search A flip-flop unless there has been at least one Load 

rdutine since the previous output routine. The Buffer Storage 
I 

Empty Command is generated on AI7B. 
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The Search A flip-flop is set by Gate MIl after 

thirteen bits of data have been shifted out of the SRO register 

on A2A. The search A flip-flop is also set if the SRO address 

is not equal to the Search Counter address. This signal is 

generated on A14B and is wire OR'ed with the other set Search 

A commands on Pin 45 of A15A. The Search A flip-flop is not 

set during a Load or TAG Interrogate routine. 

The Option A Read command, generated on A15B, sets 

the transfer flip-flop on A2, advances the Section Counter on 

A13 and sets the shift flip-flop on A2 during the Option A 

mode of operation. The Option A Strobe, generated on A15B, 

strobes the data from the Input Gates, AIO, All, A12, and A13A, 

into the output shift-register on A2. 

The signal (Section O)e(TAGl,l)~(Read) generated 

on pin 28 of A15B is used on A14A to set the TAG Rewrite flip

flop. The signal (Section O)·(TAG O,O)-(Read) is used on A14A 

to enable either a Clear routine, if the TAG bits are both 

ZERO, or a transfer routine, if the TAG bits are not both ZERO. 

The Section Counter and its associated logic are 

located on assembly A13A. The state of the Section Counter 

determines which of the data lines will be sampled, and defines 

the memory subword which ·will be selected during the Read-Write 

cycles. 

The Section Counter is preset to 0100 when a TAW 

word is written into the memory. When an Intercept word is to 

., I ~ 
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be written into the memory, the two most significant bits of 

the Intercept word ID preset the Section Counter as listed be
I 

low: 

ID SECTION COUNTER 

o 0 o 1 0 0 

1 0 1 1 1 0 

o 1 o 1 0 1 

1 1 1 011 

ThJ presetting of the Section Counter is controlled by gates 

Zl~' z24, and z24. The word counter is advanced each time the 

Seqtion Counter is preset to 0100. 

The Section Counter is advanced at the end of each 

wrtte Command until the Section Counter has advanced to 1110 

OR.010l OR 1011 AI\TD Intercept word or 0000. Then the counter 

islpreset to 1000 by the action of the set Section Co~ter 
toll flip-flop, z4, and the tvrelve most significant bits of 

FTbA data are written into the memory. Data Store is gene ra ted 

by the action of the pre-data store flip-flop M25, the counter 
. 

iSI cleared to 0000, the two bits of TAG, CAL ID, and the five 

le~st significant bits of FTOA are written into the memory, 

anr the Load flip-flop on A16A is reset. 

I The function Section Counter Reset on Pin 67 of 

AlbA resets the Section Counter after subword 1 has been read 

in an Interrogate TAG routine and when the set Section Counter 

tOil flip-flop on A13A has been set during a Load routine. 

- ~ --I 
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( 

This reset function is generated on Pin 15 of A14A. 

In an output routine, the Section Counter is 

advanced by the function TP7" (Clear + Search A'(Load + IT) 

(Delay + Transfer)). 

Enable SR Read is generated each time the Section 

Counter is advanced if the Transfer flip-flop has been set. 

The Enable SR Read is inhibited by (Load + IT)-Option A on 

A15A. The Enable SR Read signal is used on assembly f,2 to set 

the SR Read flip-flop. The SR Read flip-flop prepares the logic 

to strobe data from the memory sense amplifiers into the output 

shift-register. 

The flip-flops composed of Ml and M3 allow the 

Section Counter to be time shared between the Load routine, I.T. 

routine, and the Output routine. The Load and I.T. routine shave 

priority over an output routine. The flip-flop composed of 

module Ml is set by Search B"(Load + IT). This transfers the 

state of the Section Counter into the Section Buffer flip-flops, 

M16, M17, M18, and M19. The information stored in the Section 

Buffer is preset into the Section Counter at the end of a Load 

or TAG Interrogate routine. 

Assembly A13B contains the Input Gate logic for 

plane 13 of the memory, and the Input Gate Control. The Input 

Gate Control determines which of the data lines will be sampled 

by decoding the state of the Section Counter into twenty-one 

sample pulses. The relationship between the memory plane, the 
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sat' ple pulse, and the data being sampled is shown in Table 

! The Input Gates consist of thirteen parallel to 

serial convertors, and are on assemblies AIO, All, A12, and 

A13B. The Input Gates on assemblies AIO, All, and A12 convert 

da~a for memory planes one through twelve. Memory plane 

thlrteen is converted by the Input Gate on A13B. 
I 

Assembly A14A contains the Bit counter, the Clear 

or Transfer logic, and logic associated with the Interrogate 

TAP. routine. 

I The input to the Bit counter is the negation of the 

125-kHz serial data clock. The Bit counter provides two sig

n~ls; one signal indicates data bit 12 and the other signal 
I 

i9dicates data bit 13. The signal (Bit 12)oTP5 is not used. 

T~e data bit 12 signal is used by the parity logic on assembly 

A2. The data bit 13 signal indicates the last data bit of 

a ,subword. This signal resets the shift flip-flop on assembly 

A~ and if subword 15 has not been read, initiates the next 

rdad cycle. If subword 15 has been read, the Last Cycle flip-

fllop on A2 is set. The Bit counter is reset when data is strob-

ed from the memory into the output register on A2 or when an 
I 

0itput routine ends. 

The Sample TAG flip-flop, Z.15, is set when the 
I 

mimory subword zero is addressed. The Sample Tag flip-flop 

c1n not be set during a Load or TAG Interrogate routine or 

~en the Clear. Delay or Transfer flip-flops have been set. 
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This flip-flop samples the (TAG O~O) signal generated on 

assembly AlA. The Clear flip-flop is set if (TAG 0, 0) is 

present at pin 53. This permits the clearing of subwords 0 

through 6, thus destroying the unconfirmed data located there-

in. 

The Delay flip-flop, 216, is set if (TAG 0, 0) is 

not present. This signal delays transferring the data to the 

output shift register while subword 1 is read from the memory. 

Subword 1 contains the 12 MSB of FTOA data. 

The Delay flip-flop is reset at the start of the 

Word Gate or every TP7 during the Option A mode of operation. 

The signal (OPT A Read)eTP (2,3) on pin 73 of A14A 

is used to preset the data into the output register on assembly 

JA2 by strobing the input gates on assemblies AIO, All, A12, and 

JU3B. 

First cycle (TP5) on pin 67 of A14A is used to 

reset the inhibit flip-flop on assembly A16A. 

The Search A Reset is generated on Assembly A14A by 

wire ORing (last Cycle)~TP5 with SR Read,,(TP 2,3) + Clear. 

The Signal on pin 61 of A14A is not used. 

Several Interrogate TAG routine commands are 

generated on A14A. The IT Read signal controls the Read flip

flop on A16B. IT Read is present from the start of the Interro

gate TAG routine until after subword 1 has been read from the 

memory. 
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The TAG Rewrite Command is generated when both 

bits of TAG) which was read from subword OJ are ONE. After 
I 

I 

su~word 1 has been read, the Section Counter is reset to sub-
I 

wotd O. If the TAG bits are both ONE, TAG Rewrite sets the 
I 

wr te flip-flop on A16B and subword 0 is written back into the 

The C available command is generated 4 us after 

1 has been read from memory. 

The remaining commands generated during an Interro-

routine are located on A15A. The TAG Available 

and is generated after subword 0 has been read from memory 

FTOA Available occurs after subword 1 has been read. 

Module M4 on A15A inhibits setting the SR Read 

assembly A2 during a Load routine or an Interro-

gate TAG routine. The Option A mode disables the inhibit since 

tge Load flip-flop on A16 is set during the Option A mode of 

operation. 

Pin 27 on A15A is wire OR'ed with a Last Cycle 

generate (Bit l3)~(Option A)~(Last Cycle). This 

to reset the Data Store flip-flop on assembly 

A 3 during the Option A mode. 

S 

p 

The stop Word Sample on Pin 49 of A15A causes 

flip-flop on A16 to be set if the stop Word Level is 

Pin 45 of A16A. This signal is inhibited during 

t e Option A mode. 

"---------~ 
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The Word Counter Reset on Pin 51 of A15A is wire 

OR!~d with pin 56 of A14B. The signal on pin 56 of A14B 

indicates the Search address equals the Stop Readout address. 

During the Option A mode J the Word Counter has no meaning so 

the counter is reset by Data Stored. 
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Assembly A2A contains the Word Counter, the Tempo-

rClry X, Y storage, and logic associated with the output routine. 

T¢e vJord Counter J M4, M5, M6, MIO, Mll, and M12, is advanced 
I 

I 

eich time the Section Counter is preset to 0100. It is reset 

wl~ en the Search Address equals the stop Read-out Address during 

a output routine or by Data Stored during the option A mode 

of:> operation. 

Memory Full is generated when the Word Counter 

h s counted 64 words before being reset. 

The Temporary X, Y Storage flip-flops, Ml, M8, 

M~5, M16, Ml7, M18, M19, and M20, allows the Xc, Xf, Yc,and 

YP data to time share much of the same logic. 

The Transfer flip-flop, M13 and M21, indicates 

d~ta will be transferred to the output shift register rather 

tpan be cleared. The Transfer flip-flop is set by [Delay]" 

[Tt.P2,31" [LOAD]e l I. T.] GO [sec ti on Counter 1] or by the Load flip

flip during the Option A mode of operation. The Transfer 

flip-flop is reset when Last Cycle is generated. 

The SR Read flip-flop, M13, indicates data is to 

be transferred within the next 2.5 us. The Enable SR Read 

signal is generated on A13A when the Section counter is advanced 

after the Transfer flip-flop has been set. Enable SR Read is in

tibited by either a Load routine or an Interrogate TAG routine 

en card A15A. This allows either of these routines to have 

friority over the output routine. 
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The SR Read command is Al\TD led w'i th TP2, 3 on A2B. 

The signal SR Read • TP2,3 resets the Bit counter on A14, 

strobes the data from the memory into the Output Shift Register, 

Ml thru MIO, M18, M19, and M20, sets the Pre shift flip-flop, 

and resets the Search A flip-flop on A16. The Pre shift flip

flop, M23, will set the Shift flip-flop, M22, M23, when the 

phase of the 125 kHz Data Clock is correct. The Shift flip

flop sets the Word Gate flip-flop, M2l, removes the Inhibit 

on the Data clock which advances the data through the register 

and advances the Bit Counter. 

The Shift flip-flop is reset after thirteen bits 

of data have been shifted out. Logic on A15 causes the Search 

A flip-flop to be set again. This advances the Section 

counter, generates Enable SR Read, and the next thirteen-bit 

subword is preset into the Output Register. 

The Parity Generator consists of the Parity flip-

flop M15 and the J-K flip-flop M27. Pin 6 of M27 will be a 

ZERO of an even number of data bits are ONE. The Parity flip-

flop is set at the end of the twelfth bit of the sixth, ninth, 

twelfth, and fifteenth subwords of an output routine, and if 

the J-K flip-flop indicates an odd number of data bits in the 

subword were ONE. The Parity flip-flop presets the Output 

flip-flop M28 and forces a parity of ONE. 

The Last cycle flip-flop, M7 and M14, on A2A is 

set on the last bit of the last subword of a transfer routine 
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orion subword 6 of a clear routine. The Last cycle command 

adtances the Search counte~ resets the Search B flip-flop, 

strobes the SRO comparator,and resets the Transfer flip-flop 

and the Word Gate flip-flop. 

I 
I The timing relationships of the output routine 

ar~ shown in Figure 4.6-17. 

The Search Counter, assembly A14B, consists of 

TOfr main sUbsystems: The Search Counter, the Storage for 

:h SRO address, the SRO Comparator, and OR gates to apply 

ei, her the Write address or the Search address to the X and 

y Is wi tche s. 
i , 

The stop Read-out address is applied to the Search 

c1unter assembly after the SRO C lear signal, from A15B has 

r,set the SRO Address Storage flip-flops, M26, M27, and M28. 

THese flip-flops provide one input to the SRO Comparator, 

MJ6, and M18. The other input is provided by the Search 
I 

cqunter, M4, M5, M6, M7, M8, and M9. The Search counter pro

v~des the address information to the X and Y switches during 

a1 output routine. Initially the Search counter is reset to 

address 0 by the Memory Reset and continues to advance until 

tJe address in the Search counter equals the SRO address. At 

tllie next output routine, the Search counter starts at the old 

sto address and advances until it equals the new SRO address. 

Tte Search counter 

frOm assembly A2. 

~ "-----____ ---l 

is advanced by the Set Last Cycle command 

The SRO Comparator is strobed after the 
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counter has been advanced. If the Search counter does not 

eq~al the SRO address, the Search A flip-flop on A16 is set 

and a new output routine is begun. The output routine is 

50X1 

stopped, by not setting the Search A flip-flop, and the Word 

cOfnter is reset, when the Search address equals the SRO 

adfress. 

I Modules Zl, Z2, and Z3 form OR gates which apply 

ei~her the Write address, for a load routine, or the Search 

ad~ress, for an output routine, to the X and Y switches. The 

fl~P-flOP composed of Z2l controls this OR gate. 

The address information is sent from the Search 

counter assembly to the X and Y Selection assembly A3. The 

th~ee MSB of the address are decoded to provide the information 

for the eight X switches. The three LSB provide the informa

tilon for the Y switches. The binary number from the Section 
I 

cOiunter, A13, is decoded to provide the information for the X 

a9d Y drivers. The two MSB provide the information for the X 
i 

d~ivers and the two LSB provide the information for the Y 

d~ivers. 

I Assembly Al consists of logic for controlling the 

memory Inhibit drivers, a buffer register for Tag Interroga

tJon, and logic for implementing the initial clearing of the 

mJmory. Modules Zl, Z2, Z3, z4 and Z5 of the B side form 

a ten-bit register for temporary storage of Fine Time of 
, 

Arrival data from the memory. Z15 on the A side 
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provides two bitB of storage register for the Tag bits. These 

registers are cleared initially by Memory Reset (pin 34), and 

also during each Read cycle by [TP2, 3J @ MHz J (pin 36) Al~D 

Read Level (pin 38). 

When the tag section of the data word is read 

during an Interrogate Tag routine, the tag bits and the FTOA 

data are read into the register via inverters Zl, Z7, Z13B, 

Z13C, z14B and z14c of the A side of A23. The outputs of the 

register are routed, via isolating inverters Z6B, C and D, 

212, Z13, and 214D of A23B, to the SWI logic and the PRI encoder. 

In addition, the tag bits are sampled by Z6A (B side) and ZlL~A 

(A side), producing ground true outputs at pins 73 or 74 if 

the tag bits are both ZERO or both ONE, respectively. 

Modules Z7 through Zll of i\25B, and ZllA and Zl2 

of A25/A, control the Inhibit drivers in the B.S. memory ANDing 

data inputs from the Input Gate cards with the IlWri te Level ll 

(pin 66). The Inhibit drivers are thus activated during the 

Write cycle, if the data line for that particular bit is at 

ZERO. 

Memory Reset, at pin 34, is a positive-true pulse, 

nominally four microseconds wide, which occurs twice per 

second during the periods when the Payload On command is not 

enabled. This pulse enables one of the outputs of Z4 or Z5, 

depending on the states of the two counter stages, Z2 and Z3. 

The enabled output activates one of the four groups of Memory 

-:-~1 
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drivers, and simultaneously activates the corresponding 

of Inhibit drivers. This action resets all cores in the 

selected planes to zero. The end of the pulse advances the 

twr stage counter, and the next Memory Reset pulse enables a 

di ferent set of Reset and Inhibit drivers. The entire memory 

is thus cleared in four sections, one section for each reset 

pu se. This reduces the peak current drawn by the memory during 

th reset. 

I 
I 
I 
I 
I 
I 
I 

The signal start Delay Timer + 810 is generated 

on this assembly by z8 for the 8WI logic. I 

-----,-----

SECRET 
SPECIAL ~ANDLING 

Approved for Release: 2017/08/16 C05099935 

50X1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4.6.9 

Approved for Release: 2017/08/16 C05099935 

S PEe I i. L -w· AND LIN Q 

Core Memories 

52000-R500 
Page 317 

Information storage for the Space Window correla-

tion logic and for the Buffer Storage Logic is provided by two 

independent ferrite core memory systems. The internal operation 

of these memories is essentially identical for both units~ the 

only major differences being in the array size and configuration. 

4.6.9.1 Theory of Operation 

The Ferrite core element which provides the 

storage capability is physically a small toroid, with a nominal 

outside diameter of 0.030 inches, nominal inside diameter of 

0.020 inches, and a nominal thickness of 0.010 inches. The 

cores are constructed of a ferromagnetic material with very 

high retentivity and high hysteresis. The hystersis loop, or 

plot of flux density versus magnetomotive force, is shown in 

idealized form in Figure 4.6-18. 

From the figure, it is readily apparent that, 

with no externally supplied magnetic field (H=O), the flux 

density in the core will be either that defined by point A 

or that at point D. The core is thus capable of storing binary 

information by some means of controlling and sensing the 

direction of magnetization of the core. Point A may be 

arbitrarily defined as the ONE state~ and point D the ZERO 

state. 

By threading a current-carrying conductor through 

the center of the core~ it is possible to produce a controlled 
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amount of magnetomotive force in the core, and thus mOdify the 

flux density. For example, assume that the operating point of 

the core is A, and current is passed through the wire such that 

the magnetomotive force is caused to increase in the negative 

direction. The operating point of the core will move along the 

curve toward point B, with very little change in the flux 

density. At point B, the core characteristics change, and fur-

ther increase in the current will result in a relatively rapid 

change in flux density and a reversal in the direction of 

magnetization. Once the core has Ils 1lJitched,!I further increase 

in current, such as to point C, will cause little variation in 

the flux density. When the current is removed, the operating 

point moves to D, and the core is said to be in the ZERO state. 

Current in the opposite directions will cause the 

core operating point to move from D to E, then out to F, re-

turning to A after the current is removed. Thus, applying 

sufficient external magnetomotive force to change the core 

operating point to either C or F will cause the core to switch 

from one state to the other. If this level of magnetomotive 

force is defined as h, it will be noted that a core switching 

threshold may be defined. In the idealized case of Figure 

the threshold is seen to be approximately 0.7 h. 

If an external magnetomotive force equal to, for example, 0.5 h 

is applied, it will be noted that no significant change in the 

core operating point will result after the excitation is removed. 

~:":"" ' ...... ' 
.... " , 
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Thus a current producing 1.0 h will cause the core to switch, 

while a current which produces 0.5 h will not change the state 

of the core. This characteristic is utilized in the memory 

to permit selective storage and recovery of binary information. 

In the memory, numerous ferrite cores are arranged 

inll planar array, with each core threaded by one conductor in 

ea h direction (X and Y axes). A small section of such an 

ar ay is shown in Figure 4.6-1~ If currents are passed 
I 

ough the wires, magnetomotive forces will be produced in 

h of the cores threaded by the wire. In particular, if a 

rent sufficient to produce 0.5 h (typically, 300 to 400 

liamperes, depending on core type) is passed through wire 

to bottom and if a similar current is passed 

t~ ough wire Y2, from left to right, the magnetomotive forces 

will add in core C, and it will receive a net excitation of 

l.b h. The other cores each receive only 0.5 h, and their 

s~ates are thus not disturbed. This technique is known as 

cdincident-current selection. 

I If it is assumed that core C had been in the ZERO 
I 

state, and the directions of the currents are such that an 
I 

0JJpOSing flux is produced, the core will be switched to the 

o E state. This action is defined as writing the core. By 

p ,oducing currents in the opposite direction, it is possible 

t~ read the core by sensing the change in flux density as the 

c~re switches. This is accomplished by threading a third wire, 

50X1 
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the sense wire, through all the cores in the plane. A current 

will be induced in this wire by the change in magnetic flux 

when a core switches. The sense wire is arranged so that the 

flux changes caused by the half-selected cores in the array 

t~nd to cancel, and the net current in the wire is primarily 

p~oduced by the relatively large change in flux density in 

tJe selected core. 

If the selected core is in the ZERO state, little 

flux change results, and a relatively small current is induced 

11 the sense wire. An amplifier and threshold device is em

ptoyed to discriminate between sensed ONE and a sensed ZERO. 

Tne read operation is inherently destructive, in that the selected 

c~re will unconditionally be in the ZERO state after reading. 

It it is necessary to retain the information, the core must be 

r~turned to its former state by a write operation. 
I 

l A practical memory consists of several of the 

p anar arrays described above, one plane for each bit in the 

data word. The X and Y axis wires are connected in series from 

p~ane to plane, such that current in a given set of drive lines 

one core in each plane. Each plane has an individual 

s nse wire, with its associated sense amplifier and storage 

element. In order to write meaningful data in the memory, a 

flourth wire, designated the inhibitor Z-axis wire, is threaded 

through the cores. Each plane has a sepa:ca te inhibi t ~:!i:ce, -:rhich 

passes through the cores so as to be parallel with either the 
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By passing a current which produces 0.5 h thro"LJ.gh 

the inhibit wires, in a direction which will Cancel the field 

produced by the X or Y wire, the writing of a core may be in-

hibited, as the net flux in the selected core will be 0.5 h + 

0.5 h - 0.5 h ~ 0.5 h. The other cores on the selected X and 

Y wires receive a net flux of zero, and all other cores in the 

array receive -0.5 h. By this means, it is possible to indi-

vidually write a ONE in any combination of the selected cores, 

while those planes receiving the inhibit current are not written, 

and remain in their original state. 

Generation of the selection currents is accomplished 

by high current, saturating switches with series resistors 

which determine the current produced. In order to minimize the 

number of components required, selection of the X and Y axis 

is accomplished by a driver/sink technique. An example of 

this technique is shown in Figure 4.6-20, in which anyone of six 

teen wires is selected by actuation of a unique combination of 

drivers and switches. For example, if Driver D2 and switch 

82 are actuated, current will flow in the wire designated ff6'f. 

The driver and switch circuits are bilateral, such that current 

may be produced in either direction in the wire. The magnitude 

of the current is determined by the voltage levels +V and -V, 

and by the current-determining series resistors. 

The bilateral isolation diode matrix is used to 
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prevent parallel paths for current flow. Without the diodes, 

and with the same driver/switch combination as above, the 

following parallel paths would exist: (1) From D2" through 

wire 5, then back through wires 1, 9 and 13 to the other drivers, 

then to S2 via wires 2, 10 and 14. (2) A similar path through 

wire 7, then to S2 via wires 2, 10, and 14. (3) From D2 

through wire 8, then through wires 4, 12 and 16, then to S2 

via 2, 10, and 14. A similar set of parallel paths exists for 

each wire in the array, and since the ferrite core is a current 

operated device, it is necessary to closely control the current 

flow to the selected wire. 

4.6.9.2 Memory Circuits 

The circuits which generate the drive currents for 

the core memories are shown on the following drawings: 

4124-62010 SWI Z Driver 

4124-60010 B.S. Driver 

4124-60016 X & y Driver 

4124-60018 X & y Switch 

4124-61012 Recognizer Z Driver 

The SWI Z driver consists of a dual, unilateral 

saturating switch with series resistances in the output 

circuit. The output is connected directly to one end of the 

inhibit wire of a plane, the other end of the wire being re-

turned to ground. A negative pulse (produced by the Data 

Handler SWI logic) at pin 6 causes Ql to saturate, which in 
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I 
Q2. The collector of Q2 thus becomes essentially I 

-10.5 volts, producing a current in the inhibit wire which is 

determined by the parallel combination of R9 through R12, in 

s ries with the resistance of the inhibit wire. The resistors 

R through R12 are selected in test to produce an inhibit current 

o approximately 365 milliamperes (ma.), a current which will 

p oduce the desired magnetomotives force of 0.5 h (see above). 

The other part of the driver, consisting of Q3 

a d Q4, produces a reset current in response to a negative 

p Ise at pin 2. Resistors R13 through R16 are chosen to pro-

d ce a reset current of approximately 750 ma., which generates 

1 0 h. This causes all cores in the plane to be reset, i.e., 

s t to the ZERO state, and is performed at the beginning of 

e ch frequency dwell. 

The Buffer storage Z driver employs a similar dual~ 

u ilateral switching circuit, but re-arranged to operate from 

t e +10.5 volt supply, thus tending to balance the load on the 

p wer supply. A negative pulse or pin 2 saturates Ql, satura-

t ng Q2, and thus causing the emitter of Q2 to become essentially 

+ 0.5 volts. Resistors RIO through R13 are chosen to produce 

a halfselect current of approximately 400 mao (a different 

t pe of core is used in the Buffer storage memory) in the in-

h bit wire. 

The other half of this driver is identical to the 

I hibit driver, and produces a half-select current of 400 ma 
50X1 
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during Initial Reset of the B.S. memory, in response to a nega-

tive pulse at pin 7. The Buffer Storage logic produces simul-

taneous pulses at both inputs to this circuit during reset, 

so that the net current in the inhibit wires is approximately 

750 ma., sufficient to switch all cores to the ZERO state. 

The Recognizer Z Driver is identical in circuit 

configuration to the Buffer Storage Z Driver. However, resis

tance values are modified to permit operation from +6v instead 

of +10.5V. This change was made to conserve power in the 

Recognizer Memory. 
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The X and Y driver circuit is a bipolar, satura-

ting switching circuit, consisting essentially of one half of 

each of the Z driver circuits discussed above. The Read Driver, 

c~nsisting of Ql and Q2, is identical to one side of the B.S. 

Z driver, and generates current in the positive direction in 

r sponse to a negative pulse at pin 1. The Write Driver, formed 

b Q3 and Q4, is similar to one side of the SWI Z driver, and 

g current in the negative direction in response to a 

n gative pulse at pin 7. The selected current determining 

r sistors permit individual adjustment of Read and Write currents 

f r each application. Each drivEI'is connected to a group of 

lines, as was discussed above. 

The X and Y Switch provides a bilateral sink for 

t e currents produced by the X and Y drivers. This module also 

i corporates the selection matrix diodes for four wires. The 

c rcuits are essentially identical to the circuits in the 

diver, with ,the exception of the voltage levels involved. The 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

R ad Switch circuit is identical to the Write Driver, except I 
t at the emitter of the output transistor is returned to ground 

r ,ther than -10.5 volts. A negative pulse at pin 2 saturates 

Q and Q2, providing a current sink for the output of a Read 

Diver. 

The Write Switch is similar to the Read Driver, 

e cept that the collector of the output transistor is returned 

t ground, rather than +10.5 volts. A negative pulse at pin 1 

50X1 
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saturates Q4 causing Q3 to conduct, and providing a sink for 

current produced by a Write Driver. 

Sensing of the state of a core, during Read, is 

accomplished by an integrated circuit sense amplifier, the 

Texas Instruments SN5500. This amplifier is especially de-

signed for memory applications, and incorporates a high gain 

differential amplifier, strobe logic, a threshold detector, 

and a one-shot multi vibrator. One of these devices is used for 

each plane in the memory, and produces an output compatible 

with the integrated circuit logic in the data handler. 

The voltage produced by the induced current in the 

sense wires is shown in the memory timing diagram, Figure 4.6-21. 

The induced noise, caused by the memory selection currents, will 

normally be well above the level of the sense voltage, necessi-

tating a strobe pulse to avoid extraneous ONEts in the readout. 

The strobe enables the sense amplifier only at the time when a 

legitimate sense voltage may be present. Typical voltages on 

the sense line are 40 to 50 millivolts peak for a sensed ONE, 

and 6 to 8 millivolts peak for a sensed ZERO. The threshold 

detector makes a decision at strobe time, and if the sense volt-

age is in excess of the threshold level (e.g., 30 millivolts), 

the one-shot multivibrator is triggered, producing a ground-true 

output from the sense amplifier. 

The relative timing of the selection currents is 

indicated in the figure. The inhibit current is present only 
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when writing a zero, and is of longer duration than the X and 

Y axis current pulses to avoid improper core switching during 

the transient periods. Typical current pulse widths are one 

to two microseconds for X and Y axes, and three microseconds 

for the inhibit pulse. 

The Read pulse generated in the memory logic is 

applied to the Strobe Driver (4124-60012), which in turn gene

rates a narrow (approximately 200 ns) positive strobe pulse 

which is applied to the strobe input terminal of all sense 

amplifiers in the memory. This pulse is delayed approximately 

350 ns behind the leading edge of the Read pulse. Both the 

width and delay of the output pulse are adjustable to provide 

optimum timing for each memory. The sense amplifiers are 

mounted on circuit boards adjacent to the core stack. Also, 

the Buffer Storage sense amplifier boards incorporate inverters 

to produce positive true pulse from the memory. 

4.6.9.3 Memory Organization, SWI 

The Space vJindow memory is shown in simplified 

block diagram form in Figure 4.6-22. This memory consists of 

seven planar arrays of cores, each array being 16 (Y) by 40(x) 

cores. These cores are selected by four drivers and four 

switches in the X axis. Seven each of the SWI Z drivers and 

sense amplifiers (one for each plane) provide the remaining 

interface between the memory and the SWI logic. 'The Z axis 

drivers have an individual Inhibit input from the logic, while 
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the reset inputs are connected in two groups, one of four and 

one of three drivers. Each of the X and Y drivers and switches 

has two inputs from the logic, one for Head and one for Write. 

Addressing of the S1;JI memory is controlled by the 

outputs of the Coder-Combiner via the SWI Selection Logic. 

The array represents the System Field of View, with each core 

in the array sub tending an area equal to two quantizing elements 

on a side. A particular combination of phase codes,. i.e OJ 

arrival of a pulse from a given direction, will enable a unique 

combination of drivers and switches, thus addressing a particu-

lar set of coordinates in the array and a particular group of 

seven cores. Arrival of another pulse from the same direction 

will interrogate the same cores, resulting in the capability of 

space-oriented correlation of pulses from multiple emitters. 

The operation of the SWI memory and logic is discussed in de-

tail in paragraph 

4.6.9.4 Memory Organization, Buffer Storage 

The Buffer Storage memory is shown in simplified 

block diagram form as Figure 4.6-23. The core stack consists 

of thirteen planes, each containing 1024 cores arranged in a 

32 x 32 array. The X and Y axis wires are divided into four 

groups of eight wires each in each axis, and are selected by 

four drivers and eight switches in each axis. Thirteen sense 

amplifiers, one for each plane., provide the readout data to the 

Buffer Storage logic. The thirteen Z axis drivers are connected 
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with the Inhibit functions individually available to the logic, 

and the reset inputs combined in three groups of three drivers 

each, and one group of four drivers. This grouping is done to 

avoid overloading the logic outputs and to reduce peak current 

demands from the power supply. During reset, only one of these 

groups is enabled. The next reset pulse enables another group, 

etc., so that after four reset pulses, the entire memory is 

cleared. Each of the X and Y axis drivers and switches has 

two inputs from the B.S. logic, one each for Read and Write. 

The Buffer Storage memory is addressed by the 

state of the Section Counter (See paragraph 4.6.8 ) and by 

either the Search Counter or the SWI logic. The X and Y 

drivers are controlled, via the Selection Logic, by the 

Section Counter. The six bits from either the Search Counter 

or the SWI Logic, via the Selection Logic, control the X and Y 

axis switches. 

Data is written into, and read from, the cores in 

subwords of thirteen bits each, i.e., one bit in each pulse at 

the selected address. Sixteen sets of thirteen bits, or 208 

cores, are reserved for storage of each word. Of these, 182 

appear in the actual data word, 13 are used for the tag section 

for pulse counting and PRI computation and 13 are not used. 

Figure 4.6-24 shows the data word formats, as read 

out and as stored in the cores. The section designators shown 

refer to the state of the Section Counter which results in the 
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selection of the particular group of thirteen cores. A total 

of 64 such data words can be stored in the complete memory. 

4.6.9.5 Memory Organization, Recognizer 

The Recognizer Memory is shown in simplified block 

diagram form in Figure 4.6-25. The core stack consists of 

14 planes) each containing 32 cores, arranged in a 4 x 8 array 

to provide a storage capacity of 448 bits. The X axis wires 

are divided into two groups of four wires each and are selected 

by two drivers and four switches. The Y axis wires are divided 

into two groups of two wires each and are selected by two 

drivers and two switches. The fourteen Z axis drivers are 

connected with the inhibit functions individually available to 

the logic and the reset inputs combined into two groups of five 

drivers and one group of four drivers. Fourteen sense ampli-

fiers) one for each plane, provide the data readout to the 

storage buffer in the Recognizer logic. During the memory 

Readin mode the memory is sequentially addressed by the thirty-

two decoded states of a five stage ripple counter. In the 

Search mode this counter is modified logically to provide the 

sixteen addresses for readout of the eight sets of frequency 

limits. The addressing of the memory during the portion of 

the frequency dwell when SI signals are being received is con-

trolled by the set identification codes of those sets which 

previously indicated a favorable comparison. This information 

addresses the sixteen memory locations where pulse width and 

PRI limits for the eight parameter sets are stored. 

~ .. -G.. I 

~---
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The System Clock Oscillator (4124-64214) is 

basically a crystal controlled oscillator whose output is 

counted down by flip-flops to the desired frequency. In order 

to meet the data handler speed requirements, the clock fre

quency had to be 8 megahertz. 

The oscillator developed on the Setter I program 

is 8.388608 megahertz. In order to take advantage of the ex-

isting oscillator design and stabilization circuits it was 

decided to utilize this design with slight changes to achieve 

a frequency of 8.0 megahertz. Figure 4.6-26 is a block dia-

gram of the system clock. 

The basic oscillator circuit chosen for use was 

the Colpitt's due to its simplicity. A buffer amplifier cir-

cuit was used to isolate the oscillator proper from the remain-

ing stages. A zener diode was used to maintain a constant 

supply voltage for the oscillator stage. The output of the 

buffer amplifier drives the wave shaping circuit which consists 

of saturating amplifiers. 

The various timing signals needed for System opera-

tion are obtained from the appropriate stage of the counter 

driven by the 8 MIlz output. The Colpi tt 1 s oscillator provides 

the necessary frequency stability through temperature. All 

components are standard items and the only adjustment necessary 
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in the initial set-up of the oscillator was that for fine 

frequency adjust. This adjustment varies the crystal load 

capacitance slightly which sets the crystal to an exact fre-

quency of 8.000 ~~z. Variation of frequency with temperature 

is so slight as to have negligible effect on system performance, 

and need not be calibrated since this source is no longer used 

to drive the Time Encoder. 

4.6.10.2 System Clock Divider Chain 

The first link in this divider chain is a 5 bit 

high speed ripple counter located on card A8A (4124-64208). 

Five Fairchild 950 flip-flops are used to give good wave shape 

and high reliability at the speeds required for these stages. 

The remaining stages on this card form a 15 bit 

single propagate shift counter. The single propagate feature 

requires some extra gating, but is necessary to provide out-

puts for the PRI encodes which will remain stable during the 

sample time and which will give a one microsecond resolution 

on the sample. This is discussed in more detail in the section 

describing the PRI Encoder. The flip-flops used in the 15 bit 

shift counter are Fairchild 948 J-K type. 

The two stage slow speed counter was added to pro

vide clock pulses which occur at a slower rate than the 8 pps 

Time Encoder Clock. The time encoder outputs were to be used 

originally but due to asynchronism between the time update and 

the system clock it was necessary to extend the system clock 
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and consist of two Fairchild 9040 flip-flops. 
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The pulse width encoder has three basic functions: 

(1) to provide an IF actuate (IFA) signal to the IF deck; 

(2) to encode the pulse width (PW) of the signal indicate 

(SI) output of the IF deck; and (3) to provide the IF deck 

with a command change to CW inhibit operation. IFA is pro

vided whenever the data handler is ready to accept pulse data. 

The PW of the SI is encoded, linearly, with a resolution of 

0.25 microseconds or better from 0 to 8 microseconds. C1AJ 

inhibit is commanded when four signals of 24.0 microseconds 

or greater duration occur in one frequency step. 

The Pw encoder as shown in the block diagram of 

Figure 4.6-27 consists of an IFA generator, an 8 lY'IHz discrete 

component gating circuit, a PW counter, and a CW event counter. 

The discrete component gating circuit is located on the 

System Clock Oscillator Card, A5(4124-64214). Remainder of 

the logic is on card A7A (4124-64207). 

4.6.11. 2 IF Actuate (IFA) Generator 

The IFA generator consists of an R-S flip-flop 

(Z18C and Z26D) and gates z268, z26c, and Z27. The IFA out

put (pin 13) is normally high. It goes to ground while the 

data handler is in the local oscillator delay time, is pro-

cessing a time attitude word, or at the end of SI if processing 

is incomplete. The IFA also goes to ground if SI remains up 
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for more than 24.0 microseconds. When IFA goes to ground, it 

disables the outputs of the IF deck. 

The flip-flop is set by a ground-true SWI ERASE 

signal from the programmer (pin 7) or by SI (pin 5). The 

flip-flop is cleared by a ground true SYSTEM RESET signal 

from the programmer (pin 27). With the flip-flops set and 

SI high, the output of gate z26c goes to ground, driving 

Z27B high and Z27A (IFA) low. Gate z26B receives a positive

t-rue (system reset +A+B) signal (pin 17) and inverts it for 

a wired OR with z26c. This holds IFA low during SYSTEM RESET 

and during Programmer Control Counter State 1-6. Gate drives 

the other input to gate Z27B if counter flip-flops z18B and 

are both in the Ot~ state, indicating that the SI has been 

up for 24.0 usec. 

4.6.11.3 Pulse Width (PW) COl;mter 

The PW counter is an eight-bit binary ripple 

counter. The input is the gated 8.0 MHz output of the dis-

crete component gating. For reliable counting, ac coupled 

DTul 950 flip-flops are used for the first three bits 

(Zl-Z3). The remainder (Z4 through Z8) are dc coupled DTul 

948 flip-flops. The outputs of the counter are gated to 

produce a direct reading of counter contents for pulse widths 

less than 24 microseconds. Output is all ONES for pulse 

widths greater than 24 microseconds. 
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4.6.11.4 CW Event Counter 

The CW event counter generates the CW indicate 

signal to the IF deck. It consists of a three bit binary 

ripple counter (Z15-Z17). The input to the counter is the 

,24.0 microsecond. PW signal (Z18B) inverted to positive-
I 

going by Z25A. When four such input pulses have been received, 

Z17 clocks to the o~m state. When the ZERO output of Z17 

s to ground, the asynchronous SET input to Z15 sets, and 

holds Z15 in the O~ state, blocki g any further input 

pulses. At the same time, the output of Z9B goes high (pin 

3) sending the CW mode command to both the IF deck and the 

buffer storage. The counter is cleared by a Dwell Timer 

Reset (pin 21) from the programmer, inverted by z18B. 
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The Time Encoder (4124-64213) consists of a 

20 stage eighths-of-seconds counter and a 3 stage days 

counter. In normal operation, the counters are operated in 

tandem, forming a 23 bit counter which gives elapsed time in 

eighths-of-seconds up to maximum of 8 days. In addition to 

providing elapsed time data for use by the Buffer storage, 

the Time Encoder provides a 16 second clock to the TAW logic 

and a 256 seconds clock to the calibrator logic. 

The Time Reset Function is generated on card 

assembly 4124-64246 (pin 63) every 86,400 seconds (one day), 

providing a 24 hour time base for the eighths-of-seconds 

counter. 1iJhen this reset occurs, the last stage of the 

eighths-of-seconds counter is cleared from a one to a zero, 

advancing the 3 bit days counter one count. 

The 8 Hz clock to the Time Encoder is received 

from the vehicle on card assembly A35 (4124-64248) pin 31. 

An integrator cir<C.L:it on this card rejects noise spikes of 

less than a specified pulse duration. Output of this inte

grator is gated by the Buffer Storage Load Command (while 

the system is proces~ing) by the time update logic on card 

assembly A9 (4124-64246). This gating prevents an update of 

the Time Encoder during the period when data is being sotred 

in the Buffer Storage memory. If an update were allowed to 

occur during data storage, errors in the Time data could 
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occur. Output of the gating logic (A9-75) is also used to 

synchronize the Time Reset logic so that the Reset occurs 

'precisely at the time when the counter would normally advance. 

This prevents gaining or losing a clock pulse when the eighths-

of-seconds counter is reset. 

An initial clear signal received from the ve-

hicle can be used to clear both the eighths-of-seconds counter 

and the days counter. 

All Time encoder logic is on auxiliary power 

and is unaffected by turn-on or turn-off of the system 

main power. 
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The vehicle pitch and roll information is generated 

in analog form, but the processing of data is accomplished in 

a digital system. For this reason it is necessary to convert 

the pitch and roll information to digital form. This function 

is performed in the attitude encoder which consists of two 

identical analog to digital (A/D) converters. One of the A/D 

converters is used to convert the pitch information while the 

other converts the roll information. Since both encoding 

chan..nel s are identical, the following discus sion shall be 

limited to one of the A/D converters. 

The A/D converter is of the voltage amplitude to 

pulse width type. That is, a given analog voltage amplitude 

corresponds to a certain pulse width which, in turn, is used 

as a control variable to determine the number of clock pulses 
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counted by a standard binary counter. Varying the amplitude 

of the analog voltage will cause the control gate width to 

vary which in turn varies the n~~ber of clock pulses gated 

to the binary counter. 

Figure 4.6-28 is a simplified block diagram of 

th~ Attitude Encoder. The principle of operation is as 
, 

fO~IOWS: A Ils(;art enc0de ll signal is applied to the delay 

onr-shot and the binary counter simultaneously. This action 

carses the counter to be reset to count 0000000. The delay 

on~-shot changes states causing the NAND gate to be iD~ibited. 

Atithe same time, the flip-flop is set causing the ramp 

generator to start its cycle. As soon as the delay one-shot 

re~axes back 

al~OWing the 

to its stable state the NAND gate is enabled 

clock pulses to be gated through to the counter. 

The clock pulses will be forwarded to the counter until such 

tire as the 

is equal in 

ramp voltage has increased to the point where it 

amplitude to the value of the analog voltage signal. 

A ~ulse is generated by the voltage comparator when the two 

iniputs are equal, or as they do in practice, differ by a small 

fiied amount. This coincidence pulse triggers the flip-flo" 

to, its original Iloffil state. The flip-flop, in turn, resets 
I 

t~e ramp generator and inhibts the NAND gate so that the clock 

pJlses are no longer gated through to the binary counter. The 

c1unter has recorded in binary form the number of clock pulses 

forwarded to it by the NAND gate. This binary number, then, 

SECRET 
SPECIAL HANDLING 

Approved for Release: 2017/08/16 C05099935 

50X1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



» 
"0 
"0 a 
< 
CD 
c. 
0' ..., 
::u 
CD 
CD 
Q) 
CJl 
CD 

I\) 
a 
-J --a 
00 -...... 
(J) 

() 
a 
0'1 
a 
CD 
CD 
CD 
CJ.) 
0'1 

-

,,< 

01 
o 
>< -->. 

- - - - -

START 
ENCODE 

ANALOG 

62.5 KHz 

SYSTEM 
CLOCK 

VOLTAGE I .... 1 

INPUT 

-

DELAY 
ONE SHOT 

-

VOLTAGE 
COMPARATOR 

- - - - -

CONTROL ~ESET I 
FLI P _ FLOP rioollllllt--1·r------JL~ 

SET" " RESET 

RAMP 
GENERATOR 

FIGURE 4.6-28 A TI'ITul/F; t~NCODER 

- - - -

BINARY OUTPUT 

r A~--~--~l 

BINARY COUNTER (7 BIT) 

-

'lj\Jl 
}) f\) 

OllO 
(DO 

o 
Wi 
\ Jl ;::d 
f--' 1.51 

01 
o 
>< -->. 

o 
o 

-

» 
"0 
"0 a 
< 
CD 
c. 
0' ..., 

c.::u 
II"~ 
(~ 

CJl 
,~ ..,1\) 

a - ...... 
-J --a 
00 -...... 
(J) 

() 
a 
0'1 
a 
CD 
CD 
CD 
CJ.) 
0'1 



I 
I. 

52~00 
P8,e 3~5:-::2=---------l 

Approved for Release: 2017/08/16 C05099935 
.., ... "'''' ... I 

SPECIAL IIANOLINe 50X1 

is a direct representation of the amplitude of the analog volt-

age signal. The encoding cycle is now complete and the con

verter is ready for the next start encode command. 

Figure 4.6-29 is a simplified schematic of the 

linear ramp generator which is a bootstrap integrator circuit. 
, 

D~ring standby, Ql and Q2 are saturated and the generator 
i 

o~tput is at a small positive potential. During a portion of 

t+s period the small charge of C2 which was lost during the 

Pievious enc~ding cycle is replaced. A start encode signal 

c~uses Q2 to become cut off and the ramp voltage starts to in-

crease. Since C2 is connected through the base-emitter junction 

o~ Ql to the ramp potential, a bootstrap action occurs. This 
! 

ajtion results in a constant potential being held across R. 

T,is causes a constant current to flow to C with resulting in 

a linear voltage built up across C with respect to time. 

! 

v~ltage 
trigger 

Figure 4.6-30 is a simplified schematic of the 

comparator. This circuit is derived from a Schmitt 

circuit except that as a result of the requirement 

for high input resistance, the feedback loop is coupled through 

tIe capacitor Cl· During standby both junctions of Ql are 

r verse biased. When an encoding cycle is started the ramp 

S~gnal increases the emitter voltage of Ql until its emitter 
I 

brcomes forward biased and transistor action occurs. Regenera-

t~on results producing a negative going pulse with a fast rise 

t~me at the output. 
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While the analog signal voltage limits are + 10 

\~c for the encoder, the input voltage is capable of taking on 

the extreme values of + ILl- VOC. The values less than -10 VOC 

and greater than + 10 VOC must be discriminated against in 

order that they cause no overrun of the counter. In order that 

voltage inputs in excess of + 10 VOC can have no effect on the 

output information, +10 VOC was made to correspond to the binary 

count 1111111. When the input voltage exceeds + 10 VOC the 

next clock pulse counted causes the counter to read 0000000. 

At the same time a pulse is generated which sets the control 

flip-flop to its "off!! state causing the clock pulses to be 

blocked from the counter. The result is that the count 0000000 

means that a voltage limit, either upper or lower, has been 

exceeded and no more clock pulses shall be counted. 

If the input voltage decreases beyond -10 VOC 

the base-emitter junction of Ql' Figure Ll-.6- 30 becomes forward 

biased. The result is that the comparator oscillates. In 

order that the counter does not record an erroneous count, 

the period of the delay one-shot was made greater than the 

period of oscillation of the comparator. In effect, this 

means that all voltages less than -9.842 VDC are blocked from 

the counter. 
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Test Generator Logic 

The function of the calibrator is to generate an 

50X1 

RF, signal of known characteristics, i.e., pulse width, ampli-
I 

I 

t4de, repetition interval, phase, etc., which can be processed 

b~ the system in the same manner as any other signal. This 

a~lOWs the System performance to be checked during intervals 

w en other data is being received. 

The calibrate signal generator shown in the block 

dOagram of Figure 4.6-31 generates a pulse train which is 

u ed to modulate the cal oscillator. Output of this oscillator 

i fed into a mixer board in the RF section and processed like 

a4y other signal. The phase, amplitude, etc., of this signal 

i~ essentially the same for each pulse generated, and readouts 

fdr these parameters in the data words can be used to check 

o eration of the circuits which measure them. 

Very little power is consumed by the calibrate 

o cillator as its supply voltage is switched on only during the 

i terval in which cal pulses are being generated. This is only 

4 milliseconds during each dwell period for a duration of 8 

s conds. These 8-second bursts occur once each 256 seconds. 

~ e Waveforms in Figure 4.6-32). The conditions which initi-

a e generation of cal pulses are: 

1. Cal time buffer set (every 256 seconds). 

2. 16 second clock HIGH. 

3. Cal sample pulse received from Programmer. 
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4. Cal is enabled (NO Recognizer Match). 

It can be seen from this list that initiation of 

enable and modulation pulses to the calibrator oscillator are 

independent of frequency. The reason for this is that the 

burst of enable pulses is of sufficient duration (8 seconds) to 

cover at least one complete scan of both frequency bands of 

the local oscillator. Since the output of the oscillator is 

spectral lines occurring each 120 frequency stepsJ the system 

processes calibrate pulses on only these stops, even though 

the oscillator is being enabled and modulated on every frequency 

stop in both bands. 

The enable level (Cal Gate) has a 4-millisecond 

duration during which a burst of 8 cal pulses are generated. 

Nine outputs of the System clock are used by the output gating 

to generate the proper pulse width and repetition interval for 

the cal pulse train. These parameters have been chosen to be 

1.0 and 500 microseconds, respectively. The burst of eight cal 

pulses occurs during the first four milliseconds of each dwell 

period. 

Distinction between data words and normal intercept 

words is provided by a 000 I.D. in the data word format. When

ever a cal pulse is generated, the Cal Data Bit F/F is set. 

When the system finishes processing the pulse, the buffer is 

cleared by a system reset. Thus the 000 I.D. appears only in 

those data words which contain the parameters of the calibrate 
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signal. Other pulses interleaved with cal pulses will also be 

p~ocessed, but will not contain the cal I.D. 

The calibrator logic is implemented on card A9A -

sembly No. 4124-64246. 

~---------" 
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Data Handler Interface Logic 
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The interface circuitry is necessary to make the 

Data Handler compatable with equipment external to the Reaper 

system. These circuits consist of discreet components and are 

all contained on a Drinted circuit board placed in location 

A35 of Assembly A43. Refer to Drawing No. 4124-64 The 

interfaces consist of the following circuits: 

(a) Command Computer Interface 

The information that is loaded into the 

Recognizer memory or the partial scan memory 

is transmitted to the Data Handler via a "II! 

line and a 110 11 line. For example, when it 

is desired to write a lilt! in the memory a 

pulse is generated on the tllil line. By the 

same token , a pulse on the "0" line repre-

sents a II 0 II. The Interface to the Data 

Handler is identical for both the "ll! and the 

"O!! lines and consists of an inverter which 

converts the input pulse levels to value 

compatable with the Reaper logic. 

(b) Three Level RZ Converter 

The 3LRZ Converter is used to convert the 

bilevel binary information signals at its 

inputs to a binary signal having three dis-

tinct voltage levels for transmission to 
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the DSU. The three output levels of 

50X1 

the 3LRZ converter are nominally +6.0 volts, 

o volts, and -6.0 volts. A 50 usec +6.0 volt 

pulse represents a logical one while a 50 

usec, -6.0 volt pulse represents a logical 

zero. After each logical one or zero, the 

output returns to a level of 0 volts. This 

system is therefore self-clocking, i.e., it 

requires no clock signal to differentiate 

between a logical one and a logical zero. 

This circuit will develop a 6.0 volt pulse 

across an external resistive impedance of 

3.75K ohms minimum. A truth table relating 

the inputs of the 3LRZ converter to its out-

put is shown in the following table: 

TABLE 3 LRZ CONVERTER 

4124-64248 

INPUTS OUTPUT 

PIN 73 PIN 77 

0 0 

1 -6.0 

0 +6.0 

1 0 
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(c) Time Input Interface 
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This circuit provides a load impedance 

of 22 + 4.4 Kn and converts the 6 volt 

input pulse to levels compatable with 

the Reaper time encoder. It further 

insures that input pulses of 6 volts 

amplitude having pulse widths of 10 

microseconds or less shall not cause the 

time encoder to count. 

In operation with no input Q5 and Q2 are 

saturated while Ql and Q6 are cut off. 

A pulse at the input causes Q6 of 

drawing 4124-64 to saturate causing 

Q5 to cutoff. When Q5 cuts off Q2 also 

cuts off due to a lack of base drive 

current thereby releasing the collector 

of Ql. The collector of Ql can go II high 11, 

however, only if Ql is also cutoff. The 

base circuit of Ql consist of a R-C 

differentiator thus when Q5 cuts off a 

positive I1spike l1 is applied to the base 

of Ql causing Ql to saturate and hold 

its collector voltage at a "low 11 state. 

Ql remains saturated until the charge 
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on c4 is reduced sufficiently to allow 

Ql to cut off. The period during which 

Ql is saturated is determined by the 

R-C time constant of the differentiator 

and is chosen such that a 10 micro-

second pulse at the input of the circuit 

will not cause Ql to become cut off. 

Input pulses of greater than approxi

mately 14 microseconds will allow Ql 

to cut off thereby allowing the circuit 

output to attain a IIhighll state and the 

time encoder to record an input. 

(d) Relay Driver 

The Relay Driver is not an interface 

circuit but is used to sink the drive 

current necessary to switch a relay. 

In operation, the input is held at a low 

level which keeps Q7 cut off. When the 

ecognizer receives a Ilturn offll command 

it generates a signal to the Data 

Handler. This action causes the input 

to the relay driver to "open!! thereby 

causing the current which flows through 

R15 to be applied to the base of Q7 

which then saturates. The collector 
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of Q7 is connected through a relay coil 

to +28 V D.C. When Q7 is saturated the 

relay coil is energized causing the 

logic power to the Recognizer to be 

disconnected, disabling the Recognizer. 
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Marker Word Generator 

Marker words are 48 bit data words generated by 

the system for recording on the DSU and for direct readout 

through the wide band data link. The marker word is identi-

fied by a zero in bit 48. Table 4.6-1 shows the 

format of this data word and figure 4.6-33 shows the func-

tional block diagram. Referring to this figure, note that 

the marker generator is composed of four block functions: 

the Control section, the Data Register, the 10 KHz Generator 

and the 3-level return-to-zero circuit. The marker function 

is essentially that of loading~ in parallel, 48 bits of data 

into the marker register and then serially shifting this data 

out and into the 3 LRz converter. This process is initiated 

when "Recognizer Enable and Recognizer Overridel! and IfDSU 

Request!! are enabled or when "DSU Activate" is enabled. Under 

these input conditions to the control section (see block 

diagram) the leading edge of the 8 pps clock triggers a 

pulse which loads the 48 bit data register. At the same time 

the 10 KHz shift clock generator is started and the serial 

shifting of data into the 3 LRZ circuit begins. At this 

time, a parity bit is injected into the data at bit 47 to 

provide even parity as required. After bit 48 is read into 

the 3 LRZ circuit, a "clear" pulse is generated which resets 

the control function, the register and the 10 KHz shift clock 
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TABLE 4.6-1 MARKER 1VORD FORMAT 

CONTENT BIT NO. 

SEare 25 
DSU 26 
Status 27 

28 
(MSB) 29 

Amplitude 30 
Threshold (LSB) 31 
DSU 32 
status 33 
stoE Scan 34 

(LSB) 35 
Set ID 36 

(MSB) 37 
High-Low Band 38 

(MSB) 39 
40 
41 

Frequency 42 
43 
44 
45 
46 

~LSB~ 47 
Time LSB 48 
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CONTENT 

Time 

(MSB) 
Parity 
Reaper "0" 
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generator. All functions then remain inactive until the 

leading edge of the next 8 pps clock. 

A more detailed description of the marker gener

a tor funct ion is c ontain.ed in the following paragraphs. 

Reference is frequently made to schematics 4124-64 

4124-64 4124-64 and 4124-64 

Marker generator logic A & B card, 4124-64318 

contains 47 flip-flops connected as a shift register. These 

flip-flops are loaded with data in parallel and shifted 

serially. The most significant bit, the last to be shifted 

ou t , is bit 47. This bit is always a zero because of the 

ground on pin 13 of module Z9 on side 4124-64241. 

A parity bit is generated by flip-flop module 

Z12 on marker generator logic 0 (card 4124-64243) to provide 

even parity for the serial output of this register. This bit 

is inserted into the flip-flop at module Z21 on 4124-64242 

immedintely following the serial shift of bit 46 into Z21. 

Bit 46 is always a zero at this point and becomes a II one" 

only if needed to satisfy even parity. 

The purpose of marker generator logic C & D 

(card 4124-64319) is to generate the controls for marker gener

ator logic A & B shift register 4124-64318. These controls 

consist of a clear pulse which "resets" all flip-flops (sets 

pin 9 high); a "Load" pulse which loads a 47 bit data word 

into the shift register; a shift clock consisting of 47 
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square wave pulses supplied at a 10 KHz rate, and a parity 

bit which is developed by module Z12 on card 4124-64243. 

The following is a description of the function 

of flip-flops located on marker generator logic C card 

r124-64243. 

iheir module 

These flip-flops are identified according to 

number on the board. 

F/F Z15 this flip-flop initiates a load/shift 

operation on the leading edge of each 8 pps 

clock provided "Recognizer Enable II is high and 

IlDSU Request!! is high or provided IfDSU Activate ll 

is high. 1tJhen this flip-flop "sets" (pin 6 

goes high) it enables the gate at Z22. This 

gate will theh clock the flip-flops which 

generate the parallel load pulse (Z17 and z18 

on 4124-64243) on the leading edge of the next 

500 KHz clock. 

F/F Z17 and z18 - These flip-flops make up the 

"parallel load pulse!! generator, the functlion 

of which is to develope a 2 microsecond negative 

pulse. Initially F/F z18 is cleared to "set tl 

(pin 6 is high) and F/F Z17 is cleared to I1reset!l 

(pin 9 is high). Upon receiving an enable signal 

at Z22 (from Z15), the F/F at z18 Ifresets" on 

the leading edge of the next 500 KHz pulse. 

Upon receiving the leading edge of the next 
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500 KHz clock at Z22, the flip-flop at z18 sets 

and simultaneously sets the flip- flop at Z17. 

This action blocks the gate at Z22, preventing 

the generation of more than one load pulse. 

F/F z16 - After the F/F at Z17 Ifsets!l, this 

flip-flop II set s I! on the trailing edge of the 

next 500 KHz clock. This action starts the shift 

clock generator located on marker generator 

logic D(card 4124-64244). 

Shift Clock Generator - This generator consists 

of seven flip-flops connected as a divide-by-

fifty counter. Dividing the 500 KHz input clock 

by fifty results in a signal at pin 64 (on 

4124-64243) which is initially low for 50 micro-

seconds after counting begins. This signal 

then developes 47 positive 50 microsecond pulses 

at a 10 KHz rate. 

Shift Counter - A six bit serial shift counter 

(modules Zl, Z3, z4, z6, Z7 and Z9 on 4124-

64243) counts the 50 microsecond shift pulses 

and detects the 46th pulse (module Zlo-6) and 

the 47th pulse (module zlO-8). The signal at 

zlo-6 loads the parity bit (if required) and 

the signal at zlo-8 limits the number of shift 

pulses to 47 and initiates the generation of a 

clear pulse (z14). 
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F/F M12 - This is the parity flip-flop. It is 

initially cleared to 1!Reset" (pin 9 is high) 

since it is clocked by the "ones!1 output line 

from the marker register (Z19-8), it is in the 

"set" position after an odd number of "'ones" is 

shifted out of the register. After 46 shift 

pulses, the parity bit will be in the least sig

nificant flip flop of the shift register. See 

4124-64242 pin 22). It will always be shifted 

in as a zero. If flip- flop Z12 is !1 set 11 at this 

time, flip-flop Z21 on 4124-64242 will !1set". 

This system always guarantees an even number of 

ones coming out of the shift register. (Even 

Parity) 

F/F Z13 and z14 - After the 47th shift pulse is 

executed F/F z14 is conditioned for set by 

zlo-8 and will set on the leading edge of the 

next 10 KHz clock. When flip-flop z14 1!sets" 

all flip-flops on marker generator logic card 

C, 4124-64243, are cleared to "reset!!. The flip-

flops of the shift clock generator are also 

cleared to reset. On the trailing edge of the 

500 KHz clock F /F Z13 I! sets 11, resetting F /F 

z14. On the next 500 KHz F/F Z13 "resets ll
• 

The load/shift cycle of the marker generator is 
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4.6.17 Description of the Operation of the Scan Control 
Function 

The purpose of the Scan Control Function is to con-

trol the counting range of the LO counter during the partial 

scan mode of operation. A choice of two counting ranges is 
I 

available. Each range may be selected singularly or both 

rapges may be selected symultaneously. When both ranges are 

sellected, the LO counter will count each range alternately. 

I The Logic functions required to control the LO 

cdunter in the scan mode are contained on"Scan Control Logic 

A land Bllcard 4124-64328 (the Scan Control Data Register) and 

tne"Scan Control C and LO counter' card 4124-64316 (The control 

logic for the scan operation). 

4. ~- 34 shows the relat ionships 
i 

The block diagram in Figure 

between the Scan Control 

fJnctions. New Scan Limits are loaded into the Scan Register 

01 the "data in 1" and Ifdata in 0" lines. When a Scan enable 

l~ne (lienable A", lienable B" or both) are raised,the control 

section selects the appropriate register sections using control 

l~nes "enable serial gates" and f1isolate registers". This 
I 

aft ion applies the proper upper limit to the comparator and 

the proper lower limit to the parallel input bus (9 bits) to 

the LO counter. The raising of the scan enable line also 

c~uses the control section to clear the LO counter and to load 

irto this counter the lower scan limit. The counter then counts 

C.F.C. pulses until the comparator senses that it has exceeded 

tbe upper limit by one count. When this occurs the comparator 
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puts out an "overflow" pulse. This pulse causes the control 

section to generate another LO counter clear pulse and another 

Ld counter load pulse. The lower Scan limit is again in the 

LO counter and the counting cycle repeats. 

I The following paragraphs describe the scan opera-

t~on in greater detail. Re~erences are made to schematics 

4]24-6 4124-6 , 4124-6 , and 4124-6 

I Scan Control Logic A and B, 4124-64316, is a 

L~giC Card containing a 36 bit shift register and associated 

lqgic. The purpose of the shift register is to contain the 

d~ta which specifies the counting range of the LO counter when 

Scan A or Scan B operating mode is selected. The erher the 

3 bit register is divided into four, 9-bit sections. The 

first 9-bit section Zl, Z2, Z3, z4, Z5, Z7, Z8., Z9J and 

Z10 on 4124-64238 contains the upper counting limit for the 

Stan B mode. The three remaining 9-bit sections contain "A 
I 

limit", liB lower limit'~ and "A lower limit' respectively. 

The following is a description of the operating 

for which this register is designed. 

The partial scan read-in operation consists of 

Ipading 36 bits of data serially into the register. This 

a¢tion is initiated when PSRI (Pin 7 on 4124-64238) goes low. 

~ (Pin 66 on 4124-64239) disables the data restore loop o~ 
the register preventing interference during the read in 

I 

operation. Also II enable serial gates II (p ins 59 & 78) is held 
50X1 
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high and !tisolate registers" (pins 52 & 77) is held low by 

the PSRI signal to prevent interference during this operation. 

The readout command is not initiated on this 

board. However, when this command is initiated, the !tenable 

serial gates ll signal goes high and the "isolate register" 

signal goes low. Since the PSRI signal is now high (no 

"read- in" command is present) the data restore loop is era bled. 

1tfuen the 36 readout shift pulses are applied to the registers, 

the data is simultaneously shifted through the register and 

restored at the input. 

1tfuen the Scan A mode is initiated the Ifisolate 

register" signal goes high and the lienable serial gates ll signal 

goes low. This places the IlA upper limit" and the "A lower 

limi t" on the parallel output bus OI~ the register. 

When the Scan B mode is initiated the "isolate 

register" signal goes low and the Ilenable serial gates" signal 

goes high. This places the B upper limit and the B lower limit 

on the parallel output bus of the register. 

The Scan Control Circuit Card 4124-64316 contains 

a bit comparator, a 9 bit counter, and logic for the control of 

the Scan Control A & B Card (4124-64328). The overall function 

of this logic is to control the counting range of the 9 bit 

LO counter. Four operating modes are possible: 

normal operation, Scan A, Scan B and Scan A & B 
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Normal operation occurs when the LO counter oper-

ates within its own pre-set limits and is unaffected by the 

$can Control Circuit. These limits cause the counter to count 
i 
I 

from 0 to 255 or 0 to 360 or alternate between these counts 
! 

in accordance with, whether low, high or both frequency bands 
I 

re selected. (Pins 31 & 33 on 4124-64217). During normal 

peration the counter always resets to zero at the completion 

f each counting sequence. 

The Scan A mode is selected when the ll enable All 

ignal (Pin 62 on 4124-64240) goes high. At this time the 

IF at M18 on the Scan Control Logic C Assembly (4124-64240) 

s set. This action conditions the register located on the 

can Control A & B Assembly 4124-64328, placing the IIA upper 

imitl! and a lower limit on the output bus of the register. 

The 9 bits of the rrA upper limit" are dumped into the compara-

or located on Scan Control C (4124-64240). The 9 bits of 

'A lower limit" are simultaneously placed on the 9-bit parallel 

'nput load bus of the LO Counter awaiting a 1l10ad enable ll 

ommand. 

The mode command "Enable A!!, besides connecting 

he upper and lower counting limits to the proper circuits, 

Iso causes the circuits of the Scan Control C Assembly 

(4124-64240) to generate a counter I1 c l ear " and a counter 

'load!! signal. (See timing diagram, Figure 4/'-35) .The clear 

signal is generated by flip-flops at position z6 and Z7. The 
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load signal is generated by flip-flops at position Z3, z4, and Z5. 

After the counter is cleared and then loaded with 

tlile "A lower limit", it proceeds to count CFC pulses until it 
I 

has completed one complete dwell time at the upper limit. At 

this time a positive overflow pulse from the comparator (Z21 

o~ 4124-64240) again sets the flip-flop at z14 and triggers 

ainew clear/load cycle. The LO counter continues to count 

brtween the "A lower limit" and the "A upper limit 11 as long as 

"tnable Alf is high and providing no read commands are executed. 

i The function of the Scan B mode is similar to the 

flnction of the Scan A mode with the exception that the register 

Ibcated on the Scan Control A & B Assembly is conditioned to 

0ftput the "B upper limit" and the lTB lower limit!! rather than 

lit upper limitll and "A lower limit!!. The LO counter will now 

count CFC pulses repeatedly between these limits as long as 

"~nable BII is up. 

The Scan A & B mode is generated by raising both 

"rnable A" and "enable BIf. 1iilhen this occurs, the flip-flop 

af position z18 on 4124-64240 toggles with each overflow signal 
I 

,rom the comparator. In the llset" state this flip-flop com-

mands the "Scan AI! mode and in the "reset!! state it commands 
I 

t)he "Scan B" mode. The LO counter now counts alternately 

~etween the "A" and "BT! limits. 

I A circuit is included which will detect an over-

1ange condition in the LO counter. This is done by detecting 
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that the two most significant bits of the LO counter are true 

while counting in the high band range. Under these conditions 

the module at Z12 on card 4124-64240 will clear the counter to 

zero~ preventing an over-range condition which might damage the 

local oscillator. 

Interrupts - The scan modes may be interrupted 

by any of the following events: 

a; Partial Scan read in is executed 

b. Partial Scan read out is executed 

c. The Scan mode selected is removed 

Should event a or b occur during a Scan mode, the overflow 

pulse from the comparator is blocked from initiating a clear/ 

load cycle. At the completion of the read operation, the LO 

counter will be cleared and loaded with the lower limit of the 

mode selected and will count only within this mode range. 

If both scan ITlodes are enabled at the completion of the read 

operation, the scan mode in which the LO counter will operate 

first is that scan mode which was initially interrupted. 

Should the Scan mode change (event c) the count-

ing range of the LO counter is conditional as follows: 

1. If, while operating in the alternate scan 

mode (A & B), the lower counting range is dis

abled while the LO counter is counting in 

the lower range, the counter will reset to 
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the lower limit of the lower range and will 

continue to count until the upper limit of 

the upper range is reached. The counter 

then resets to the lower limit of the upper 

range and then proceeds to repeat only the 

upper counting range. 

2. If~ while operating in the alternate scan 

50X1 

mode (A & B) the upper counting range is dis-

abled while the LO counter is counting in the 

upper range, the LO counter will be immediately 

cleared and preset to the lower limit of the 

lower range. The LO counter will then con-

tinue to repeat only the lower counting 

range. 

3. If, while operating in the alternate scan 

mode, a counting range is disabled other 

than the range in which the LO counter is 

counting, the LO counter will count undis-

turbed within the remaining selected range. 
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IL 6 .18 Description of The Relay Assembly (4124-66000) 

The Relay Logic provides a means for interfacing 

commands to the Reaper system from the command programmer. 

Further J it isolates the Reaper system from the command pro-

grammer. 

Commands are of two types. Type I corr®ands have a 

low current capability and meet the following requirements: 

True Level: +22.0 to 29.3 VDC 

False Level: 0 to +1.0 VDC 

Pulse Duration: 125 + 25 milliseconds measured 

Rise Time: 

Fall Time: 

between the 50% amplitude points 

0.5 to 20 milliseconds measured 

between 10% and 90% amplitude 

points. 

0.5 to 20 milliseconds measured 

between 10% and 90% amplitude 

points 

Maximu~ Current: 150 milliamperes at 29.3 VDC 

Maximum Load 
Inductance: 

Minimum Load 
Resistance: 

300 milliheneries at 20 kHz 

200 ohms 

Type II commands have a high current capability 

and meet the following requirements. 

'I'rue Level: +22.0 to 29.3 \TDC 

False Level: o to +1.0 VDC (OPEN) 
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Pulse Duration: 135 + 35 milliseconds measured at 

Relay Contact 
Bounce: 

the 90% amplitude points 

2 milliseconds 

The relay box houses 35 latching relaysJ 2 momen

and 4 power switching latching relays. Also in-

filter networks for relays located in the command 

and recognizer unit. The 41 relays are mounted on 

a ~etal frame and are serviced by 4 sixty-six pin connectors. 

Eath relay has a filter across the contacts to surpress con-

I 
tatt bounce. AlsoJ each relay coil has a diode across it to 

drain away reverse current generated when it is de-energized. 

All discrete components are mounted on seven printed wiring 

bo~rds housed within the frame. 

i 
I As an example of the way rela.y commands are genera-

refer to relay assembly schematic J Figure 4.6-36 and 

Ie 4.6-2. This command will llreset ll k36 (energize the left

d cOil). This places +6 volts on pins 42J 45 and 46 of 

connector J4. Pin 42 is a TM point. Pin 45 goes to the data 
! 

hardIer and pin 46 goes to the IF section. The commands arrive 

at the relay coils in the form of 125 milliseconds pulses with 

amklitudes of from +22 to +28 volts. Kl and K2 are momentary 

re~ays and will remain closed only for the duration of the 

co~and pulse. The remaining 39 relays are latching relays 
I 

w~ich remain in either of two states depending upon which of 

I 
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COMIViAND NO. 

RCl 
RC2 
RC3 
Rc4 
RCc) 
RCEl 
RC7 
Rc8 
RC9 
RCIO 
RCll 
RC12 
RC13 
RC14 
RC15 
RC16 
RC17 
RC18 
RC19 
RC20 
RC21 
RC22 
RC23 
RC24 
RC25 
RC26 
RC27 
RC28 
RC29 
RC30 
RC31 
RC32 
RC33 
RC34 
RC35 
RC36 
RC37 
RC38 
RC39 
Rc40 
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TABLE 4.6-2. SYSTEM COIvTIVIANDS 

RELA Y NO. COMMAND NAME 

K5-R* 
K5-S 
K6-R 
K6-s 
K36-R 
K36-s 
K37-R 
K37-S 
K38-s 
K39-R 
K32 & K33-S 
K32 & K33-R 
K7-S 
K7-R 
K8-R 
K9-R 
K8 & K9-S 
K12-R 
K13-R 
K14-R 
K15-R 
K16-R 
K17-R 
K18-R 
K19-R 
K12 - K19-S 
KIO-R 
KIO-S 
KII-S 
KII-R 
K3-S 
K3-R 
K20-R 
K20-S 
K21-R 
K21-S 
K22-R 
K22-S 
K23-R 
K23-S 

Increase Dwell Time 
Decrease Dwell Time 
Partial Frequency Scan A On 
Partial Frequency Scan A Off 
Threshold Control A 
Threshold Control A 
Threshold Control B 
Threshold Control B 
Recognizer Enable 
Recognizer Disable 
Payload On 
Payload Off 
Readin On 
Readin Off 
Disable Upper Frequency Band 
Disable Lower Frequency Band 
Enable Upper & Lower Freq. Band 
Disable Memories 
Disable FOV Inhibit 
Disable Tmin Confirm 
Disable Tmax Inhibit 
Disable A/R Inhibit 
Disable Real/Image Confirm 
Disable PW Confirm 
Disable Frequency Confirm 
Reset R18 through R25 
Disable CW - SI 
Enable CW - SI 
Disable Recognizer Buffer 
Enable Recognizer Buffer 
Enable RF Calibrator 
Disable RF Calibrator 
Enable Set A 
Disable Set A 
Enable Set B 
Disable Set B 
Enable Set C 
Disable Set C 
Enable Set D 
Disable Set D 

* R Reset Coil (Left coil on schematic 4124-66001) 
S = Set Coil (Right coil on schematic 4124-66001) 
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CO~ND 
Rc4l 
RCLI2 
Rc43 
RCLI4 
Rc45 
Rc46 
Rc47 
Rc48 
Rc49 
RC50 

RC5l 

RC52 

RC53 
RC54 
RC55 

,RC56 
I
RC57 
RC58 

.RC59 
IRC60 
Rc6l 
Rc62 
Rc63 

NO. 
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TABLE 4.6-2. SYSTEM COMMANDS 

RELAY NO. 

K24-R 
K2LI-S 
K25-R 
K25-S 
K26-R 
K26-s 
K27-R 
K27-S 
K29-R 
K29 & K30-S 

K3l-R 

K3l-S 

K34-s 
K35-S 

K2-S 
K28-R 
K28-s 
K30-R 
K34-R 
K35-R 

COMMAND NAME 

Enable Set E 
Disable Set E 
Enable Set F 
Disable Set F 
Enable Set G 
Disable Set G 
Enable Set H 
Disable Set H 
Enable Recognizer Input Mode 
Disable Recognizer/Partial Scan 

Input Mode 
Enable Recognizer/Partial Scan 

Readout 
Disable Recognizer/Partial Scan 

Readout 
Recognizer Threshold Bit A 
Recognizer Threshold Bit B 
Spare 
Spare 
Spare 
Time Reset 
Partial Scan B On 
Partial Scan B Off 
Enable Partial Scan Input Mode 
Recognizer Threshold Bit A 
Recognizer Threshold Bit B 
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the two coils was last energized. These relays will operate 

reliably over a temperature range of -30°C to +85°C with a 

pulse amplitude of +22 volts minimum and a pulse width of 

125 milliseconds minimum. 
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4.6.19 
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Telemetry (TIM) Assembly 

The TM Assembly receives 122 input signals and 

C01ditions these signals for conversion to telemetry data. 

A11 T.M. circuits are listed and described in Table 4.6-3. 
I 

50X1 

Th~s table gives the name of the TM point, the location from 

Wh~Ch the T.M. signal originated, whether the signal is 

cr~te or analog, whether the signal is resolved through 

dis-

use 

of a 4-bit or 8-bit encoder, the signal category and the type 

of ,circuit used to condition the signal. 

I The l!conditioningl! process consists of trans-
I 

forming these signals to a voltage level between zero and 

+~~12 volts. Those signals which are analog* are designed to 

oP$rate into 2 megohms minimum and 200 picofarads maximum load. 

Those signals which are discrete**must operate into a load of 
I 

50~ k ohms minimum and 2000 picofarads maximum. 

I The 122 input signals are divided into the fol-

lo~in~ classifications: 
, 0 

Category No. 

1 Negative Voltages 8 

2 Positive Voltages Equal to 

or greater than +5.12 Volts 19 

3 Positive Voltages less than 5 

+5.12 volts. 

*Apalog - Signals which are continuously variable over a given 

**Di. t ~scre e 
I 

range 
- Signals which may attain only two voltage levels. 
These levels for T.M. circuits are -0.4 to +0.9 V.D.C. 
and +3.1 to +5.9 V.D.C. 
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T.M. POINT 
NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

<..n 

~ 
-->. 

- - - - - - - - -
TABLE Ll-. 6- 3 . TELElviETRY POINTS 

DISCRETE 
DESCRIPTION LOCATION ANALOG RESOLUTION 

Hain Power Voltage pis A 4 
Main Current T.N. A 4 
Aux. Voltage pis A Ll 
Aux Current T.N. A 4 

On T_M. D 4 
_ POl'ler Monitor (Low Band), T.M. A 4 

L. O. POl'ler Nonitor (High Bandl T.N_ A 4 
Osc Control Current iLOVI Band T.N. A 4 
Osc Control Current High Band) T.M. A 4 
D/A Output I Lm'l Band) D/A A 4 
D/A output (High Band) D/A A 4 
System Osc T.N. D -
System Clock D.H. D -
Time Encoder Bit 1 D -

2 D -
3 D -
4 D -
5 D -
6 D -
7 D -
8 D -
9 D -

10 D -
11 D -
12 D -
13 D -
lLl D -
15 D -
16 D -
17 D -
18 D -
19 D -
20 D -
21 D -
22 D -
23 D.H. D -

Low Band Supply Voltage A T.N. D -
High Band Preamp Supply Voltage B T. ).1, D -
Recognizer Inputs T .:·1. D -

- - - -
TYPE OF 

CATEGORY CIRCUIT 

3 F.E.T. 
3 F.E.T. 
3 F.E.T. 
-~ F.E.T. 
2 F_E_T. 
3 Op. Amp_ 
3 Op. Amp. 
1 Op. Amp. 
1 Op. Amp. 
3 -
3 -
3 Op. Amp. 

Fil. 

Fil. 
-

2 DIV 
2 DIV 
6 FH. 

-

f-d Ul 
,;) 

()"q 
(]) 

() 
01 I 
,0 ::u 
..)-' \.Jl 

':,:) 

o 

-

» 
"0 
"0 
(3 
< 
CD 
c. 
0' ..., 

c,::U 
I"~ 

CD 

(~ 
;::I~ 
1"1\) a _ ...... 

-J 
(3 
~ ...... 
(J) 

() 
a 
0'1 
a 
CD 
CD 
CD 
CJ.) 
0'1 

<..n 

~ 
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TABLE 4.6-3. TELEMETRY POINTS (CONT'D) 
!-dVl \ OJ h' 

dtl 
(!) 

-' 

T.M. pemIT ------ - --
"-~---.---I- -- .--~ ........... IiJSCRETE TYPE OF 

~. DESCRIPTION LOCATION ANALOG - RESOITJ']' ION CATEGDRr--- CIRCUIT 

40 Sample A/D T.M. D - 6 Fil. 
41 IF Disable j) - 6 
42 CW Logic D - 6 
43 Preamp SW Low !:land D - 6 
Lr4 Preamp SW High Band j) - 6 
45 Frequency output s D - r 

0 

46 Frequency Outputs D - 6 
Lr7 Frequency Outputs j) - 6 
48 Frequency Outputs D - 6 
49 Frequency Outputs D - 6 
50 Frequency Outputs D - 6 

» 51 Frequency Output s D - 6 
52 Frequency Outputs r 

"0 D - 0 
"0 53 Frequency Outputs D - 6 » ..., 
0 5)j Frequency Outputs D - 6 "0 

< "0 
CD t;h. SI Gated D - 6 ..., 

56 0 c. SI Ungated j) - 6 < - 57 Marker \-lord Output D - 5 CD 
0 C. ..., 58 Data Outputs D - 5 -;U 59 Enable Output D - 3 0 
CD 60 Clock Output D h 

..., 
CD - -' Fil. ~;U 
Ol 61 DSU Requested T.M. D - 2 F.E.T. I~ 
CJl 62 DSU AVailable Rel. D - 3 -
CD 

CD 
63 DSU Actuate Rel. D - 3 - jOl 

I\) 6i r Recognizer Readout T.M. D. 6 Fil. 
CJl - 'CD a 65 SGLS Clock T.M. D 6 Fil. 

, .. 
- II\) 

-J 66 SGLS Enable T.M. D - 6 Fil. -.. a 
a 67 CFC T.M. D - 6 Fil. ....... 
00 68 RF Calibrator ill T.M. D 6 Fil. -J 
-.. - -.. 
...... 69 RF Calibrator #2 T.M. D 6 Fil. a 
(J) - 00 

'(0 Dwell 'rime Rel. D - 3 - -.. 
() 

...... 
a 71 Requency Scan A Rel. D - 3 - (J) 

0'1 72 Frequency Scan B Rel. D - 3 - () 
a 73 Threshold Control #1 D - a 
CD -
CD 711 Threshold Control #2 j) 

0'1 - - a 
CD 75 Recognizer Enabled D - - CD 
CJ.) 
0'1 76 Read-in On 1) - CD - CD 

77 Upper Rand Enabled D - - CJ.) 

'(8 Lower Band Enabled D - - 0'1 

79 Memories Enabled D - -
80 F.O.V. Inhibit D - -
81 Tmin Confirm Enable D - -
82 Tmax Inhibit Enable D - -
83 A/R Inhibit Enable D - -
84 Heal/Image Confirm Enable Hel. D - 3 -

01 
0 
>< -->. 

01 
0 
>< -->. 

- - - - - - - - - - - - - - - - - - -
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T.M. POINT 

NO. 

85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 

107 
108 
109 
110 
III 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 

125 
126 

- - - - - - - - - - -
TABLE 4.6-3. TELEMETRY POINTS (CONT!D) 

" ", 

DISCRETE 
DESCRIPTION LOCATION ANALOG RESOLUTION CATEGORY 

PI-I Confirm Enable ReI. D - 3 
Freq. Confirm Enable D -
CW SI Circuit s Enabled D -
Pre D. Circuits Enabled D -
RF Cal ibrator Enabled D -
Set A Disable D -
Set B Disable D -
Set C Disable D -
Set D Disable D -
Set E Disable D -
Set 1" Disable D -
Set G Disable D -
Set H Disable D -
Rec ognizer Input Mode D -
Fec/Part Scan Readout Mode D -
Partial Scan Input Mode D -
Recognizer Threshold Bit A D -
Recognizer Threshold Bit B ReI. D - 3 
L. O. Regulator T.M. A 4 2 
Main PO'.'Ier Supply +28 V A 4 2 
Main Power Supply +8 V A 4 2 
Main Power Supply +6 V A 4 2 
Main Power Supply +4.9 (DH) A i+ 3 
Main Power +15 V A 4 2 
Main Power +12 V A 4 2 
Main Power +10.5 V A i+ 2 
Main Power +15 V F A 4 3 
Main Power -8 V A 4 1 
Main Power -6 V A 4 1 
Main Power -4.9 V A 4 1 
Main Power -10.5 V A i+ 1 
I,lain Power +4.9 V (Rec) A 4 3 
Fecognizer Power +10 V D - 2 
Recognizer Power -10 V D - 1 
Fecognizer Power +i+. 9 V D - 2 
Recognizer Power -4.9 V D - 1 
Recognizer Power +6 V D - 2 
SPARE D 
Rec ognizer Powe I' +12 V D - 2 
Recognizer Power +28 V D - 2 
Aux. Power +4.9 V A l~ 3 
Temp. Phase Channel #1 1:.M. A 8 3 

- -
TYPE OF 
CIRCUIT 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
--

DIV. 
Zener 
DIV. 
DIV. 
DIV. 
Zener 
Zener 
Zener 
F.E.T. 
Op. Amp. 
Op. Amp. 
Op. Amp. 
Op. Amp. 
DIV. 
DIV. 
Op. Amp. 
DIV. 
Op. Amp. 
DIV. 

DIV. 
DIV. 
DIV. 
DIV. 

-
(~1/;':-: 
".'" ," ", ,~;~ 
r . ,; 
~ ~ : .:~ -, 

, ~. :. 
(, 

1-d\5' 
CJ [\) 

at] 0 
CD 0 

o 
WI 
"-C)!Jj 
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o 
o 

-

» 
"0 
"0 a 
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TABLE 4.6- 3. TELEMETRY POINTS 

['Lli. POINT 
NO. 

-. 
DESCRIP'I'ION LOC1tTI (,)N 

.-----

127 Temp. Phase Channel #2 T.M. 
128 Temp. Phase Channel #3 
129 Temp. Phase Channel #4 
130 Temp. Freq. Confirm 
131 Temp. Log IF //1 
132 Temp. Log IF f!2 
133 Temp. A/D Converter 
134 Temp. SI 
135 Temp. A/R 
136 Temp. Real/Image 
137 Temp. Recognizer Threshold 
138 Temp. Pre-D 
139 Temp. Main pis (/1 
li.+o Temp. Main pis (/2 
141 Temp. Aux. pis 
11+2 Temp. Recog. Memory #1 
143 Temp. Recog. Memory #2 
11,1+ 'remp. SWI Memory 
lL'5 Temp. DS Memory 
Ilj6 Temp. Rec. Rack 
147 Temp. DR Rack 1/1 
148 Temp. DR Rack #2 
149 Temp. D/A l\SSY. 

150 Temp. Loc. Osc. 
151 Temp. Current Driver 
152 Temp. Oven 
153 Temp. Stripline Low Band 
154 Temp. Stripline High Band 
155 Temp. Support Channel 
156 Temp. Honeycomb 1 
157 Temp. Honeycomb 2 
158 Temp. Honeycomb 3 
159 
160 

Temp. Honeycomb 4 
Rec. Input "0" Line T.M. 

KEY: F. E. T. - Field Effect Transistor Circuit 

01 
o 
>< -->. 

- -

Op. Amp. 
Fil. 
pis 
T.M. 

.. 

- Operational Amplifier Circuit 
- Decoupling Network 
- System Power Supply 
- T. M. Assembly 

- - - - -

DISCRETE 
ANALOO 

A 

A 
A 
1\ 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
D 

-

D/E 
D/A 
DIV 
Rel. 
Zener 

-

(CONT!D) 

--
TYPE OF -, C',' "'DC' 00-'1'- G-IRGUIT -

8 3 DIV. 
8 
8 
4 
8 
4 
8 
4 
4 
4 
4 
4 
8 
4 
If 
8 
8 
4 
8 
4 
4 
4 
1+ 
8 
8 
8 
1+ 
4 
1+ 
4 
4 
4 
4 I 3 

I DIV 
1+ 6 Fil. 

- Data Handler 
- Digital to Analog Converter 
- Voltage Divider 
- Relay Assembly 
- Zener/Divider Circuit 

- - - - - -
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(Continued) 

Category No. 

4 

5 

6 

Type 

Thermistor Inputs 

Digital Inputs 

Decoupling Circuits 

Total 

52000-R500 
Page 395 

Qty. 

34 

3 

53 

122 

The TIM circuits which condition these signals are described 

in the following paragraphs. 

Circuits for conditioning Category #1 signals -

negative voltages, regardless of value are reduced to -200 

millivolts or less using a voltage divider and then amplified 

by a Fairchild Operational Amplifier Moded #702A. The ampli-

fier is designed to operate in the inverting configuration so 

50X1 

that the output will vary between zero and +5.12 volts for the 

expected variations in the negative input voltage. See 

Figures 4.6-37 and 4.6-38. TIM circuits falling into this 

category are TM 112, TM 113, TM 114, TM 115, TM 118, TM 120, 

TM 8 and TM 9. 

Circuits for Conditioning category #2 Signals 

These signals are subdivided into two categories: 

Analog signals and Discrete signals. The analog outputs are 

adjusted for a nominal output of +2.5 volts. This adjustment 

is normally made by a voltage divider. Examples are Tm 103 

TM 105 and TMI07. When the input signal is large, a Zener 

diode is uSed to increase the output sensitivity. This is 

t, ,'. 
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GAIN = Rf 

Rs 

REG = Rf 
Rf 
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R 5 

Rs 

7 

NOTE: THE VOLTAGE AT TERMINAL 
2 MUST NOT EXCEED 200 MILLI
VOLTS. OTHERWISE THE AMPLIFI ER 
WILL SATURATE. 

FIGURE 4.6-37 INVERTING OPERATIONAL AMPLIFIER 
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FIGURE 4.6-38 OPERATIONAL AMPLIFIER RESPONSE 
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dO$e in TM 104, TM 108, TM 109 and TM 110. 

Discrete Signals equal to or greater than +5.12 

voits are also converted to a voltage range between +4.0 and 

+5~12 volts by voltage dividers. Included in this catego'ry 

ar~ TM 37, TM 38, TM 117, TM 119, TM 121, TM 123, and TM 124. 

Whtre a large amount of isolation is required, a F.E.T. 2N2609 

ci! cuit is used. When connected as in Figure 4.6-39, the input 
i 

im~edance is greater than 10 megohms. Figure 4.6-40 shows 

tY~iCal response curves for temperatures of -30°C, +25°C and 

+8~oC. TM 5 and TM 61 utilize this type of circuit. 
! 

Positive signals less than +5.12 volts category 

#3) signals are amplified through the use of Fairchild #702A 
I 

oplerational amplifiers. The amplifier is connected in the non-

iJverting configuration as shown in Figure 4.6-41. The response 

c1rves for this circuit for temperatures of -30°C, +2SoC and 

+J5°C are shown in Figure 4.6-42. The T.M. points included in 

t~is category are TM 6, TM 7 and TM 12. TM 116 and TM 125 also 

f~ll in this category. 

Some analog Signals require isolation from the 
I 

irlput signal. This is accomplished through use of a field 

eJfect transistor (Figure 4.6-39). Examples are TM2, TM4,and 

T~ 111. 

I There are thirty-four temperature monitoring TIM cir-

ctits (TM126-TM1S9) similar to the circuit shown in Figure 4.6-43. 
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+4.9 V 

2.21 K 

609 

FIGURE 4.6-39 TYPICAL F.E.T. CIRCUIT 
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RS = R 2 R 3 

R 2 R 3 

NOTE: I F THE VOL TAGE AT TERMINAL 
3 EXCEEDS 200 MILLIVOLTS, THE 
AMPLIFIER WILL SATURATE. 

FIGURE 4.6-41 NON-INVERTING OPERATIONi'lL AMPLIFIER 
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A typical response curve of one of these circuits with tem-

perature is included in the same figure. 

Greater accuracy is required of thirteen of these 

circuits because they drive 8-bit rather than 4-bit encoders. 

Ini order to attain maximum accuracy;, the resistor-thermistor 

circuit which was initally used to obtain the thermistor 

rerponse curve;, is maintained in the system as a matched group. 

T/j points which fall in this category are TM 126, TM 127, TM 128, 

TM 129, TM 131, TM 133, TM 139, TM 142, TM 143, TM 145, TM 150, 
I 

TM115l, and TM 152. 

TM 57 -

The Input to this circuit is a 3-level return-to-

zeto digital signal from the marker generator register. The 

fi. st stage consists of a differentiator (Resistor/Capaci tor) 

Wh~Ch develops a positive spike for a Iione ll and a negative spike 

for a IIzeroli. The negative spike is clipped by the diode and 

th~ base-emitter junction of the transistor. The transistor, 

cohnected as an emitter follower, provides a low impedence 

so~rce to drive the divide-by-five counter. 

I Since the marker generator register always delivers 
I 

ani even number of Iionesl' (even parity), the output of the counter 

wi~l normally rest in a different state after each marker word. 

Th~S frequently changing co~ter output indicates that the 

ma~ker generator is active. 

TM 58 

The input signal to this TIM circuit is a positive 
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pulse (16 sec wide minimurn)which represents system output data 

to the C.S.U. The strobe pulse which samples the output signal 

is 125-usec wide. The divide-by-eight circuit of TM 58 is 

used to stretch the input signal out to 128-usec minimurn,to 

improve the chances of strobing the signal each sample time. 

Since it is very unlikely that the data output to the CSU 

will form a regular pattern (101010 •.•• ) the width of the out

put signal will normally be much greater than 128-usec. 

TM 60 

The circuit receives the clock output to the CSU, 

a 16 microsecond square wave, and expands it into a 512-usec 

square wave. This square wave clock occurs only during trans-

mission of data to the CSU. 

The TM Assembly also contains R-C filters which 

are used to filter out high frequency noise and to slow down 

fast rise time signals which might cause cross-coupling among 

cabled wires. TM signals conditioned in this manner are TM 13 

through 36, 39 through 56, 59, 64 through 69, 101, 102, and 160. 
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Recognizer 

Introduction 

The Recognizer is a separately enabled subassembly 

which contains the logic circuits necessary to sort out and 

identify emitters according to selected intervals of frequency, 
I 

pu~se width, and pulse repetition rate. Once a desired signal 

has been identified the Recognizer requests use of the Data 

storage Unit (DSU)3 initiates a predetermined record mode of 

operation, and stops the frequency scan at the point of signal 

identification. At the end of the record period the frequency 

s~anning circuitry is enabled and search for another emitter 

is commenced. 
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The Recognizer must retain the data stored in the 

memory during the Turn On/Turn Off cycle. The control during 

these operations is in the Recognizer Programmer and the Data 

Handler. 

The turn on procedure is initiated by the Recog-

nizer turn on command to the Relay Interface Logic from vehicle. 

The relay logic turns on the logic power (+1+.9, -1+.9, and +12 

vOlts) to the Recognizer. After a delay of 15 to 35 milli-

seconds a relay command from the Recognizer is issued to turn 

on the memory power (+10.5, -10.5, and +6 vOlts). 

The turn off procedure is initiated by the Recog-

nizer turn off command to the Relay Interface Logic. This 

command turns off the memory power and instructs the Data 

Handler to turn off logic power. The "turn off" of the logic 

power will occur from 125 to 250 milliseconds after the memory 

power has been turned off. 
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Read In/Read Out Mode 

Before the Recognizer can successfully identify an 

emitter for recording on the DSU it must first receive and 

store the predetermined limits of the emitter parameters for 
I 

US$ during the Search mode. The Read In mode is employed to 

s re these parameter limits in the Recognizer core memory_ 

. The Read In mode is initiated by the receipt of 

a ~eCOgniZer Input Mode command from the Relay Assembly. This 

co~and causes the memory to be completely erased to prepare 

itl to accept new in~ormation. The information to be stored in 

the memory is then presented to the read-in logic in the form 

of a serial 448 bit data word at a rate of approximately 1 KHz. 

Th~S data word consists of eight 56 bit sub-words (Set A 

thr' ough Set H), each of which contains upper and lower limits 

of frequency, pulse width, and pulse repetition interval. A 

sUr-WOrd format is shown in Figure 4.7-1. 

The serial data word is shifted into a 14 bit 

sh~ft register, while the shift pulses are counted in a separate 

co~nter. When the counter indicates that the first 14 bits have 

bern shifted into the register a memory write cycle is generated 

to store these 14 bits in the first address of the memory. 

~en the counter indicates that the second group of 14-bits has 

b~en shifted into the register another write cycle is generated 

the second memory address. This td place these 14 bits in 

plocess is repeated until all 32 of the 14 bit data groups have 
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thus placing the full 448-bit data word in the 

me~ory. The Recognizer Input Mode command is then disabled to 

corPlete the Read In mode operation. 

I The functim of the Read Out mode is to 

prbvide a non-destructive readout of the memory contents in 
I 

sejrial form. In addition, this mode also reads out the contents 

o~ the Partial Scan storage register (36 bits). These two 

data words are combined into a single continuous 484-bit serial 

dJta word at the output of the Recognizer. 

The Read Out mode is initiated by receipt of 

18KHz shift clock, shift clock enable) and a readout command. 

wqen the command is received a memory read/restore cycle is 

g1nerated to read out the first address (14 bit byte) from the 

m~mory and place it in the same shift register used during 

t~e Read In mode. The restore operation writes the data back 
I 

i1 the same address immediately to make the readout operation 

nGn-destructive. Since the 36 bits of Partial Scan limits is 

to be readout first in time the first 36 shift pulses (128 KHz) 

ate routed to the Partial Scan register in the Data Handler to 
I 

Slift out this data. This data is circulated in the register 

dfring readout so that it is not destroyed. When the logic 

d~tects that the Partial Scan data readout is complete the 

n~xt shift pulse is directed to the 14 bit Recognizer shift regis

trr to begin shifting out the 14 bit byte previously unloaded 

from the memory. When the shifting of this byte is complete 

a~other read/restore cycle is generated to place the second 

address data in the register. This data is then shifted out 

----.lr the next 14 shift pulses. This process is continued until 
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all 448 bits have been unloaded from the memory and shifted 

out. The readout command may then be disabled to complete 

the Read Out mode of operation. 

4.7.2.3 Search Mode Operation 

Operation of the Recognizer in the search mode 

is initiated by the receipt of a Read In (RI) command. Once 

this command has been issued the Programmer (see block diagram 

in Figure 2.1-1 )waits for a Change Frequency Command (CFC) 

signal from the Data Handler. When a CFC is received the 

Programmer generates the necessary signals to the Input/Output 

Control logic and Addressing logic to read out the lower and 

upper frequency limits of Set A from the memory 

frequency code of the local oscillator (LO) counter in the Data 

Handler is gated to the Comparison logic and compared with the 

frequency limits of Set A. If the comparison shows the 

LO frequency to be greater than the lower limit and less than 

(or equal to) the upper limit the Decision logic stores this 

result by generating a "favorable comparison rT pulse which stores 

the identification code (Set ID) of Set A in the Addressing 

logic. This comparison operation is repeated for Set B 

through Set H, each time storing the Set ID of those sets 

',,: "," 

r"'," , 
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producing favorable comparisons of frequency. The number of 

fa~orable comparisons stored during this phase of the search 

mode is limited to four in order to reduce processing time and 

logic complexity. Therefore, all favorable comparison of 
i 

frrquency limits greater than four are ignored by the system. 
j 

The above frequency comparison cycle is performed each time a 

CFe is received and is completed within the LO settling time. 

Inl the event no favorable frequency comparisons are obtained 
I 

onl a given LO frequency step the Programmer resets all logic 

anF wa~ts for the next CFC. For one or more favorable frequency 

co~parlsons the Programmer sets the logic for processing the 

Ungated 81 signal. 

I The Inhibit Logic, Threshold Buffer and Pulse 

Wi~th EncQder are enabled for the next T'ngated 81 pulse as soon 

asl the Data Handler is ready to process an Ungated SI. H an 

un~ated 81 pulse occurs its pulse width is measured by the 

pullse Width Encoder, the amplitude threshold code is stored in 

the Threshold Buffer, and the confirm signals from the IF 

aslsemblY and Data Handler are stored in the Inhibit Logic. 

Ifll all confirms are present the Programmer issues the necessary 

signals to the Addressing Logic to readout the upper and lower 

P11se width limits from the memory of the first set which produced 

a !favorable comparison during frequency limit comparison. The 

encoded pulse width from from the Pulse Width Encoder is then 

isl then compared with these limits and if' a favorable comparison 
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is obtained the Programmer then examines the Mode Select 

bit for the set (which was read out of the memory with the pulse 

width limits). If the Mode Select bit is a logical zero 

(single pulse mOde) the Record Mode of operation is enabled 

and the Programmer instructs the Addressing Logic to readout the 

Output Mode code for the set under consideration from the memory. 

This code is used by the Record Mode Control logic to determine 

the length of recording time for the pre-detect2d signal. 

A pulse is then generated to request use of the Data Storage 

Unit (DSU). If the DSU is available a signal is issued by the 

Record Mode Control logic to block the CFC to the LO counter. 

If the DSU is not available and the Output Mode code is either 

001, 010, 011 the Programmer will reset all logic and wait r 

the next CFC. However, if the DSU is not available and the Out-

put Mode code is 100, 101, or 110 a "Block CFC II signal is issued 

and the system begins a sixty second wait period. If during 

this interval the DSU becomes available the system immediately 

records for the proper period as determined by the Output Mode 

Code. If the DSU does not become available during the wait 

period the Programmer resets the system at the expiratj_on of the 

wait period and waits for the next CFC. If a favorable com-

parison of pulse width is not obtained for the first set readout 

of the memory, the other sets which matched on frequency com-

parison (if any eXist) are then read out and compared in the same 

manner until either a pulse width match is obtained or all sets 

~ ...... ~ ... ·l 
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have been compared unsuccessfully. If no matches are obtained 

the Programmer resets the logic and waits for another CFC. 

If) during the pulse width comparison mode described 

a90ve the Mode Select bit is found to be a logical one (intercept 

m~de) it is then necessary to examine the pulse-repetition inter

vl of the Ungated 81 pulse before the Record Mode may be entered. 

T e pulse-repetition-interval (PRI) code for the emitter being 

r ceived is computed in the Data Handler. When this information 

b comes available to the Recognizer the Progra~~er instructs 

t e memory to readout the PRI limits of the set under considera-

tt on • A comparison of the received PRI and the stored limits 

i1 then made by the Comparison logic. If a favorable comparison 

i~ obtained the Record Mode is enabled and operation proceeds 

a described above for the single pulse mode. If a favorable 

c mparison of PRI is not obtained for the first set of PRI 

1 mi ts readout of the memory the other sets which matched on pulse 

w dth comparison (if any exist) are then readout and compared 

i the same manner until either a PRI match is obtained or all 

s ts have been compared unsuccessfully. If no matches are 

o tained the Programmer resets the logic and waits for another 

C C. 
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The input/output control logic provides the proper 

pulses and levels required to perform the Read In and Read Out 

modes described in 4.7.2.2. This logic consists of assemblies 

A10B (4124-63202)J AllA (4124-63211), and AllB (4124-63212) in 

the Recognizer and A2lA (4124-64249) in the data handler. 

The Recognizer is commanded to read the 448 bit 

data word into the memory by a change of level on AllA, pin 37 

to a ZERO. This triggers the single-shot circuit comprised of 

M4 and M5 and produces a 2 usec pulse at pin 41 which erases 

the memory to prepare it to receive the new data word. The 

448 bit serial data word is presented to the Recognizer on 

two separate lines; one line for pulses representing logical 

ones and another for pulses representing logical zeroes. 

After passing through level converting interface 

circuits in the data handler these two signals are applied to 

pins 40 and 28 of A21A in the data handler. Here they are 

combined in a logical OR gate to produce the required shift 

pulses for insertion of the data into the shift register. 

Card A21A also contains two counters, a module 14(Ml-M5), and 

a module 32 (M6-M10) which is driven by the module 14. During 

the Read In mode the module 14 counter counts the shift regis-
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clock pulses and generates a signal on pin 74 to indicate 

n 14 bits of data have beEn inserted in the register. The 

Modulo 32 counter counts the number of outputs from the module 

14 counter to determine when the full 448 bits of data have been 

st~red in the memory. 1iIThen a negative transition appears on 

Pih 76 the read in operation is complete. 

Card A21A is also used to control the loading of 

Partial Scan frequency limits into the Partial Scan shift 

ister. The 36 bit serial word representing the Partial 

n limits appear on the same two lines used for the memory 

data when a IlPartial Scan Input Modell command is received on 

pin 16. When the data appears on pins 40 and 28 the 36 shift 

p Ises produced are routed to the Partial Scan register via 

These pulses are also counted as in the memory load 

o eration and a signal generated on pin 72 indicates when 

3 shift pulses have been forwarded to the Partial Scan regis-

t 

1 

This signal sets flip-flop Ml5 to provide a I'blocklf 

to M20, preventing any noise which may occur on the data 

after the 36 valid bits are completed from causing extra 

pulses. This block level is also produced at the com

p etion of the memory load operation by a signal at pin 78. 

The input data lines are connected to the input of 

a 14 bit shift register on pins 69 and 67 of AlIA in the 

R cognizer. The shift pulses derived from the two data sig-

n Is are applied to AlIA, pin 75. When the signal on A2IA, 
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pin 74 (Data Handler) shows that the first 14 data bits have 

been shifted into the register an 0.5 usec pulse is generated 

on AIOB, pin 66. This pulse triggers the four stage shift 

register counter (M14, 15, 21, 22) used to produce the read/ 

wirte pulses for the memory. During the memory load operation 

a master WRITE and INHIBIT pulse is generated at pins 44 and 

42, respectively, each time the generator is triggered. During 

a memory readout cycle the master READ pulse appears on pin 12 

in addition to the above signals. The '({RITE and READ pulses are 

1 usec duration while the INHIBIT pulses are 2 usec. The master 

INHIBIT pulse is applied to AIIB, pin 14 which connects it to 

14 separate gates used to control whether a ONE or ZERO is 

written into each of the 14 cores at a given address. The 

other inputs to these gates are the 14 stages of the input/out-

put shift register. If a given blocked and no INHIBIT pulse 

will be sent to the memory Z-axis driver for that plane, thus 

allowing a ONE to be written in that core. If A ZERO is stored 

in the register stage the INHIBIT pulse is allowed to pass 

through the gate and to cause a ZERO to be written in the core. 

A memory readout is commanded by a ONE level on 

AIOB, pin 34. The 128 kHz readout shift pulses are applied to 

AIOB, pin 8 and the readout enable signal to AIOB, pin 64. If 

the readout command occurs while the enable signal is present 

no action is taken until it terminates. An RS flip-flop (M4) 

is then set which enables gate M3 and allows the 128 kHz pulses 

~ ,l.';" • '"" " ""' ,< I 

~ ___ -l 
SI:CRET 

SPECIAL HANDLING 
Approved for Release: 2017/08/16 C05099935 

.~ ... '~:'" , ',\.;:-, 

50X1 

50X1 



-----~..,l I Approved for e~e:!s!,< ~O!7/08/16 C05099935 

5 2~OcrcO"'0 -~R"CF5""'0"'0 --- $ PEe I A l WAN g liN G 
Pare 418 

50X1 

I 

to pass through to pin 58. These pulses are applied to A21A, 

pin 4 (Data Handler) and then to the Partial Scan register 

via A21A, pin 10 to shift out the Partial Scan data. These 

pulses are counted in the counter on A2lA and when 36 shift 

pu1ses have been detected flip-flop MIO on AIOB is set to a 

01 by a negative transition on AIOB, pin 16. This signals 

tht completion of the Partial Scan readout and the beginning 

oflthe memory readout. 

When flip-flop MIO on AIOB is set the shift pulses 

on, AIOB, pin 58 are allowed to pass through M19 to pin 36. 
I 

Th$ first fourteen pulses which occur shift out the first 14 bit 

byte vJhich was unloaded from the memory upon receipt of the 

rerdout command. These pulses are counted, and when an indica

ti~n of 14 pulses is received at AIOB, pin 6 a second read/re

st[. re cycle is generated at pins 12, 44 and 42 of AIOB. Those 

co es which contained ONES produce a ground true pulse (via 

th ir sense amplifiers) at pins 5, 15, 19, 33, 47, 51, and 65 

oflAllA and pins 6, 20, 24, 38, 54, 58, and 68 of AIIB. These 

pu ses their respective flip-flops in the shift register to a 
I 

ONE. Those planes containing a ZERO generate no pulse from 

their sense amplifiers, thus leaving the corresponding register 

Thus, the 14 bit byte stored at the st~ges in a ZERO state. 

second address is now stored in the register. This action occurs 

between the 14th and 15th shift pulse gated to the register so 

the 15th pulse immediately begins shifting out the second 

50X1 
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This process is repeated for all 32 bytes stored 

in the memory, each byte being read out of the memory each time 

the counter indicate the previous byte has been shifted out of 

the register. The register output, AIOB, pin 32, is combined 

in gate MIl on AIOB with the output of the Partial Scan regis-

ter (AIOB, pin 22) to provide a single line data output on 

AIOB, pin 18. This signal is passed through a level converting 

interface circuit on A5 (4124-63217) and made available on a 

coaxial connector (A42Jll). 
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The purpose of the addressing logic is to control 

the location in the core memory where specific portions of the 

4~8 bit data word are to be stored. This logic circuitry is 

Idcated on assemblies A9A (4124-63215)~ A9B (4124-63216) and 
! 

I 

A]OA (4124-63201). 

Addressing of the 32 memory locations during both 

the Read In and Read Out modes is controlled by a five stage 

rfpple counter located on AIOA (Ml~ 2~ 3~ 6~ 7, 8). This 

c~unter may be modified logically to step through only 16 states 

b~ control signals at pins 19 and 11 of AIOA. This allows the 

c unter to be used during the Search mode to sequentially 

d termine the 16 memory addresses containing the upper and 

Idlwer frequency limits of the eight parameter sets. 
I 

Before Read In mode of operation is commanded the 

c unter is set to the all ONE state by a 31.25 kHz clock 

a plied to AIOA, pin 73. When the read in cycle begins, a 

II hange address!! signal is generated at AIOA~ pin 21 approxi
! 

mately 0.5 usec before each memory write operation is performed. 

T e first such signal advances the address counter to the all 

Z RO state, which is decoded by the logic gates located on AIOA 
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to provide the address information. For each state of the 

counter four output gates are enabled, one each for an X-axis 

driver and switch and Y-axis driver and switch. The master 

limrI'E pulse is applied to AIOA, pin 63 and pas se s through the 

four selected output gates to drive the memory current driver 

circuits. The counter continues to advance just prior to the 

occurrence of each subsequent master limITE pulse until the 

memory load operation is complete. The counter is employed 

in exactly the same manner for the memory readout operation. 

During the search mode, since all eight sets of 

frequency limits are readout of the memory for each Change 

Frequency Command received, the addressing of each sixteen 

locations is sequential and may be determined by use of the 

same address counter. During the frequency comparison opera-

tion AIOA, pin 19 is set to a ONE and AIOA, pin 11 to a ZERO. 

This causes the counter to function as a 16 state device whose 

states define the 16 frequency limit locations in the memory. 

rr'he "change address" pulses used to advance the counter in this 

mode are generated by the Programmer. 

The addressing of the 16 locations containing the 

limits of pulse width and pulse repetition interval (PRI) are 

not addressed in a sequential manner. For example, during 

pulse width comparison only those pulse width limits of sets 

which provided a favorable frequency comparison are read out 

of the memory. Similarly, only those sets having favorable 
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put~e width comparison have their PR1 limits readout for com

patlson with the input PR1 code. This technique is used to 

reduce the time required to process a given S1 signal. The 

addressing of these memory locations is accomplished by using 

the 3-bit set identification (Set 1D) code associated with 

each of the 8 sets to determine the pulse width and PR1 addresses. 

I 
During the frequency comparison mode, each time a 

fat' orable comparison is obtained a pulse is genera ted in the 

Prj grammer and applied to A9A, pin 16. This pulse samples the 

3 ~it Set 1D code located in the Storage Buffer and loads it 

idto 3 RS flip-flops located on A9A. The trailing edge of the 

p~lse advances a two stage counter (M4, 5) on A9B to enable a 

selcond set of 3 gates. Any subsequent favorable comparisons 

cajuse the set 1D of the associated set to be stored in a second 

gjoup of RS flip-flops, up to a maximum of 4 codes. When the 

p lse width comparison mode is entered these stored codes cause 

t10se pulse width locations to be selected which correspond to 

the sets which gave favorable frequency results. This is 

complished by applying the I1change address!! pulse generated 

i1 the Programmer to A9B, pin 4 where it transfers each 3 bit 

cdde from its buffer to the output of a common 3 bit buffer. 
j 

Tle outputs of this buffer (pins 17, 47, and 69 of A9A) are 

a~plied to A10A where the determine the proper address. Com

pirison of pulse width limits then proceeds, with the outputs 

o the common buffer stored in another group of flip-flops each 
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time a favorable pulse width comparison is obtained. These 

stored codes then provide the PRI addresses to be interrogated 

during the PRI comparison mode. 
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4.7.3.3 storage Buffer and Comparison Logic 

The storage buffer consists of 14 RS flip-flops 

which are employed as a temporary storage for data read out of 

t1e memory. The comparison logic compares the binary number in 

t1e storage buffer (parameter limits) with the binary number 

rJpresenting the actual frequency, pulse width, or PRI to de-
I 

t~rmine if the actual parameter lies within the stored limits. 

T~is circuitry is located on assemblies A8A (4124-63213) and 

AffiB (4124-63214). 

When a memory address is read out, those planes 

containing a one will produce a positive true pulse on pins 

7 1 9, 39, 55, 61, 67 and 73 of A8A and pins 38, 44, 50, 56, 64 

and 76 of A8B. These pulses are each gated with the master 

AD pulse (A8B, pin 4) to set a ONE into their respective RS 

flip-flops. The stored number is then ready for use by the 

c~mparison logic. 
I 

The comparison logic is implemented by using a 

s btractor circuit in which only the Ifborrow lf output is 

ilized. The subtractor consists of 14 stages in cascade, 

It ere 

performing the following Boolean expression: 

Bn = Xn Bn-l + Yn Xn + Yn Bn-l 

Bn = borrow output of the nth stage 

Xn = nth digit of minuend 

Yn = nth digit of subtrahend 

Bn-l = borrow output of the (n-l)th stage 
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The number "X" is the parameter limit stored in the storage 

buffer, while the number tlyt' is the actual frequency, pulse 

width, or PRI being compared with stored limits. If a logical 

level occurs of the output of the most significant stage this 

signifies that the subtrahend (y) is greater than minuend (X). 

If logic 0 results then the subtrahend is less than or equal 

to the minuend. 

Since the different parameter limits are repre-

sented by different numbers of bits, the comparison logic must 

be segmented when comparing pulse width and PRI. This is 

accomplished using logic levels from the programmer which in-

dicate which parameters are being compared at a given time. 

These levels section the logic into two 4-bit comparators for 

pulse width and two 7 bit comparators for PRI comparison. Three 

outputs are provided on pins 34 and 60 of ASB and pin 77 of ASA. 

These outputs are sampled by the decision logic 2 usec after 

each master READ pulse to determine if a "favorable comparison" 

has been aChieved. 
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4·r· 3.4 Parameter Control 

The parameter control uses logic levels from the 

grammer to gate frequency, pulse width and PRI data to the 

rteen inputs of the comparison logic. The logic required 

oc~upies most of the A4-B card. 
, 

The frequency code is available from the LO counter 

as logic levels. These nine bits of frequency data need only to 

be gated to the comparison logic by a logic level (A4-68) that 
I 

be~ins at state 1 of the frequency mode (Figure 4.7-2) and ends 

atl state 4 of the pulse width mode, Figure 4.7-3 . 

The pulse width data, located in the pulse width 

enboder, is gated to the comparison logic by a logic level 

-40) that begins at state 4 of the pulse width mode and ends 

state 5 of the PRI mode, Figure 4.7-4 Since both upper 

lower limits are compared simultaneously, each of the four 

the pulse width data must be gated into two of the com-

parison logic inputs. 

Since the PRI data from the PRI encoder of the data 

hapdler is available in pulse form only, it must be stored in 
I 

rs flip-flops for the comparison logic. These buffers are 

cleared during State 4 of the frequency mode (A4-58) and set by 

a ground true pulse 19.5 to 24.0 microseconds after a favorable 
i 

SIi. The data is held in the buffers until the next S1 pulse is 

eticoded by the recognizer. Since both upper and lower limits of 

tbJe PRI are compared simultaneously, each bit of the seven bit 
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PRII is gated into two of the 

lev~l (A4-46) that begins at 

comparison logic inputs by a logic 

state 5 of the PRI mode and ends 

with a new CFC or state 4 of the pulse width mode. 
I 

Table shows the pin numbers of the outputs of 

the: parameter control (to the comparison logic) and the cor

reslPOnding input pin numbers that will be gated to the compari

son logic during each mode. The dashes in the frequency and 

pu]se width columns are gated to the comparison logic as logical 

ze~os. The most significant bit (MSB) is noted in each column. 

4.1. 3 . 5 Pulse Width Encoder 

I The pulse width encoder is used to determine the 

puise width of the ungated SI from the SI generator. 

i 
The pulse width encoder (located on A4-B) consists 

ofla four bit ripple counter, with a four megahertz clock 

(A~-78) enabled by the ungated SI (A4-5l) and a control signal 

fr m the prograrrmer (A4-76). The signal from the programmer 

en:bles the encoder when state 2 of the pulse width mode, 

Figure 4.7 - 3, is entered, the data handler is not processing, 

anf no ungated SI pulse is present. 

I Since a four megahertz clock is used as the input 

tol the counter, as long as the enables and ungated SI are pre

seht the counter will step one count every 250 nanoseconds. 
i 

The maximum pulse width that can be measured is 3.75 microseconds. 

Atl this point the counter is full and the input clock is dis-
I 

ablled. 
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OUTPUTS TO 
COMPARISON 

LOGIC 

A4-16 (MSB) 

AL~-22 

A4-28 

A4-38 

A4-48 

A4-50 

A4-62 

A4-20 

A4-26 

A4-32 

A4-34 

A4-42 

A4-54 

A4-56 
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A4-14 (lVISB) 

A4-10 

A4-4 

A4-6 

A4-70 

A4-66 

A4-64 

A4-12 

A4-8 

PULSE ~HDTH 

z8-6 (MSB 

Z7-6 

z6-6 

Z5-6 

z8-6 (MSB) 

Z7-6 

z6-6 

Z5-6 

TABLE DATA TO COlVIPARISON LOGIC 
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PRI 

A4-18 (MSB 

A4-24 

A4-30 

A4-36 

A4-44 

A4-52 

A4-60 

A4-18 (MSB) 

A4-24 

A4-30 

A4-36 

A4-44 

A4-52 

A4-60 
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The outputs of the four flip-flops of the encoder 

(2 -6, 25-6, 27-6 and 28-6 on A4-b) go to the inputs of the 

parameter control logic on the same card. 

flfbPS until 

mo e. 

4. .3.6 

The pulse width information is stored in the flip-

the programmer returns to state 1 of the pulse width 

Inhibit Logic 

The inhibit logic stores the confirm signals as-

iated with an SI and issues an inhibit signal to the pro-

mmer if all the necessary confirms were not present. 

The inhibit logic, located on Al-B and A3-B, con-

sists of four JK flip-flops used to store the real confirm 

(A -76), amplitude confirm (A4-74), minimum pulse width con

firm (A4-72), and frequency confirm (A4-64) and two RS flip

flops used to store the select confirm (Al-30) and pri available 

The real, amplitude, minimum pulse width and fre-

q confirm flip-flops are enabled when the programmer is 

i state 2 of the pulse width mode, Figure 4.7-3, the data 

is not processing, and the ungated SI is a logical zero 

level. 

When an ungated SI pulse appears, all confirm 

p that occur before state 4 of the pulse width mode are 

s ored in their respective flip-flop. The inhibit signal 

( 1-44) will inhibit the processing of the SI unless the real 
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confirm, amplitude confirm, minimum interval confirm or the fre-

quency confirm or the frequency confirm disable (Al-48) have 

been received when the programmer enters state 4 of the pulse 

width mode. 

The select confirm buffer is reset by the same 

signal that enables the JK flip-flops. The buffer is set if a 

select confirm pulse occurs before state 4 of the PR1 mode and 

the data handler has not started processing another S1. The 

output of the buffer (A4-26) is used by the programmer during 

the PR1 mode. 

The PR1 available pulse occurs 2.5 microseconds 

after the select confirm pulse and sets the PR1 available buffer. 

The output of the PR1 available buffer (Z22-8 on A3-B) is used 

by the PR1 mode control of the programmer. 

Decision Logic 

The decision logic consists of the logic on AZ-B 

required to determine from the comparison logic outputs if a 

comparison was within the limits, and logic on A8-A to block 

the favorable comparison when the set under comparison is dis-

abled. 

The decision logic receives levels from the program-

mer to determine which limits are being compared. The enable 

for the frequency comparison mode (Pin A2-52) begins in State 

1 of the frequency mode, Figure 4.7-2 , and lasts until State L} 

of the pulse width mode, Figure 4.7-3 . The enable for the 
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p~lse width mode (Pin A2-48) begins in state 4 of the pulse 

width mode and lasts until state 5 of the PRI mode, Figure 

The enable for the PRI mode begins in state 5 of the PRI mode 

and lasts until state 1 of the frequency mode. 

In the frequency mode, a separate comparison is 
I 

m1de for the upper and lower limits. For a favorable compari-

I 

s6n for a particular set, output A of the comparison logic 

(~2-50) must be a logical one during the low limit comparison, 

a~d a logical zero during the upper limit comparison. An RS 

f+ip-flop is used to remember if the lower limit is favorable. 

T~e flip-flop is set during state 4 of the frequency mode 

(A2-42) if output A of the comparison logic is a logical one 

on A2 is a logical zero, indicating low limit com-

p rison. A one microsecond favorable comparison pulse is 

i sued during state 4 of the frequency mode if output A of the 

cbmparison logic is a zero level and zlo-6 on A2 is a logical 

indicating upper limit comparison. 

In the pulse width mode, a one microsecond favor-

comparison pulse is issued during state 7 of the pulse 

mode (A2-44) if outputs A and B (A2-32) of the comparison 

ogic are a one and zero logic level respectively. In the PRI 

ode, a one microsecond favorable comparison pulse is issued 

uring state 10 of the PRI mode (A2-46) if outputs A and C 
I 

(iA2-38) of the comparison logic are a one and zero logic level 

spectively. 

~ 
~-----
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During the comparison of the upper frequency limit 

the set ID of the set being compared is in the storage buffer 

(A8-5 MSB, A8-11 and A8-37). Each set is decoded and logically 

anded with its set disable from the relay interface logic so 

that if a favorable comparison occurs in a set that is disabled, 

the favorable comparison pulse to the addressing logic and pro-

grammer will be blocked. 

Programmer 

The programmer may be broken down into four se-

quential netw0rks and comparison counters. The first sequential 

network, the turn on control, is used during power turn on and 

to enable the other sequential networks. Each of the other se-

quential networks is used to control the comparison of a para-

meter. 'These networks are referred to as the frequency compari-

son control, pulse width comparison control, and the PRI com-

parison control. These networks use a IMHz clock and may 

change states once each microsecond. In some cases the se-

quential network will continue to return to the same state, thus 

remaining in a given state for any. length of time. 

The turn on control is a sequential network used 

to set the programmer logic to its initial state, then turn on 

the memory power. The remaining function of the turn on control 

is to sense the RI on and recognizer read in/read out commands. 

The state diagram for the turn on control is shown in Figur"e 

~
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The programmer is set to its initial state by a 

circuit consisting of a 39 microfarad capacitor across the in-

put of a nand gate with a charging path from the recognizer 

power through a 750 ohm resister. A resister to ground is also 

provided for a discharge path when the power to the recognizer 

is turned on, a ten millisecond pulse is issued from the nand 

gate (Al-31) that sets all sequential networks to the initial 

states. 

Once the ten millisecond pulse is removed, the turn 

on control will enter State 2. The next trailing edge of the 

30.5 Hertz clock (A12-32) will issue a 35 millisecond pulse 

(Al-3) that will turn the memory power relay on. 

After one microsecond in State 2, the network will 

enter State 3 and wait until a command is received from the 

data handler. 

The state that follows State 3 will be State 5 if 

the RI on command (Al-73) is issued. State 5 (AI063) is used 

to enable the other sequential networks in the programmer and 

the record mode control. Once the RI on command goes off, 

State 3 will be re-entered. 

When the read in (SS- Pin Al-77) command is issued, 

the network will enter State 4. When the read out (RO- Pin 

Al-71) command is issued, the network will enter State 6. 

State 3 is re-entered when no command is present. 
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The comparison counters consist of a five bit 

!!Tally Counter!! used to count the number of comparisons made 

in each of the parameter comparison modes, and two three-bit 

counters used to count the number of favorable comparisons 'in 

the frequency and pulse width modes. 

The tally counter is stepped each time state 2 of 

t~e frequency mode, Figure 4.7-2 (A2-77), State 5 of the pulse 

W~dth mode, Figure 4.7-3 (A2-73) or state 8 of the PRI mode, 

F~gUre 4.7-4 (A2-75) is entered. Once the counter is full, a 

IljallY = N!! level (A2-66) is issued to the sequential networks. 

B,fore the frequency data is compared, State 1 of the frequency 

mode (E6 on A2-B) sets the tally counter such that sixteen 

p~lses are required before the Tally = N level is issued. 

state 4 of pulse width mode is used to set the tally counter 

(A2-12) so that it will take the nu~ber of steps to the tally 

clunter to issue Tally = N as is stored in the favorable fre

qrency comparison counter. State 5 of the PRI mode is used to 

s~t the Tally counter (A2-12) so that it will take the number 

of steps to the tally counter to issue Tally = N as is stored 

if the favorable pulse width comparison counter. 

The favorable frequency comparison counter is 
I 

epabled from State 1 of the frequency mode until State 4 of the 

pklse width mode (A2-52) to count the number of favorable com

pkrisons (A2-30) during the frequency comparison mode. A 

S~gnal (A2-18) is used to indicate that no favorable comparisons 

fl 
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have been counted. This counter is reset during State I of the 

frequency mode (E6 on A2-B). 

The favorable pulse vITidth comparison counter is 

enabled from State 4 of the pulse width mode until State 5 of 

the PRI mode (A2-48) to count the number of favorable compari

sons (A2-30) during the pulse ItJidth comparison mode. A signal 

(A2-20) is used to indicate that no favorable comparisons have 

been counted. This counter is reset during State 2 of the 

pulse width mode (A2-26). 

The frequency comparison control of the programmer 

is a sequential network used to control the frequency comparison 

and the logic used to issue commands to the addressing and in-

put/output control logic. The state diagram in F'igure 4.7-2 is 

used to describe the sequential operations in the frequency 

mode. 

The frequency comparison control network is set 

directly to State I at power turn on by a pulse (A2-17) from 

the turn on control, and remains there until an enable signal 

(A2-71) is received from the turn on control and a CF'C (A2-63) 

is received from the data handler. The CF'C sets an RS flip-flop, 

used to remember if a CF'C has occurred. 

All memory instructions issued by the programmer 

to the input/output control logic and addressing logic during 

comparisons are shown in F'igure 4.7-6. The logic necessary to 

issue these instructions are included in the frequency mode 
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control. The change of address (A2-23) is a .5 microsecond 

pulse issued during state lA of the frequency mode, State 4A 

of the pulse width mode and State 7 of the PHI mode. This 

pulse is generated by logically anded with the lMHz clock with 

the states mentioned above. The read pulse (A2-57) is issued 

during State 2 of the frequency mode, State 5 of the pulse width 

mode, State 8 of the PHI mode and State 2 of the record mode. 

The inhibit pulse (A2-25) is issued by setting an HS flip-flop 

during State 3 of the frequency mode, State 6 of the pulse 

width mode, State 9 of the PHI mode and State 4 of the record 

mode. The HS flip-flop is reset by States lA or 5 of the fre

quency mode, States 4A, 8 or 9 of the pulse width mode, States 

7, 11 or 14 of the PHI mode and States 6 or 7 of the record 

mode. The write pulse (A12-41) is generated from the inhibit 

pulse by enabling a JK flip-flop to toggle on the 1 MHz clock 

(A12- 4 5) . 

State lA follows State 1, and during this micro-

second, the change of address is issued and the inhibit flip-

flop is reset. During the next microsecond, the State 2, the 

read pulse will be issued and the tally counter will be stepped 

one count. State 3 follows State 2, and during this microsecond, 

the inhibit flip-flop is set. During State 4 the decision 

logic is strobed (A2-33) allowing the comparison result to be 

stored. 

"---------~ 1··1' 
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From state 4, the sequential network will return to 

stlte lA if the tally=N signal from the tally counter (A2-53) 

has not been issued. If Tally = N has been issued, state 5 will 

follow state 4. The inhibit flip-flop is reset during the -micro

second in state 5. state 6 follows state 5, and during state 6 
I 

th~ CFC buffer (RS flip-flop) is reset, thus the output of the 
i 

buffer (A2-65) 

CFF occurs. 

will remain in the reset state until another 

I state 1 will follow state 6 if the favorable fre-

qUFncy comparison counter shows there have been no favorable 

co~parisons (A2-55). If one or more have been recorded, 

St~te 7 will be entered. During state 7 the pulse width com-

pa1rison control is enabled. state 1 will be entered after 

state 7, after a reset for the next CFC (A2-2l) is received. 
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The Pulse Width Comparison Control consists of a 

sequential network with the state diagram in Figure 

and the logic needed to select an SI for a comparison. 

The Pulse Width Comparison Control is set to 

state 1 at power turn on, and remains there until the enable 

(A3-7) from the Frequency Comparison Control is received. 

State 2 is entered after the enable is received, and a pulse 

(A3-3) is sent to the Tally Counter to load the number of com-

parisons to be made in the pulse width mode. The enable from 

the Turn On Control (A3-l9) and the CFC buffer (A3-2l) must 

indicate that the RI On command is on and no CFC has occurred 

since the buffer was reset before State 3 will follow State 

2. Otherwise, State 12 will follow State 2. 

An RS flip-flop is used to determine when the 

pulse width of'the Ungated SI will be encoded and the compari

sons made. This flip-flop is held reset while the Pulse Width 

Comparison Control is in State 1 (Al-7), and is set when no 

pulse is on the Ungated SI line (Al-19) and the Data Handler 

is not processing (Al-15). The output of this flip-flop (AI-II) 

is used to enable the Pulse Width Encoder and Inhibit Logic. 

State 2 will follow State 3 until an Ungated 

SI rises and either falls or the pulse width encoder indicates 

the maximum pulse width is recorded (3-15); then State 4 

will follow State 3. State 4A will follow State 4 if 

all the necessary confirms were met (A3-ll); if not, the 
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nftwork will return to State 1. 

The memory pulses (shown in Figure 4.7-6 ) are 

irsued by the Frequency Comparison Control for all the param

eter controls. The Change of Address is issued during State 

rA , followed by the read pulse in State 5. The Inhibit 

filip-flop is set by State 6 and reset by the state following 

State 7. 

The state following State 7 is State 8 if the 

comparison was favorable (A3-65) and the Mode Select Bit 

(IA3-13) was a logical zero. State 7 will be followed by 

~tate 4A for a non-favorable comparison and Tally N or a 
! 

favorable comparison, Tally N, and Mode Select Bit is a 

10gical one. State 7 will be followed by State 9 for a 

don-favorable comparison and Tally =N or a favorable compari-
I 

~on, Tally =N, and M0

8

de Select Bit is a logical one. 

I State will be followed by State 13 if the 

~nable from the Turn On Control is present and no CFC has been 

~eceived since the system was reset. If either condition does 

not exist, State 12 will be entered. State 13 enables the 

~ecord Mode Control (A3-57), and remains in State 13 until a 

teset for CFC is received (A3-29) to send the network to State 

112 . 
State 9 is followed by State 10. State 11 

follows State 10 if the Favorable Pulse Width Counter indt-

¢ates one or more favorable comparisons (A3-49). If no 
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favorable comparisons were recorded, state 1 is entered. 

state 11 enables the PRI Comparison Control 

(A3-45). The network remains in state 11 until a reset for 

a new CFC is received causing the network to enter state 12, 

or a reset for new SI pulse is received (A3-43) causing the 

network to enter State 1. 

state 12 issues a reset to process a new CFC to 

the Frequency Comparison Control; then state 12A is entered 

followed by state 1. 

The PRI Comparison Control consists of a sequen-

tial network with the state diagram shown in Figure 4.7-4. 

The network is set to state 1 by the Turn On Control (A3-24) 

at power turn on and remains in State 1 until the enable 

(A3-64) is received from the Pulse Width Comparison Control. 

State 1 is followed by State 2 J then State 3. 

The network will remain in State 3 until a Timer Thru pulse 

is received from the Timer logic. Once the Timer Thru is re-

ceived, State 4 is entered. If the Select Confirm buffer is 

set (A3-72), State 5 will be entered. If the buffer is not 

set, State 14 is entered. 

State 6 follows State 5, and the logic remains 

in State 6 until the PRI Available buffer is set. Once the 

PRI Available has occurred, State 7 is entered. The Change 

of Address pulse (memory pulses shown in Figure 4.7-6 ) is 

issued during State 7, followed by the Read pulse issued in 

~
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slate 
I 

8 . State 9 follows State 8, and is used to set 

the Inhibit flip-flop. State 10 follows State 9. 

State 11 is entered after State 10 if a favor-

able comparison is received (A3-4). If no favorable comparison 

il received and Tally =N, then State 14 is entered. If no 
I 

favorable comparison is received and Tally N, State 7 is 

eftered. The state ~ollowing state 10 resets the Inhibit 

f~ip-flop. 

I The enable from the Turn On Control (A3-22) and 

t~e CFC buffer (A3-20) are checked to see that RI On is still 

on and no CFC has been received since the buffer was reset. 

II these conditions still exist, State 12 is entered. If 

trey do not exist, State 13 is entered. 

State 12 enables the Record Mode Control, and 

until a reset for the next CFC trelOgiC stays in State 12 

i/S received. Once the reset is received, State 13 is 

entered. A reset for another CFC is issued (A3-66) during 
i 

State 13. State 15 follows State 13. 

A reset for a new SI is issued (A3-68) during 
: 

State 14 J and the number of pulse width comparisons is re-

~et into the Tally Counter. State 14 is followed by State 

15 , then State 1. 

Three RS flip-flops are used to indicate the com

larison mode of the Programmer. The flip-flop indicating the 

1reQuency comparison mode (M2) is set during State 1 of the 
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frequency mode (AS-16) and reset by the same signals that set 

the pulse width comparison mode (M3) and the PRI comparison 

mode (M4)' M3 (AS-20) is set during State 4 of the pulse 

width mode (AS-26) and State 2 of the record mode (AS-24). 

M3 is reset by same signals that set the other two modes. M4 

(AS-32) is set during State 5 of the PRI mode (AS-10) and is 

reset by same signals used to set the other two modes. 

Record Mode Control 

The Record Mode Control is a sequential network 

that controls the record time once a match has been obtained. 

A 1 MHz signal (A4-3) is used as the clock for the network; 

thus the network remains in each state one microsecond, unless 

conditions are such that the network should stay in its pres

ent state. See Figure 4.7-7. 

The Record Mode Control is set to State 1 at 

power turn on by a pulse from the Turn On Control (A4-5). The 

network remains in State 1 until a Record Mode Enable is re-

ceived during State 13 of the pulse width mode (Figure 

4.7-3 ) (A4-71) or State 1 of the PRI mode (Figure 4.7-4) 

(A4-73) . 

Once the record mode is enabled, State 2 is 

entered. During State 2, the M2 flip-flop of the Programmer 

is set (A4-61). State 3 is entered after State 2, and 

during State 3, a 40 millisecond one shot is triggered and a 

Read pulse issued. Following State 3, State 4 is entered, 
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and the Inhibit flip-flop is set. state 5 follows State 4 

and the Output Mode code (A4-33, A4-35, and A4-37) are stored 

in RS flip-flops. 

State 6 follows State 5 if the DSU is avail-

able and the CFC buffer has not been set since the frequency 

mode. If one of these conditions does not exist, State 7 

will follow State h 
J • 

The 40 millisecond one shot triggered in State 3 

is logically ended with State 6 for the DSU Request signal 

(A4-9). Also in State 6 a Start Timer (A4-ll), Record (A4-7), 

and Block CFC (A12-1S) signals are issued. The logic remains 

in State 6 until a Timer Thru signal is received from the 

Timer or the enable from the Turn On Control is removed "W"hen 

the RI On command is removed. State 9 is entered when either 

condition occurs. 

If the Output Mode Code is 001, 010, or 011, 

State 9 "W"ill follow State 7; ho"W"ever, if the Output Mode 

Code is 100, 101, or 110, State S is entered. During State 

S , a Block CFCand Start Timer are issued. The logic will 

remain in State S until either the DSU becomes available and 

State 11 is entered or a CFC is received or Timer Thru is 

received or RI On command is removed, and State 9 is entered. 

During State 11 a Timer Reset pulse is issued; then State 6 

is entered. 

During State 9, a reset for the next CFC (A4-75) 
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is issued. state 9 is followed by State 10, then State 1 

The Record Mode Control sends the time to be re-

~orded to the Timer during States 6 and 8. The record 

~ime in state 6 is determined by decoding the Output Mode 

bode as shown in Table 4 7-1 and providing a pulse to the 

~imer dUr~ng State 6. ;or th: time that was decoded. During 

rtate 8 a pulse (A4- ) sets the Timer for a 60-second "wait" 

!;... ,L,lme. 

TABLE 4.7-1. RECORD TIME 

Mode Select 
Code Time Location 

001 2 Sec. 

010 4 Sec. 
100 

011 8 Sec. 
100 

110 300 Sec. 
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The Timer is used to measure the period of time 

during a record operation and determine the interval since an 

Ungated SI occurred. 

The Timer logic consists of a twelve-bit ripple 

counter and logic required to control the counter. The "Reset 
,..-i-

Timer" (Al-7S) level hold the counter reset except during use. 

This reset is removed (1) during the period from State 2 of 

the pulse width mode (Figure 4.7-3 ) until State S of the 

pulse width mode or State 5 of the PRI mode (Figure 4.7-4) 

and (2) during all states of the record mode (Figure 4.7-7) 

except states 1 and 11 The clock to the Timer (Al-1S) is 

1 MHz during the first period mentioned above) and S Hz during 

the second. 

The timing is initiated by the "Start Timer" 
• 

pulse (Al-4) that is generated when the Ungated 81 pulse width 

is encoded and during States 6 and S of the record mode. 

Follow~ng the Start Timer pulse, a .5 microsecond strobe pulse 

is generated to set the time in the counter. When the counter 

reaches the all logical ones state, the input clock is blocked 

and a "timer Thrun pulse (Al-3S) is generated. 

Threshold Buffer 

The Threshold Buffer is used to store the 

"Amplitude Information" from the Recognizer Threshold section 

of the IF until a match has been obtained; then the information 
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is gated to the Marker Word Register and Control and Predetec-
I 

tqr (Figure 2.1-1). 

I The Threshold Buffer consists of three RS flip-

flops (Outputs on A2-3~ A2-15, and A2-10). The buffer is 

cleared during State 1 of the pulse width mode (Figure 

4~7-3 ) and enabled by a level from the pulse width mode 

(t2-9) that occurs after State 1 of the pulse width mode 

w~en the Data Handler is not processing and no Ungated SI is 

present. 

I The"Ampli tude Information fl (A2-5, A2-7, 

Ak-ll) pulses that occur before State 1 or 4A of the pulse 

and 

wRdth mode are stored in the buffer. The outputs of the buffer 

(L:Plitude Thresholds) are available at the, Marker Word Regis

ter and Control, and if a match is obtained this information 

gated to the Predetector as Set Gains (gating to Predetec

is located in the Data Handler). 
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The interface circuitry is employed to make the 

Recognizer logic compatible with equipment external to the 

Reaper system. These discrete component circuits are located 

on assembly A5 (4124-63217) in the Recognizer. The following 

circuits are included: 

a) Readout Enable Interface (Figure 4.7-8 ) 

When a readout of the Partial Scan and Recog-

nizer memories is commanded by the Command 

Programmer an enable signal is applied to .A5) 

pin 77. This signal has a nominal pulse width 

of 62.5 usec and a peak amplitude between 2.1 

and 6.1 volts. The 100 ohm resistor across 

the input provides a termination of approxi-

mately 93 ohms for the input signal. When 

the input goes to its high voltage level it 

causes Q6 to saturate) providing a low level 

at the output (A5, pin 75). When the input 

returns to its low state the transistor is cut 

off and the output is +4.9 volts. Thus) this 

circuit is a level converter between the Com-

mand Programmer and the Recognizer. 

b) Readout Clock Interface (Figure 4.7-9 

The readout clock used to shift out both the 

Partial Scan and Recognizer memory data is a 
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Figure 4.7-9. Interface Clock 
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128 kHz pulse train having a nominal pulse 

width of 1.0 usec and a peak amplitude between 

2.1 and 6.1 volts. This signal is generated 

by the Command Programmer and applied to A5, 

pin 67. The interface circuit consists of 

two saturating inverters (Q7, Q8) used to con

vert the level of the input clock signal to 

those required by the Recognizer integrated 

circuits. Resistor R15 provides the required 

93 ohm termination for the input signal. 

c) Readout Data Interface (Figure 4.6-10 

The serial NRZ waveform representing the 

Partial Scan and Recognizer memory data is 

applied to A5, pin 17. This network consists 

of a saturating inverter (Q3), followed by a 

double-ended emitter follower (Q4, Q5). The 

input signal from the Recognizer logic, is 

inverted and presented at the output (A5, 

pin 7) as a signal having a peak amplitude 

between 3.6 and 5.9 volts and a source resis-

tance of 93 ohms. 

d) Memory Power Turn-On Relay Driver (Figure4.7-1~ 

This circuit is not an interface with equip-

ment external to the Reaper system but is used 

to sink the drive current necessary to operate 
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a relay. In operation the input (AS, pin 27) 

is held in a low voltage state which keeps Q2 

cut off. When it is desired to turn on memory 

power the input goes high, allowing the current 

through R4 to be applied to the base of Q2, 

causing it to saturate. The collector of Q2 is 

connected through the relay coil to +28 volts. 

e) DSU Request Relay Driver 

This circuit is identical to the relay driver 

described above. The input signal (AS, pin Sl) 

is a positive pulse from the Record Mode Logic 

which occurs each time a Recognizer match has 

been achieved. 

+ 4.9 V 

1.47 K 

lN916A 

2N3499 

- 4.9 

Figure 4.7-11. Relay Driver 
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Power Supply 

Introduction 
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The power supply is a switching-type high-

efficiency power supply using integrated circuits in the con-

trol circuitry and high speed transistor switches for the 

power output stage. The extremely fast turn-on and off times 

of the output devices minimizes switching dissipation which 

allows high operating frequencies with smaller power trans-

formers, and filters. 

The overall power supply block diagram is shown 

in Figure 4.8-1. 

The main power supply provides the following out-

put voltages and their tolerances. 

VOLTAGES TOLERANCE VOLTAGE TOLERANCE 

15 V Floating +0.1 -8.0 V +0.1% -
+15 V 0.1 +6.0 V +0.2% 

+12 V 0.1 -6.0 V +0.2% 

+10.5 V +1.0 5.0 V H.P. +0.0%-4% -
-10.5 V +1.0 -

8.0 V +0.1 5.0 V +0.0%-2.0% -
+25 V +0.5 -5.0 V +2.0%-0.0% 

The main power supply provides power for the Data 

Hindler, Recognizer, IF Unit and RF Unit. 
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The main power supply components are: Control 

Circuit, Driver, High-Level Logic and Power Switches, Recti-

fiers and Filters, and Regulators. The auxiliary power supply 

is essentially the same except that low level logic is used in

stead of high level logic. Current and voltage monitor circuits 

and EMI filters are also associated with both power supplies. 

4.8.2 

4.8.2.1 

Control Circuitry 

Introduction - The control circuitry of the main 

supply is shown in Figure 4.8-2. v'!aveforms are illustrated in 

Figure 4.8-3. 

The square wave generator output A is both inte-

grated and differentiated, producing waveforms Band C, whose 

sum D is a triangular peaked waveform appearing at one input 

to the comparator. The error voltage is applied 

to the other input. When the instantaneous value of waveform 

D passes above the error voltage, the output of the com-

parator changes level and a square wave is produced as in E. 

As the level of the error voltage shifts up or 

down, the leading and trailing edges of the output square wave 

shift about the crossovers of the triangular wave and error 

voltage, varying the duty cycle. The positive and negative 

spikes on waveform D prevent an inoperative condition when the 

error voltage becomes larger or smaller than the peak values 

of the triangular wave alone. 
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ERROR 
AMP 

ERROR 

VOLT 
REG 

TIATOR C 
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~igUre 4.8-2. Control Circuitry Block Diagram 

E, G 

F 

J 

Figure 4.8-3. Control Circuitry Waveforms 
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The inverter circuit produces complementary 

waveforms F and G to drive the flip-flops which produces 

symmetrical waveforms Hand J. The phase difference at the 

corresponding flip-flop outputs is equal to the duty cycle 

produced by the error voltage. The flip-flops are intercon-

nected so that the state of one controls the state of the 

other to prevent a lSO-degree phase ambiguity itJhen DC supply 

power is first applie d. 

4.S.2.2 Square-Wave Generator - The square-wave generator 

is a self-starting symmetrical multivibrator composed of two 

of the gates in a uL 927 quad inverter. The 24 KHz frequency 

is controlled by the equal time-constant pairs of RC networks 

connected to the base of two 1/4 parts of the uL 927. To 

ensure a square-wave output of approximately equal rise and 

fall times the collector of each inverter is also returned to 

the supply voltage by an external resistor and diode. The 

output is taken from the collector of the inverter where sym-

metry is maintained because the charging current from the 

coupling capacitors flows through the external resistor itJhich 

is isolated from the output by a diode. 

4.S.2.3 Integrator - The integrator is an integrating 

amplifier customarily referred to as a Miller integrator. 

The amplifier is biased Class-A and is direct coupled between 

the oscillator and comparator. The collector voltage 

is Zener regulated. The voltage driving the Zener is also 

regulated. 
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41.8.2.4 Differentiator - The differentiator circuit con-

sists of a series capacitor and resistor with another resis-

tor introduced at the output of the integrator. Current 

summing of the integrator and differentiated waves produces 

triangular peaked waveform at the input to the comparator. 

his waveform is directly coupled to one input of the com-

the controlling error voltage is introduced into 

Comparator - The comparator is a uA702A analog 

"ntegrated element operating without feedback. The opera-

ional amplifier is biased with two positive voltages of +10 

nd +3.6 V. Since the triangular waveform is DC coupled, the 

ias level of the integrator is adjusted for the best operat-

ng level. A square wave of controlled duration is taken 

rom pin 8 • 

• 8.2.6 Inverter - The inverter is two t parts of the 

L 927 connected as a cascaded pair of saturating amplifiers 

etween the comparator and the flip-flops. They serve to 

rovide complementary inputs to the flip-flops and thereby 

reserve the duty cycle information in the form of phase 

ifference between the two symmetrical square waveforms of 

he flip-flops. 

.8.2.7 Flip-Flops - Two uL 948 J-K flip-flop elements 

ivide the two complementary pulses by two, providing comple-

entary, symmetrical outputs displaced from each other in time 
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by the width of the comparator output pulse. To 

prevent ISO-degree phase ambiguity when DC power is first 

applied, the flip-flops are interconnected so that the state 

of one controls the state of the other. Pin 11 of one is 

connected to pins 4 and 9 of the other. Complementary outputs 

are obtained from pins 9 and 6 of each flip-flop. 

4.S.3 Driver Circuitry 

The driver circuitry is a high current-gain cir-

cuit used to supply the drive for the driver transformers 

which in turn drive the high level logic circuitry and switch-

ing power amplifiers. It features push-pull operation with 

each driver conducting for ISO degrees. The driver transformer 

operates in square wave operation. Two identical sections of 

driver circuitry are ~8ed to handle the phasing req~ired for 

t~le high level logic. See Figure 4. S. 4. 

DRIVER 

T1 
lit CJl 

Jl 
.. DRIVER .. CJ2 
.. 
Cn 

Figure 4.S.4. Driver Transformers 
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High-Level Logic Circuitry 

The on-time of the ouptut power switch required 

to maintain constant input power with line voltage variations 

is determined by the control circuitry. This information is 

sfored by the operation of the two flip-flops in two symmetrical 
I 

s~uare waveforms with their phase difference being proportion-

a~ to the on-time of the cycle. These symmetrical square 

can then be easily handled and amplified. At a much 

h"gher power level J the turn-on will be recovered by the high-

vel logic and furnish drive for the output transistor 

p wer switch. See Figure 4.8-5. 

II 

-+-.... ---11· 

.,...-1-.... ---1111 

CD 

I C 

CD 0' 

....... -

Rl 0 

CD 
....... 

PARALLEL 
CKT 

C2 

Figure 4.8-5. High-Level Logic 
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The secondary windings of the driver transformers 

are connected to the high level logic circuits which recover 

the lion-time", determined by the control circuit, and drive 

the output power switches. The power switches are driven in 

push-pull operation and each half of the push pull has paral-

leI power switches in keeping with reliable power dissipation 

tolerances. The diodes on the collectors of the switching 

transistors are for negative spike protection. 

Figure 4.8-6 shows the waveforms in the high level 

c ircui try. 

O--_r---
I 

r- - - r- - - --- -- -I- -- - J2 

o 
+ I 

J I 

I 

-
+ 

o 

o 

o 

Figure 4.8-6. 
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High-Level Logic Waveforms 
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Waveform 5 in figure 4.8-6 provides the turn-off 

pignal at 6 and is generated by combining H2 and J2 in a logical 

OR gate. When either H2 or J2 is negative, 5 is negative; 

otherwise it is zero. The diodes to 5 junction assure that 

pnly a negative-going output will appear at 6. Capacitor 

C2 determines the charge initially removed from the output 

~ransistor base to effect turn-off, and the resistor in paral

Ilel serves as a discharge path for C2 and to provide a direct 

path to the output transistor base to maintain cut-off. 

Waveform 4 in Figure 4.8-6 provides the turn-on 

power at 6 and is generated by adding Jl and Hl linearly. 

During the turn-on time, the diode at 4 junction is forward 

biased and Ql is driven into saturation. A path therefore 

exists to the output transistor base 6 for a turn-on current 

limited by resistor Rl' 

Isolation between the turn-on and .turn-off circuits 

is provided as follows. During the turn-off interval at 4 

from Figure 4.8-6 the diode to the emitter of Ql is either 0 

biased or reverse biased and Ql is held off. During the tUrn-

on interval the diodes at 2 and 1 are reversed biased and 

the signal amplitude at 6 is less than the amplitude at 2 

and 1 so that the diodes are held off. 
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The output stage consists of four power-switching 

transistors transformer coupled to the rectifiers and filter 

circui try. This stage supplies power to 13 loads, ano volt-

age to a reference amplifier for input power regulation. A 

separate winding for the reference voltage is used to provide 

isolation between input and output. The four transistors are 

arranged in pairs in a push-pull configuration and held alter-

nately on and off by positive and negative-going signals from 

the high-level logic circuitry. The output transformer oper-

ates as a linear transformer. The secondaries are center 

tapped and two diodes are used for full wave rectification. 

output filtering uses LC components. Parallel rectification 

is used for the +5-volt to improve effeciency. 

4.8.6 Reference and Error AmElifier 

Voltage regulation for input power is provided by 

the error amplifier and voltage reference. The error amplifier 

is an MC1533F operational amplifier. This unit feeds back an 

error voltage to the uA702A compara.tor to adjust the 

duty cycle of the output square wave from the control circuitry. 

4.8.7 Auxiliary Power Supply 

The auxiliary power supply is also of the switching 

type with high efficiency using integrated circuits in the con-
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trol circuitry. Due to the lower power requirement, the 

logic can be done at low level by the use of two integrators, 

two differentiators and two comparators. The comparators 

serve as the drivers to the output stage and the drivers 

used in the main supply can now serve as the output stage. 

the output transformer operates as a linear transformer. 

~he secondaries are center tapped and two diodes are used 

for full wave rectification. LC filtering is used. The 

luxiliary supplies power to one load and to its own refer

knce amplifier on a separate winding for input power 

regulation 
I 

lontinuous 

and input to output isolation. 

The auxiliary power supply is used to provide 

regulated power to the time encoder, TM circuitry 

~or P/L ON, Partial Scan Buffer and associated relays. 

A block diagram of the auxiliary power supply 

lS shown in Figure 4.8-7_ 
! 
I 

.8.8 Voltage Monitor 

The voltage monitor is made up of colpitts os-

with a transformer-coupled output for isolation 

main line. The detected output varies directly 

line voltage. 
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4.8.9 Current Monitor 

The sensing element for the main supply current 

monitor consists of two parallel strands of #18 (.040 dia.) 

Nichrome wire (0.414 ohm/ft.) 0.57 + 0.005-inch long which 

m asures 0.1 ohm. The auxiliary supply sensing element is 

a 1 ohm wire wound resistor. The voltage drop across this 

s nsing element is amplified by an MC1533F integrated circuit 

o erational amplifier. The primary voltage through a series 

r gulator provides power for the current monitors. 

4 8.10 EMI Filters 

4 8.10.1 EMI Oven Filter - The oven filter is a balanced 

low-pass filter vvith a 12 db/octave slope starting at 200 

c cles with greater than 70-db attenuation at 20 KHz. 

EMI Line Filter - The EMI line filter for the 

supply is a balanced 4-pole critically damped 

B ,tterworth filter and is impedance matched. The EMI line 

the auxiliary is of the same type. 

RFI Filters - All lines in and out of the power 

are RFI filtered. 

4.8.11 Voltage Regulators 

The voltage regulator is a series regulator with 

feedback and with Zener reference comparison for temper-

compensation and voltage control. The reference cir-

c itry consists of a temperature compensated Zener and an 

1,iC1533F operational amplifier integrated circuit. 
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40 mv p-p output ripple to the load. The voltage ripple toler-

ance vs. frequency on the line voltage is also shown. The 

power supply will operate satisfactorily with input-line 

ripple considerably in excess of that specified. 
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supplying power to the recognizer are current limited for 

short circuit protection so that failure in the recognizer 

would not affect the operation of the rest of the system. 

4~8.12 Power Supply Performance 

50X1 

J typical 

Power supply performance is described in a series 

performance graphs. Figure 4.8-8 shows the converter 

vs. source voltage with a total of 2% change from 

volts to 29.3 volts. Figure 4.8-9 shows the converter 

volts source voltage vs. temperature from 

- oOe to +lOOoe. The efficiency liJith temperature varies from 

pproximately 70% at _40 oe to 61.5% at 100oe. 

Figure 4.8-10 is a typical plot of the output 

oltage vs. temperature and source voltage for the auxiliary 

A maximum variation of approximately 3% is 

Figure 4.8-11 shows the variations of a high 

ower output voltage, +5.0 volts, with respect to temperature 

nd source voltage. The variation is less than 2%. Figure 

.8-12 shows a typical regulator performance from -40oe to 

oooe with a variation of less than +0.1% for the +8-volt 

oad. Load changes effect on the voltage are much less than 

.1%. The +8-volt load was varied from 0 to 120% of rated 

oad vvi th less than 1. 0 mv change on the voltage. 

Figure 4.8-13 shows a susceptibility response 

or applied line voltage ripple vs. frequency for a constant 
50X1 
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Figure 4.8-10. Auxiliary Power Supply Output vs Temperat.'lJ'c' 
and Source Voltage 
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The major objectives in the Mechanical Design were 

to provide mechanical integrity~ light weight and ease of test 

and check out. These objectives were achieved by employing a 

modular configuration providing the capability of testing at 

the subassembly level and access for circuit level repair. 

System weight was specified at 234 pounds. A 

weight optimization indicated that to achieve this goal a com

mon base plate must be provided for all subassemblies. To be 

an optimum structure both mechanically and from a weight stand-

point, the material for the base plate was chosen to be aluminum 

honeycomb. Magnesium was used wherever practical to further 

improve on the overall weight budget. 

With the use of magnesium and the aluminum honey-

comb base plate~ total weight for the system was estimated at 

215.05 pounds. Actual weight proved to be pounds. 

Figure 4.9-1 illustrates the assembled system. 

The following paragraphs outline the detailed 

mechanical and packaging design used in the subsystem hardware. 

Common Base Plate and Support Structure 

The common base plate, to which all subassemblies 

attach, is a 1.032-inch thick panel with a l-inch thick alumi-

num honeycomb core of 5059-H39 aluminum foil having a density 

of 5.7 pounds per cubic foot. The core foil is .002 inch 
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IFigure 4.9-1 Complete System - Front View With Absorber 
Removed and Antenna Covers in Place. 
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thick and is perforated to allow air venting. Cell size is 

5/16 inch. The facesheets of the panel are 0.016-inch thick 

7075-T6 alclad aluminum and are bonded to the core using FM-

1000 adhesive film. To attach subassemblies to the panel, 

th~eaded aluminum inserts are potted into the panel using EPON 

828 potting compound, filled with 40% aluminum powder. Inserts 

are provided for two bolt sizes, 10-32 and 8-32. 

To bridge the gap between the honeycomb panel and 

the mounting interface of the complete system an additional 

chknnel structure is used. The structure consists of 0.090-

inCh thick 6061-T6 sheet aluminum bent to form a U channel 3.65 

inChes high with 1.25-inch flanges. The sections of this struc

ture are riveted together and the whole channel structure is 

atrached to the honeycomb panel using a combination of 31 No. 

10. bolts for good tension coupling and Bondmaster }f((77 adhesive 

b9nding for good shear coupling. Figure 4.9-2 shows the combined 
I 

structure. 

4 .!9. 3 Antennas 

Two types of antennas are used in the system horns 

and spinals. The phase horn, of which there are 10 in the system, 

is shown in Figure 4.9-3 and consists of three parts. The re-
I 

CjiVing funnel and wave guide is composed of a single cast alumi-

n~m part. The resonant cavity is a separate casting. The two 

p~rts are bolted together with the antenna stripline and feed 

afsemblY sandwiched between them. The stripline and feed assembly 

i ~ "-------___ ---l 
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is composed of a copper printed circuit on a fiberglass rein-

forced teflon board substrate. The copper-teflon board is en-

closed by aluminum plates on top and bottom and by aluminum 

foil around the sides. The stripline is covered with Humiseal 

lA27 for moisture protection. All exposed aluminum surfaces 

of the antennas are protected by an alodine 1200S chemical 

finish. In addition the surface of the receiving funnel is 

painted white for proper thermal control. The amplitude spiral, 

of which there are two in the system, is shown in Figure 4.9-4. 

4.9.4 IF Section and AID Converter 

The units of the IF Section and the AID Converter 

are of similar packaging design. They include the IF Phase 

Channel, Log IF, Amplitude Ratio, RII Logic, SI Generator, 

Frequency Confirm Predetector, Hybrid and Recognizer Threshold. 

Only one unit, the IF Phase Channel, will be described in detail. 

The general description is valid for the remaining units. 

Figure 4.9-5' shows the IF Phase Channel. It con-

sists of 26 cordwood modules mounted in two rows in a compart-

mental aluminum alloy housing. The compartments of the housing 

act as shielding between modules. The housing has an alodine 

1200S finish on the interior surfaces and a black epoxy finish 

on exterior surfaces. 

The cordwood modules consists of two 0.013-inch 

thick, double-sided, solder-plated, printed-wiring boards with 

components mounted between them. The printed-wiring boards are 

l'----__ -----" 
SECRET 

SPECIAL HANDLING 
Approved for Release: 2017/08/16 C05099935 

50X1 



Approved for 3~e~s.e_: ~0.17 108/16 C05099935 

SPECIAJl H.4.WDlING 
50X1 

FIGURE 4.9-4. SPIRAL ANTENNA 

{To Be Published In Final Report) 

SECRET 
SPECIAL HA.NCLING 

Approved for Release: 2017/08/16 C05099935 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
Approved for ~e~a~e.:, 2..91.7 108/16 C05099935 

SI!ECIAL WA.NDLING 52000-R500 
Page 489 

I 
I 
I 
I 
I 
I 

rl 
Q) 

I ~ 
§ 
..c: 
u 

I Q) 

U2 
cd ..c: 
~ 

I iJ:.; 
H 

IJ\ 

I 
I 

0\ . 
..:::j-

Q) 

I H 
::) 
till 

.rJ 
iJ:.; 

I 
I 
I 
I 
I 
I 
I SEEREf 

SPECIAL HANDLINe 
Approved for Release: 2017/08/16 C05099935 



;.' ........... " ... :7~j." ···l~: J 
~ - {' I . ; 

52000-
pagei490 

Approved for Release: 2017/08/16 C05099935 

S PEe I A r -H' AND biN G 
50X1 

designed with slots and access holes to enable components to be 

replaced with a minimum amount of time and without removing any 

other component. Component parts are supported only by their 

leads except in special cases where additional support is pro-
i 

vided by the application of an RTV potting compound between the 

cotponent and one or both of the printed circuit boards. The 

printed-wiring boards feature plated-through holes and plated 

edges to insure continuity on both sides of the board. Eyelets 
I 

ar4 used on the printed-wiring boards for terminating inter-

co~ecting wires. 

Voltage decoupling components are mounted adjacent 

to; each module on the chassis wall which isolates it from the 

mobule and the other decoupling. The decoupling components are 

mohnted on standoff terminals which are pressed into the chassis 

wa~l. The terminals are hollow to permit connection of the volt-

ag~ wires into the modules from the decoupling without losing 

isolation in the module. All signal sources, either entering 

leaving the phase channel assembly, are shielded from RF inter-
, 

f~rence by the use of gold plated subminiature RF connectors that 

m~et or exceed the requirements of MIL-C-22557. Terminations, 

t1st points, and component adjustments are made accessible from 

01e plane on the top chassis plate. 

I 

After the assembly is electrically checked, the 

cordwood modules are dipped in Humiseal IA27 for environmental 
I 

protection. The chassis is then mounted in one of two common 
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housings containing the major portions of the IF Section. These 

common housing are in turn mounted directly to the honeycomb 

base plate. 

4.9.5 Data Handlers 

Construction of the two Data Handlers is similar 

to the IF Section construction. Figure 4.9-6 shows a Data Hand

ler housing with the top cover removed. Figure 4.9-7 illustrates 

a typical Data Handler card. The housing is composed of alumi-

num alloy plates riveted together to form a ridged container 

closed on all sides except the side that mounts on the honeycomb 

base plate. This side is left open to save weight and to allow 

easier access to signal wires concentrated in the lower part of 

the housing. 

Inside the two Data Handlers are more than 900 inte-

grated circuits of the flat pack design. The integrated circuits 

are parallel-gap soldered to double-sided nickel-clad solder-

plated printed-wiring boards. The boards are mounted in pairs 

on a 0.016-thick aluminum alloy frame. These frames serve a 

dual role of providing a means of heat transfer to the main 

housing and also providing a rugged sliding surface on each edge 

of a board-pair. The sliding surfaces fit into spring clips on 

each side providing a means for removing an individual board from 

the Data Handler for ease in check out of the system and for re-

pair. The spring clips guide the boards into edge-type connectors 

which are interwired by soldered connections. The printed wiring 
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Figure 4.9-7 Data Handler Card 
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boards incorporate many redundant circuits for increased reli-

ability. 

Memories 

A typical memory is illustrated in Figure 4.9-8. 

There are three such memories, the buffer storage, the recog-

nizer memory and the SWI memory. A typical memory consists of 

a housing and a top cover; both are machined from magnesium 

tooling plates. 

Inside the housing, a large printed circuit board 

and a ferrite core stack sandwiched between two smaller printed 

boards are mounted on risers on the bottom. These components 

are separated by stand offs and 4 common stainless steel screws. 

In the top cover, a second large printed circuit 

board is mounted using risers machined into the cover. The top 

cover is not completely removable from the housing because of the 

necessary cable connections between the two parts. It may be 

swung back off the main housing to permit accessability to all 

separate parts. Figure 4.9-9 shows the top cover opened on one 

of the memories. 

The larger printed-wiring boards are approximately 

ll!! X 6 11 and contain driver circuitry for the memory stack. 

The number of such circuits depends on the size of the ferrite 

core stack. The Hecognizer stack consists of 14 planes with 

2048 cores on each plane. The SWI and Buffer storage stacks 

consists of 8 planes of 2048 cores each. There are 64 cores 

SECRET 
SPECIAL ~A~~DlINC 

Approved for Release: 2017/08/16 C05099935 

50X1 



Approved for !3e.!e~s~~ ~O) 7/08/16 C05099935 

SPECIAL HANDLING 

SEC R ET 
speCIAL HAWDllNC 

Approved for Release: 2017/08/16 C05099935 

50X1 

co 
t 

0\ . 

50X1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

~',' . '.' I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Approved for Release: 2017/08/16 C05099935 
";111;; '" 1'\ m;; I 

SPECIAL IIANDLING 

Figure 4.9-9 Memory With Cover Open 

~ SECRET 

52000-R500 50X1 
Page 495 

50X1 

~ SPECIAL HANDLING 
Approved for Release: 2017/0--=8 ___ /1-=-6--=C-=-05=-=0=-::9-=-:99=-=3:..::.5 ____________ ........ 



Approved for Release: 2017/08/16 C05099935 

S P fa C I A b -~" AND LIN G 50X1 

o each plane. Above and below the ferrite stack the smaller 

sIder-plated printed-wiring boards contain flat pack integrated 

c rcuits which are the sense amplifiers. Driver circuits are 

dular in form and are composed of two slotted printed-wiring 

bards spaced approximately 0.5 inches apart. Electrical com-

nents mounted on the inside surface of each board. Individual 

diver circuits can be easily removed without disturbing any of 

t e other circuitry on the large printed-wiring boards. 

The inside and outside surfaces of the housing and 

t p cover are finished with black epoxy paint to optimize re-

of heat from the memory units. 

Local Oscillator 

The local oscillator is composed of three major 

elements. The YIG oscillators, the current drivers 

the D/A converter. The YIG oscillators and current drivers 

housed in a common container. 

The container is composed of an outer shell made 

from a deep drawn magnesium box. Because of the temperature 

sensitivity of the current drivers and YIG oscillators, the 

container is also constructed to be an efficient temperature 

ontrol oven. This is accomplished by bonding a 1/2-inch layer 

f thermally insulating foam around all inner sides of the mag

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

shell. The components are then mounted to a copper base I 
suspended in the container by the use of four nylon stand-
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The YIG oscillators are mounted to the underside 

of the copper plate with a secondary aluminum plate. On the 

top of the copper plate the current drivers are mounted with 

some components attached directly to the plate while others 

are mounted on two printed wiring boards attached to the plate 

on stand-offs. 

In the center of the plate are four heater blankets 

controlled by a porportional temperature controller which main-

tains the temperature of the complete assembly above 120 F at 

all times. This packaging design permits good accessibility 

for test and check out while maintaining the thermal isolation 

of the compounds. Figure 4.9-10 shows the assembly with the 

cover removed. 

The D/A does not require temperature control and 

is packaged in a separate machined aluminum housing. The com-

ponents are attached directly to the housing walls. Figure 4.9-11 

shows this assembly. 

4.9.8 Main 8tripline Assemblies 

There are three main stripline assemblies, the low 

band, the high band and the RF check out stripline. One typical 

assembly is shown in Figure 4.9-12. A typical stripline is made 

of a gold plated copper-clad printed circuit board sandwiched 

between .031 inch thick aluminum skins. The aluminum is finished 

with alodine 12008 and the complete assembly is conformal coated 

with 8cotchcast 208 for protection from the elements. This con

struction yielded good electrical and mechanical stability with 
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FIGURE 4.9-11. D/A ASSEMBLY 

I (To Be Published In Final Report) 
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minimum weight. 

RF System Calibrator 

The RF System Calibrator consists of filters, atten

uators and a low frequency oscillator integrated into a machined 

aluminum housing. Housing construction was chosen to provide 

an effective shielding between components and to insure mechani-

cal stability. Figure 4.9-13 shows one view of the RF System 

calibrator. 

IF Preamplifiers 

The IF Preamplifiers are mounted in close proximity 

to the main striplines and are constructed similar to the IF 

Section, described in paragraph 4.9.4. There are a total of 16 

separate IF preamplified in the system. Figure 4.9-14 shows one 

of the units. 

Power Supply 

The power supply housing consists of four parts, 

each of machined aluminum plate or blank. The four parts are: 

the top cover, the main power supply housing, the auxiliary 

power supply housing and the bottom cover. 

The top cover and two housings are carefully sized 

to produce the optimum thermal characteristics for the unit. 

Heat dissipating components are evenly distributed within the 

separate parts to prevent an extreme buildup of heat at any loca-

tion. Where hot spots cannot be prevented they are kept to a 

minimum by using methods such as intimate contact between com-

ponents and housing as is represented by the power transistors 
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WhiCh are mounted to a machined flange on the top cover. lJ"'he 

co er is then made sufficiently thick so that heat is conducted 
I 

to all parts of the plate with no significant thermal gradient. 

I The parts of the housing fit together with RF gas-

kef interliners for optimum RF shielding. The bottom cover is 

pr~marily a RF shield serving no structural purpose. All power 
I 

lites leave the unit through feed-through filters placed in the 

ho sing walls. This packaging concept provides an efficient unit 
I 

frpm both an RF shielding and a thermal standpoint. 

4.9-15. 

4.9.14 

The power supply housing is illustrated in Figure 

Power Distribution Assembly 

The power distribution assembly is composed of 0.062 

aluminum plates rivited together. One of these plates serves as 

a ihorizontal base upon which 10 main terminal strips are mounted. 
i 

AJ~WO part cover, each part being hinged to a vertical wall, pro-

v des a mounting access surface for the voltage regulator to most 

p rts of the power distribution assembly without being completely 

unit. The verti~al wall also serves as sup-

bulkhead mounted voltage regulating elements. 

4.9-16 shows the power distribution assembly 

with top covers hinged open. 

4J9.15 Relay Assembly 

The relay assembly housing consists of 0.062 thick 

aluminum plate formed into a channel with mounting flanges. The 

I 
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sides of the channel are pierced with slotted holes to provide 

bulkhead mountings for 37 Potter and Brumfield DPDT 2 amp re

lays. The top of the channel is used as a base for four 66-

pin connectors through which power enters and leaves the assem-

bly. On the top of the channel are also mounted four DPDT 10 

amp relays, on a specially designed bracket mounted on top of 

the channel. Vertical terminal boards, approximately 3 inches 

apart within the channel help stiffen the whole assembly. This 

unit presents an extremely high packing density for the relays 

and interwiring. 

Figure 4.9-17 shows the relay assembly. 

4.9.16 TIM Assembly 

Housing for the TIM assembly is made from 0.063 

thick aluminum alloy sheet which is formed into a 5 sided box 

and all edges welded closed and contour ground. A narrow 

channel section of 0.063 thick aluminum alloy sheet forms the 

base plate of the housing. The top cover mounts to the base 

plate using eight anchor nuts. Components are mounted in the 

top cover either directly on the cover or on printed circuit 

boards which are mounted to the cover on standoffs. TIM sig-

nals enter and leave the assembly through five connectors in 

the top of the cover. 

Figure 4.9-18 shows a view of the TIM assembly. 

4.9.17 Mechanical Specifications 

The following are the significant mechanical spec i-

fications of the complete system. 
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Figure 4.9-17 Relay Assembly 
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FIGURE 4.9-18. TIM ASSEMBLY 
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Weight 

To be supplied at a later date. 

Center of Gravity 

To be supplied at a later date. 

Mounting Interface 

50X1 

The system mounts to the primary support structure 

8 type Ls8758-5-t bolts. The mounting surface is flat to 

.010 inches. The bolt pattern is as specified in the 

specification AA1654-3. 

ljj.lO Thermal Design 

~ .10 0 .1 Introduction 

Thermal design of the system required that heat re-

addition be obtained by radiation coupling to the 

urrounding structure of the auxiliary rack. This requirement 

Jas predicated by the location of the system within the vehicle 

auxiliary rack and the electrical requirements for a low density, 

low conductivity RF barrier on the earth side of the system. 

The temperature of any part of the system is there

eore dependent upon an energy balance with the supporting struc-

'ure immediately surrounding that part of the system. This tem-

erature is modified to some extent by conduction into and across 

he base plate of the system. Temperature is also modified by 

he exterior surfaces of the system which are not radiatively 

~oupled to the auxiliary rack structure or which do not require 
i 
I 

~he low density, low conductivity barrier such as the outer 
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Reliability conditions require that the resulting 

thermal characteristics of the system be such that the average 

surrounds temperature of the equipment be approximately 75 0 F 

with maximum and minimum excrusions never failing outside the 

range of 0 F to 130 F. Actual equipment operating temperatures 

should be as close to the surrounds temperature as possible 

using reliable thermal design techniques (i.e. passive means). 

The equipment hot spot temperatures should in no event exceed 

the maximum reliability derated limits for the electrical com-

ponents which create the hot spots. 

The thermal design has achieved this goal, being 

aided by the extensive use of silicone transistors rather than 

the lower temperature rated germanium semiconductive devices. 

Completely passive thermal control is employed except for the 

extremely temperature critical current drivers and YIG oscilla-

tors. The active temperature control for these devices is 

accomplished by using a heater element and both a solid state 

controller and a mechanical thermostat safety device. This 

type of active control is highly reliable. 

4.10.2 

4.10.2.1 

System Thermal Characteristics 

Thermal Coatings 

To achieve the desired thermal response of the 

system, appropriate thermal coatings are used. Figure 4.7-1 

shows the utilization of these coatings on the system. The 

r, 0, •• _,." '00 ,,_ ... / 
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LOW DENSITY FOAM (~- .9, f - .9) 

FOAM WITH WHITE 
EXTERIOR SURFACE 
(" = . 25, ( = .9) 
(CROSS SECTION 

,-----..., 
\ \ I I 

l \ ( 
",---7 I 

I \ I I 
I t- - f I 
Ic:.=- -=-=1 

50X1 

WHITE PAINT 
(~ = .25, , = .9) 

WHITE TAPE (" - .25, f - .9) 

MYSTIC FOIL (~ - .16,( - .07) 

BLACK EPOXY PAINT (f - .9, : NOT SIGNIFICANT SINCE BOXES ARE 
SURROUNDED BY AUXILIARY RACK STRUCTURE) 

Figure 4.10-1. System Thermal Finishes On -Y Side 
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coatings and their approximate purposes are given in the fol-

lowing paragraphs. 

On the underside of the system, all main surfaces 

are covered with a black epoxy paint, Andrew Brown type A316. 

This paint with its high infrared emissivity ( E Z .9) assures 

maximum radiation coupling with the surfaces of the auxiliary 

rack which in turn have a high emissivity finish of Dow 17 over 

a magnesium base ( E Z .7). Around the edges of the system, on 

the exterior of the 3.65 inches wide aluminum support channels, 

a finish consisting of Mystic 7402 aluminum tape is applied. 

These surfaces do not contribute significantly to the overall 

thermal response of the system and are finished with a thermal 

coating that acts as an effective radiation barrier (E Z .06). 

Over the low emissivity surface on the -Y side of 

the system, type LAC 24-4224, color 101 (white), thermal tape 

is applied in sufficient quantity to cover 30% of the total ex-

terior area on this side. This tape prevents this one area from 

becoming too warm during certain orbital conditions, a condition 

which could produce unwanted hot spots on the units of the system 

immediately behind the support channel on this side. 

On the side of the system which faces the earth, 

the thermal finishes were chosen based on the need to maintain 

all antenna temperatures within narrow limits. The resulting 

finishes include a 811 thick layer of low denSity, flexible polyu-

rethane foam which covers the major area of the front of the 
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JneYCOmb panel. A high emissivity (E ~.9) low absorptivity 

( f ;:::; .25) white paint is applied to all exposed phase horn sur-

faces. 

Thermal Inertia of the System 

I 

Because the major mode of heat transfer is by 

r~diation exchange with the surrounding walls, the quantity 

Mown as the llradiation time constant ll is of great significance 

in determining the overall thermal characteristics of the system. 

This quantity is given by: 

Where: 
mc 

T = 4.10-1 

T Radiation Time 

Constant (Hours) 

m Total Mass of the 

System (Pounds) 

c Average Specific 

Heat of the System 

(BTU/LB - OOF) 

(EA)EFF = Effective Overall 

Radiation Coupling 

With the Surrounds (FT2) 

To Equilibrium temperature 

of the System which is 

generally an average of 

the separate equilibrium 

temperatures of the 

50X1 
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various parts or the 

system under certain 

thermal loading condi

tions (degrees Rankine). 

= Stephan-Boltzman's Constant 

Equation 4.10.1 expresses the rate with which the 

total system will respond as the temperature of the surrounding 

surfaces change with time. It does not give the detailed tran-

sient response of individual units of the system nor of local 

hot spots within each unit. The use of this quantity is shown 

below: 

are given by: 

T = mc 4.10-2 

The values of the quantities in the equation above 

m 

c 

(EA)EFF 

To 

200 Ibs (the antenna weights 

are not included in this 

quantity) 

= 0.2 BTU/lb- FO(Typical for 

= 

an electronic assembly) 

lS2 (this quantity is 

determined primarily by 

the area which sees the 

auxiliary rack structure) 

6600 R 

which gives for the radiation time constant. 
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T (200)(0.2) 
4.10-3 

(4)(15) (1.725 X 10-9)(2.85 X 1010) 

= 1.36 Hours 

At an orbital altitude of 268 n.m. the orbital 

period is 95 minutes = 1.58 hours. The radiation time constant 

is thus the same order of magnitude as the orbital period. This 

me!ans that the system will respond in a time period comparable 

t1 the orbital period. Thus even if the walls of the auxiliary 

r~ck cycle between two extremes during anyone orbit, the thermal 

iJertia of the system is sufficiently high that no appreciable 

t~mperature change will occur as a result of the cycling. The 

temperatures of the auxiliary rack walls are assumed to be at 

their orbital average temperatures in determining the thermal 

r~sponse of the system. Therefore, there is no requirement to 

p,rform a tedious tranSient analysis of each section of the aux

iliary rack. A quasi-steady state analysis can be performed to 

dftermine only the average temperature of each surface for any 

given orbit (this average will of course change as the orbital 

thermal inputs slowly change with time). 

4flO.3 System Thermal Analysis 

4 10.391 Thermal Inputs 

• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

The auxiliary rack and the temperatures of separate I 
sbctions of system are determined by a radiation balance between 

I 

the total thermal inputs and the total radiating efficiency of 

tpe external surfaces to space. The thermal inputs include earth 

shine, albedo, direct solar radiation and average power dissipation 

50X1 
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within the auxiliary rack and the system. These inputs gener-

ally change with respect to the orbital sun angle (p angle) 

having a maximum value for a p angle of gOO (called "the twi

light orbit") and a minimum for a p angle of 0 0 (called "the 

high noon orbit 11 ) • 

Analysis for these two conditions gives the upper 

and lower extremes for the temperature range of the system. 

The overall long-term, average temperature is essentially then 

given by the T average of these two extremes, i.e., 

Where: 

Overall Time Average 

Temperature (degrees 

Rankine) 

Upper bound of the 

system temperature 

4.10-4 

range (degrees Rankine) 

Lower bound of the 

system temperature 

range (degrees Rankine) 

The average thermal inputs required to calculate 

the two temperature extremes are derived as follows. 

(1) Earthshine: For a vehicle which re

tains a constant attitude with respect 

to the earth, the thermal input from 

4 l SfCR~T 
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earthshine is essentially constant 

for all angles. The value of the 

input only depends upon the orien-

tation of a particular surface with 

respect to the earth. 

(2) Direct Solar: For a ~ of 90° the 

sun presents a constant input to 

one side of the orbiting vehicle 

(the -y side). The other side 

is in complete shadow. As de

creases to 0° the sun gradually 

moves to a position that illumi-

nates the plus and minus z sides 

of the vehicle. However, in this 

condition the vehicle is exposed 

to the rays of the sun only 65% 

of each orbit. 

The constant attitude with respect to the earth 

a~so causes the sun to seemingly precess around the vehicle 

~1om +z to -Z during the daylight portion o~ the orbit. The 

aierage direct solar input for a ~ of 0° is thus obtained by 

tJking the average projected area of each surface to the sun 

a1 it precesses around the vehicle, i.e., 
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= Orbital average solar 

flux (BTU/Hr-FT2 ) 

= Angle between the normal 

of the surface being con-

sidered and the direction 

of the suns rays 

= The value of p when the 

sun first strikes the 

surface being considered 

and when the sunTs rays 

last strikes the surface 

every orbit. 

Equation 4.10-4 can be used to calculate the average 

direct solar flux impinging on each surface. The equation must 

be used with caution if there are any perturbances which will 

partially block the sun!s rays during certain positions of the 

vehicle. The Granary antenna is one such perturbance. (See 

Figure 4.10-2). This partial shadowing effect of such appendages 

must be carefully taken into account. 

4.10.3.2 

(3) Albedo: Solar energy reflected off 

the earth!s surface is also strongly 

dependent on f3 angle. The average 

albedo input is a maximum for f3 = 00 

and a minimum for f3 = 90 0
• 

System Analysis 

Using the average thermal inputs, as stated, a 
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SEE DETAIL" A" 

S'IlSTEM RECEIVES /' 
EARTHSHINE MAX. /' __ --
ALBEDO MINIMUM / /' /' 
SOLAR (FOR DAY / 
LI.GHT PORTION! ;/ 
OF ORBIT) I I 

I 
/ I 

/ , 

--
SHADOW OF GRANARY 
ON VEHICLE -~---

/ 
EARTH 

DETAIL "A" 

SYSTEM RECEIVES EARTH-
SHIN E, 01 RECT SOLAR, 
VERY SMALL AM T. OF 

""ALBEDO 

/ 

XILIARY RACK 

Figure 4.10-2. High Noon Orbit Schematic 
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steady-state, energy-balance equation can be wrltten for each 

main surface of the system-auxiliary rack combination. The 

equatlon for one such surface is given by: 
4.10-6 

G ( i , n) 0- Tn 
4 

= 

Where: G(i,n) = Radlation coupllng 

between surfaces 1 

(EiAl)sp Radlatlon coupling 

from surface 1 to 

= Orbltal average temp-

erature of surface 1 

(degrees Ranklne) 

= Orbltal average temp-

erature of surface n 

(degrees Ranklne) 

Stephan-Boltzman Constant 

Average electrlcal power 

dissipated on surface i 

(BTU/Hr) 

= Solar absorbtlvity of 

surface 1 

Infrared emmlsslvity of 

surface i 
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Orbital average direct 

solar flux onto surface 

Orbital average albede 

flux onto surface i 

(BTU/Hr-FT2 ) 

= Orbital average earthshive 

flux onto surface i 

(BTU/Hr-FT2) 

For the system analysis, ten surfaces are chosen 

as significant thermal surfaces and are shown schematically in 

I 

I 
I 
I 
I 
I 

Figure 4.10-3. The three surfaces on the system are essentially I 
dummy surfaces. The selected surfaces are picked merely to 

facilitate obtaining the average temperatures of the auxiliary 

rack surfaces. After these auxiliary rack temperatures are ob-

tained, the system is broken down into its separate units, which 

in general have less surface area than shown in Figure 4.10-3. 

Thermal analysis of each unit is then obtained using 

the derived auxiliary rack average temperatures as radiation 

surrounds temperature. This analysis is described in detail in 

paragraph 4.10.4. 

For the system analysis the values of Qi, Si, ~i 

and Pi are obtained as discussed in 4.10.3.1. Radiation coupling 

factors are obtained between surfaces using the tabulated data 

from the NASA Technical Note 2836, "Radiant-Interchange Configur

ation Factors!! by D. C. Hamil ton and W. R. Morgan and the use 
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of a high finish on all interior surfaces. Values for i and 

i are dependent upon the exterior point pattern of each sec

tion of the system and the auxiliary rack structure. 

-y +y -y +y 

Figure 4.10-3. Payload-PV NOde Numbers 

The values of the upper and lower band for the temp-

erature range of each major section of the auxiliary rack as 

determined by the analysis is shown in Table 4.10-1. The values 

are believed to be conservative and generally agree with a simi-

lar preliminary analysis performed by LMSC. The temperature 

ranges fall within the desired limits. 
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TABLE 4.10-1 RESULTS OF SYSTEM ANALYSIS 
50X~ 

I I Average Temperature 
Rack Section = 900 = 0 0 

-Y Bay 1300F 20 0F 

Center Bay 1000F 200F 

+Y Bay 700F 200F 

4. 0.4 

4. 0.4.1 

Individual Hot spot Analysis 

Introduction 

The type of analysis in Section 4.10.3 is adequate 

to obtain the overall thermal response of the system. However, 

inl determining the magnitude of local hot spots within individual 
, 

units a more careful analysis generally has to be performed. 

T~ese hot spots are caused by very local power dissipation and 

can change rapidly with time, even though the housing of the unit 

and the system as a whole is changing much more slowly. 

Average power disSipation cannot be used to accu-

r~telY predict the maximum temperatures of these points; using 

aJerage power could result in errors of over 50 F in some in-

Steady state analysis would also be improved in some 

stances. In these cases, the duty cycle of the unit is criti-

the hot spots never reach a steady state level in the 

30-out-of-95-minute duty cyc18. For these reasons, the 

individual hot spots is performed with one basic 

ilosophy. If a steady state temperature analysis of a hot 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

maximum power dissipation, resulted in a temperature I 
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which is within acceptable bounds, this temperature is given as 

the maximum worst case for that hot spot. This maximum tempera-

ture may not be obtained due to the Finite thermal inertia of 

the hot spot components in actual operation. If the steady 

state analysis indicated a temperature which was unacceptable, 

the hot spot was examined in close detail, with the actual 

transient response calculated. This method is much more tedious 

and time consuming than a steady state method, and was limited 

as much as was practical. In one case, a combination of the two 

types was utilized. 

The resulting maximum temperature predictions are 

conservative in all instances and a tolerance is given for each 

point, indicating the range in which the actual maximum opera

tional temperatures are expected to be. 

4.10.4.2 Analysis of the Data Handler and Recognizer Rack 

Hot Spots 

The Data Handler and Recognizer Rack are of similar 

construction and power distribution and dissipation. The Recog-

nizer Rack is located in the section of the system which looks 

down into the -Y bay of the auxiliary rack. It will thus see 

the worst thermal environment (Table 4.10-1). An analysis for 

this unit will then suffice for both. The analysis was performed 

on a steady state basis due to the nature of these units as des-

cribed in the following paragraphs. 

The Recognizer Rack is composed of an aluminum 

~ , . '-~ - ' ,! 
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hoJsing painted black on all exterior surfaces and with a low 

em,SSivity alodine ~inish on interior sur~aces. Within the 

hoJsing, 24 printed circuit boards are mounted in pairs to the 

Si~es o~ an .016-inch thick aluminum plate. The aluminum plate 

isiattached to the housing by spring clips on either end of 

the plate. Each printed circuit board has an even distribution 

of flat packs which in general dissipate power uniformally. 

I The total power consumption of the unit is 15 watts 

du~ing the normal duty cycle of the system. Each pair of cir-
I 

cutt boards dissipates 1.5 watts, maximum. Pairs of circuit 

bo, rds are stacked at intervals of approximately .5 inches. 

Figure 4.10-4 illustrates the unit with the top cover off and 

some of the printed circuit boards removed. 

Thermal analysis was conducted on one of the cen-

t1r cards, at which location o~ the hottest point will be achieved 

near the center of the card. Because of the light weight of the 

cJrd pairs (.04 pounds), the thermal inertia of the card will be 

sJall; a steady state analysis will closely approximate the 

adtual maximum temperature achieved on the card. The following 

cl'nservative assumptions were used in the analysis. 

, 1) There is no heat exchange with the 

aluminum honeycomb base plate. 

2) This is no radiation exchange 

3) 

between adjacent card pairs. 

Heat will be removed primarily 
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by conductor from each card 

pair into the spring clips 

and thus into the side walls 

of the housing. From these 

walls the heat will be radi-
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TOP COVER 

Figure 4.10-4 Data Handler No. 2 Thermal Layout 

The temperature rise between the surrounds and the 

center of the card can be broken up into three general increases. 

(1) With uniform power dissipation over the cards, 

the heat flow will be essentially one dimensional from the interior 

50X1 
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~:28 o~ crre- -1 the location of the spring clips along the two 

edges. ~:::Ot~mperature rise from the edge to the center of the 

card can then be found from the one-dimensional Fourier equa-

tion: 

= -Q/KA 4.10-7 

Where: 

T 

x 

Q 

K 

A 

= Temperature (degrees 

Rankine) 

Distance measured 

from center of card (FT) 

Power dissipation per 

unit length (BTU/Hr-FT) 

Conductivity of Material 

Conduction cross sec-

tional area (FT2) 

The solution is: 

Where To is the 
i 

tre total width 

T 

temperature 

of the card 

at 

Q X + 
KA2 

the edge of the 

between the spring 

is at the center, where X = 0, 1: temperature 

a, ove the temperatures at the edge is: 

I 

T - To = ~ L 2 
KA 4 
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card, and L is 

clips. The maxi-

and its magnitude 
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For the Recognizer Cards: 

Q 

K 

A 

L 

.2 watts/inch = 8.2 

BTU/Hr-FT 

99 BTU/Hr-FT-OF (This 

is the conductivity of 

the aluminum plate. 

The circuit boards 

contribute very little 

to the conduction trans-

fer in this direction) 

.0004 FT2 (The cross sec

tional area of the alumi-

num plate in the direc

tion of heat flow) 

::: .5 FT 

Giving a maximum gradient from the edge of the card to the center 

of: 

T - To 4.10-9 

The gradient from the front surface through the printed circuit 

board is only approximately .l~ due to the low power density on 

the board; therefore> 4.10-9 closely represents the maximum grad-

ient from the edge of the aluminum plate to the center of the 

front surface of the printed circuit boards. 

(2) The second gradient is that across the surface 

contact between the spring clip and the aluminum slide plate. 
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THere is approximately 1 in2 of contact area on each spring 

clip so the thermal loading on each clip is .625 watts/inch = 

31 BTU/Hr-FT2 • However, the contact pressure is not well de-

fined for these surfaces and, as a result, the thermal contact 

c1nductance may be very low. To insure a conservative calcula

t~on, a low thermal conductance value of 2.46 BTU/Hr-FT - of 

w~s chosen. Under these conditions, the gradient between the 

a~uminum sliding surface ~~d the spring clip is: 

T 4.10-10 

(3) The third and final significant gradient is 

t at from the housing of the unit to the surrounding surfaces 

( ssumed to be at l300F). 

Steady state methods were used in the preceeding 

rts of the analysis. In determining the housing temperature, 

averaging method was considered to be more accurate for the 

rmal duty cycle of 30 minutes out of 95 minutes. Average 

wer dissipation of the Recognizer Rack is 4.7 watts. The 

a ea of the two sides of the housing is 94 in2 and the view fac-

r to the surrounding surfaces is approximately .50. This re-

s lts in a temperature gradient between the housing and the 

s rrounds of: 

4.10-11 

ding 4.10-9, 4.10-10 and 4.10-11 indicates the overall maximum 

adient between the center of a card and the surrounds. The 

ximum temperature is, with a surrounds of l300F. 
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4.10-12 

This temperature is well below the maximum rated temperature of 

the flat packs on the printed circuit cards. 

4.10.4.4 Hot spot Analysis of the Recognizer Memory, 

Buffer Storage and SWI 

The internal configuration of the Recognizer Memory 

is similar to both the Buffer Storage and the SWI. A detailed 

description of the analysis of this one unit will then suffice 

for all three. 

Figure 4.10-5 illustrates the layout of the Recog-

nizer Memory. The memory consists of a ferrite memory stack in 

the approximate center of the unit with. two sense amplifier 

printed circuit boards at the top and bottom of the stack. Be-

tween each sense amplifier board and the cover of the unit is a 

larger printed circuit board with additional electronic circuitry. 

The total power dissipation of this unit (4.5 watts) 

is divided into 1.05 watts maximum, for each sense amplifier 

board and approximately 1.25 watts for each larger board. The 

sense amplifiers are 3" X 3l!, resulting in a power density of 

0.11 watt/inch2 • The larger boards are 6" X lll! giving a power 

densi ty of .019 watts/inch 2 • 

The only significant mode of heat transfer is by 

radiation. The separate boards are tied together structurally 

with four steel screws located at each corner of the sense ampli-

fier board, but the size of the screw and the low conductivity 

-f· :·'''1~ __ """......I!.l~ii ~c Il-iQl~E--ICIf-h~ It1r-1E ~N-~ FrD It-tl idN~6:--
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MEMORY STACK 

Figure 4.10-5. Recognizer Memory Thermal Layout 
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material reduce the conduction transfer to an insignificant 

level in comparison with radiation. Conduction transfer will 

therefore be neglected. 

A steady state heat transfer equation can be written 

for each separate part. Let Tl, T2 , T3' T4, T5 , and Ts represent 

the temperature of the top sense amplifier board, the bottom 

sense amplifier board, and memory stack, the top large board, 

the bottom large board and the radiation surrounds, respectively. 

The equation for the top sense amplifier board is written as: 

4 4 4 4 
F12E12 ((TTl - o-T2 ) + F13 E13 ((TTl - (TT3 ) 

4 4 4 4 
+ F14E14 ((TTl - aT4 ) + F15 E 15 ((TTl - aT5 ) 

Where: 

FIn configuration factor between body 1 

and body n 

Eln emissivity factor between body 1 and 

body n 

a- = Stephan-Boltzmann' s constant 

Ql = internal power dissipation of body 1 

4.10-13 

It should be noted that the cover does not enter 

into the calculations directly, but is represented by the Fls 

Els term. In this term, the effect of the cover as a radiation 

barrier is included. Cover temperature is not considered impor-

tant since the orbital thermal telemetry points for these units 

are all at internal points. The configuration factors between 

i':',I __ lpic'1EC,a~f)L'Me 
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bddies were generally obtained from Hamilton and Morgan and 

t~e emissivity factors were generally assumed to be In 1 n 
I 

die to the large surface 

back on both sides. 

emissivities. The cover is painted 

A similar equation exists for each body, resulting 

i 5 equations and 5 unknowns (Ts is assumed from Table 4.10-1 

t be 130°F). Solving this set of equations produced the fol-

1 wing maximum orbital temperatures: 

150° + 10°F 4.10-14 

= 170° + 20°F 

150° + 10°F 

145° + 10°F 

= 175° + 20°F 

A wider tolerance is placed upon T and T because 

the assumption of no exchange with the honeycomb baseplate. 

reality there will be some thermal exchange and it is expected 

at these two temperatures will more probably be in the lower 

lerance band (i.e., between 150°F and 170°F for T2 ). All of 

ese temperatures represent average board temperatures. 

The individual integrated circuits on the various 

boards are rated for 257°F (125°C) and only dissipate a maximum 

of 0.15 watts each. No significant gradient can exist between 

the integrated circuits and the epoxy boards; therefore, the 

alysis indicates an adequate thermal design. Similar tempera-

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

tures are expected in the Buffer Storage. In the SWI, temperatures I 
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will generally be 30 F lower due to the less severe surrounds 

temperature (Ts = 100oF). 

4.10.4.5 Hot Spot Analysis of the IF Deck 

The IF Deck consists of two common housings for 

several individual chassis, generally referred to as IF phase 

channels. The total power of 40.6 watts is evenly distributed 

among these individual chassis with a maximum of 3.94 watts in 

one channel. The channel itself consists of a chassis which is 

machined from an aluminum bar to produce an Itegg crate!! configur-

ation with a common mounting plate and several compartments, 

each isolated from the other for RFI shielding. Into each of 

these compartments a !!cordwood" module is placed. The cordwood 

module consists of electronic components mounted between two 

small epoxy printed circuit boards and protected with a dip 

coating of Humiseal. Figure 4.10-6 shows the general arrange-

ment of one of these channels. 

It has been determined from past experience with 

this type of unit that the hot spot occurs on a type 2N1492 

transistor which is located in several of the cordwood modules. 

The transistor dissipates only 0.04 watts but the 

method of mounting results in a high thermal resistance path 

between the case of the transistor and the chassis. The thermal 

conduction path to the chassis consists of 3 Kovar leads of 

0.00096 in cross section, approximately 0.2!1 long, and having 

a conductivity of 0.208 watts/in/OF. This produces a conduction 
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Figure 4.10-6. IF Phase Channel Thermal Layout 

50X1 

pling with the chassis (the printed circuit boards are gener

y in good contact with the chassis and thus, at essentially 

same temperature) of 0.001 watts/ F. The transistor case 

o has a total area of 0.35 in2 which is gold plated. If the 

d plate were the only finish on the case then the low emis-

ity of the plating would create a worst case radiation coupling 

the chassis of only 0.01 in2 • However, the Humiseal dip 

ting of each cordwood module can deposit a layer of high 

e issivity Humiseal on the case, in which event the radiatic
sOX1 
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coupling would be increased to approximately 0.31 in 2 . Both 

situations were analyzed to determine the possible spread in 

temperature due to an incomplete coating of Humiseal on the 

transistor case. 

In the analysis, the chassis is assumed to be at 

an average temperature determined by the radiation coupling of 

the chassis to the surrounds and the orbital average power dis-

sipation of 1.25 watts. The radiation coupling is determined 

by the top surface of a, chassis and is equal to 26.5 in 2. This 

gives an average chassis temperature (Tc ) above surrounds (Ts) 
o 

of Tc - Ts 21 F. The chassis temperature, with a maximum 

surrounds temperature of 1000F (the center bay) is then 1210F. 

The hot-spot temperature of the transistor case is 

calculated assuming that a steady state condition exists be

tween the transistor case temperature (Ttc) and the chassis 

average temperature. The transistor case temperature is deter-

mined by either the minimum coupling condition: 

or the maximum radiation coupling condition: 

4.10-15 
0.04 watts 

4.10-16 
4 4 

0.31 (T Ttc - (T Tc ) + 0.001 (Ttc- Tc) = 0.04 watts 

which results in a maximum transistor case temperature of: 

4.10-1'7 

The transistor is rated at 302
0

F (1500C) and thus is well within 

limits. 
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The power supply weighs approximately 12.5 pounds 

and has 308 in2 total surface area (excluding the mounting sur

face area). With a power dissipation of 103 watts during the 

Reladin and Calibration operations, this represents a power 

density of 0.33 watt/in. A steady state analysis would result 

i1 an average orbital housing temperature in excess of 2l2 0 F. 

S me components within the power supply have temperature limits 

o 257°F while others may operate above 300 oF. For these rea-

the components with highest thermal ratings and dissipa-

tons were separated from the components having reduced tempera-

t re limits, and allowed to operate at slightly higher tempera

t res. These higher rated components consist of 4 silicon power 

t ansistors, each dissipating 5 watts, maximum; and a large 

p transformer, dissipating 20 watts~ maximum. These compo-

n are required to be in close proximity to each other to 

m nimize lead lengths. 

Figure 4.10-7 depicts the general layout of the 

p wer supply showing how separation was accomplished. Most of 

t e components, including the critical items, are evenly dis-

t ibuted throughout the housing of the power supply. 

The top cover of the unit forms a radiation heat 

s nk plate. The power transistors are mounted on the approxi-

te center of the plate. The plate is machined from aluminum 

d is 0.1" thick to minimize the gradients that will exist 

50X1 
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INTEGRAL 
_~ RIB- MOUNTING 

POWER TRANSISTORS----....... 

POWER TRANSfORMER----..... 

HOUSING-----t~ 

Figure 4.10-7. Power Supply Thermal Layout 
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from the power dissipating components to the extreme ends of 

the plate. The mounting web of the transistors is an intimate 

machined part of the plate to also eliminate gradients. The 

plate and associated components have a total radiating area of 

98: in 2 to the surrounds, weighs 3 pounds, and dissipates 45 

watts, chiefly at the power transistor locations. 

I To fUrther enhance the thermal response of the 

porer supply, the location of the unit in the +Y bay was care

fully selected. This location places the unit into a surrounds 

t~at has the minimum temperatures during the worst case orbital 

cqrtditions (See Table 4.10-1). The maximum orbital surrounds 

t~mperature in this bay is only 70 oF, which aids considerably 

i1 maintaining the power supply within reasonable temperature 

limits. 

! Transient analysis of the average hOUSing tempera-

tJre and the average temperature of the heat sink plate was per

f1rmed. The internal gradients within the housing and plate 

a~e calculated using thermodynamic reasoning based upon the 
! 

tfiCkneSS 

ot power. 
! 

I -

of the conduction webs and the local concentration 

In the analysis the following assumptions are made: 

(a) Power is on a maximum of 30 minutes 

of the 95 minutes orbital period. 

(b) There is no conduction exchange 

with the aluminum honeycomb baseplate. 

50X1 
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Assumption (b) is the same assumption used in the 

analysis of the other units. In the power supply analysis it 

may seem overly conservative. An estimate was made of the power 

that could be conducted into the honeycomb face sheet and then 

radiated from the face-sheet to the surrounds. The analysis 

indicated that due to the thin face- sheets, only about a one

inch strip of face sheet around the lower edge of the unit 

would be effective in removing heat by conduction and radiation. 

This corresponds to about 6 watts of power or only 5.8% of the 

total power dissipation. 

Assumption (c) was based on the belief, before the 

analysis was performed, that the final, average temperature of 

the housing and the top heat sink plate would be approximately 

the same, in which event there would be no exchange due to the 

isothermal condition. The subsequent analysis essentially con-

firmed this assumption. 

Using these assumptions, transient analysis was 

performed on the two sections of the power supply. The analysis 

involved solving the two temperature-time equations: 

Radiation Heating Equation 

tiT + C = 2 Ltanh-l T + tan-l ~ 7 
H 1 TH TH -
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Radiation Cooling Equation 

t/~ + C2 = 2 ~coth T 

TL 
- cot T J 4.10-19 

Where: 

T 

t 

TC 

= temperature 

time 

radiation heating time 

constant = mc/4EA~TH3 
radiation cooling time 

constant = mc/4EA~TL3 

maximum temperature 

which unit would reach 

if power (Q) were on 
4 

continuously(~TH =Q/EA) 

= minimum temperature which 

unit would reach if power 

were to be off continuously 

(TL would then be the radia

tion surrounds temperature) 

integration constants de-

pending upon the initial 

conditions(t = 0, T = Tl ) 

and (t = 30 min, T = T2 ) 

om the mass, available radiating area, surface finish (E= 0.9), 

d power dissipation of the main housing and the heat sink 
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plate. The greater mass of the housing (9.5 lbs as opposed to 

3 lbS) causes slower transient response. The possibility of 

gradients within the housing will be less, due to a more even 

distribution of power. 

Temperature-time equations were solved using an 

inerative process. First, one assumes an initial temperature 

Tl and obtains a value for Cl. Using this value of C , the 

temperature when t = 30 minutes can be calculated. This tem-

perature is then taken as the initial temperature during the 

cooling cycle and C2 determined. The final temperature after 

65 minutes of cooling can then be determined. If final temp-

erature is equal to the originally assumed initial temperature 

Ti, the solution is complete. If not, one takes the final 

temperature as a new initial temperature and performs another 

cycle of calculations. Usually two or three cycles results 

in a closed solution. 

Figure 4.10-8 shows the results of this analysis 

with the expected gradients that will exist in the top heat 

sink plate. The transient analysis results in temperatures 

well under the derated limits of the separate components. 

4.10.3.5 Thermal Analysis of the LO Control Box 

In the design of the LO control box there were 

three thermal constraints applied to insure that the LO con-

trols (including the high and low band YIG oscillators and 

current drivers) would operate within electrical specifications. 
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(a) Temperatures of critical components 

I should not exceed 185°F 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

(b) Temperatures of critical components 

should not fall below 120~ 

(c) During the on-cycle of the current 

drivers a critical power resistor 

should not change temperatures at 

a rate exceeding + • 72 oF/min. 

During operation, the critical components of the 

LO controls have the worst case power profile as shown in Figure 

4.10-9. Maintaining the desired minimum temperature of 1200 F 

during all orbital (Tmin = 20
o

F) and test (Tmin =-30oF) condi

tions, required isolating the components to some extent from 

the mounting surface .of the honeycomb. Otherwise, it would take 

an excessive amount of heater power to maintain a worst case 

150 0 F gradient between the components and the base plate when 

the components are off. 

Thermal isolation means, however, that during 

power cycling the components will act in a purely transient 

response mode which will depend only on the thermal inertia of 

the components and the structure to which they are mounted. The 

temperature response during any period will then be given by 

T = Q/mc where Q is the power dissipation and mcp is the ther
t p 
mal inertia of the components-mounting structure combination. 

J I 
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J is not possible to smooth out this transient response by 

cycling a heater out of phase with the component power. 

From Figure 13> Qmax = 4.25 watts and 

min thus mc p 4.25/.72 = 5.9 watts-min/oF 

T 
t 

.335 BTU/oF 

The YIG oscillators weigh approximately 2 pounds, 

bJt they are composed mainly of material with a low specific 

at (iron with a Cp of 0.11 BTU/lb-oF) giving a thermal inertia 

0.22 BTU/~. Thus an additional 0.11 BTU/oF is still re-

This additional inertia is supplied by the mounting 

ate which is made of copper, with a specific heat of 0.10 

d weight of 1.13 pounds. 

Copper is used instead of aluminum, which has a 

of 0.22, because of the required configuration of this plate. 

hold components> other than the critical components, the 

ate must be at least 51! X 51!. The critical components, from 

e transient standpoint, are two power transistors which 

c eate a highly local concentration of power on the plate. In 

o der to be able to use the total mass of the plate, the power 

m st be readily distributed into all corners of the plate, i.e., 

a material with a high thermal conductivity must be used. Copper, 

w th a thermal conductivity almost three times aluminum, was 

s lected as the better material. 

With the thermal inertia of the plate and components 

c mbination, the orbital response of the critical components will 
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oscillate +4.50 F about an average which is determined by the 

average orbital power dissipation of the components within 

the oven (Figure 4.10-9), the value of the thermal resistance 

from the copper plate to the surrounds, and the magnitude of 

available controllable heater power within the oven. 

OVEN TEMP ~ 120 0 F 

10 
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Figure 4.10-9 LO Oven Transient Temperature Response 

Figure 4.10-9 shows the orbital average power of 

the components within the oven to be 1.25 watts. One possible 

test condition will involve a surrounds of 16ooF. In order not 

to exceed a maximum of 1850 F within the oven, a conductive ther-

mal resistance of 150 F/l.25 watts = 12oF/watt is required (with 

a +4.5 0 F transient response this gives a maximum temperature of 
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During the worst possible cold test, the surrounds 

will be at -30 F. A total power requirement of (1200+ 300)/120F/ 

watt = 12.5 watts must be supplied to maintain component tempera

ture above 120 F. Since this condition must exist even when the 

components themselves are not dissipating power (for example, 

d~ring extended periods in which the total system may be inac

tivated), the additional power must be supplied by heating ele

ments. In order that these heating elements not operate when 

t~e components are above 1200F due to high base plate tempera

t*res, a proportional controller is employed which de-activates 

the heaters once the internal oven temperature is above 1200F. 

The final form of the LO control oven is shown in 

F gure 4.10-10. The oven consists of an outer shell of magnesium 

NYLON 
SPACER ........ .-I11III 

(4 CORNERS) 

MAGNESIUM 
HOUSING 1/2

8 
FOAM LINER 

(ALL SIDES) 

HEAT SINK PLATE 
WITH INTEGRAL 
HEATER BLANKET 

Figure 4.10-10. LO Oven Thermal Layout 
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an insulating layer -?2!! thick of low density polyurethane foam 

(pz 2 lbjft3, k .01 BTUjhr-ft-OF), insulating structural stand-

offs made of nylon, and the heat sink plate with four heater 

blankets mounted in small cutouts on the plate. The response of 

the heater-oven combination versus base plate temperature is 

shown in Figure 4.10-11. 

180 
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150~ 
0::: 
LLI 
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:::ii!i 
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140 .... 

130 
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DESIGN GOAL 
----I POWER REQUIREMENTS 

v-- ACHIEVED POWER REQUIREMENTS 

" " " ~ 
OVEN AVERAGE TEMPERATURE (t 4.5.F~ 

~40 -20 o 20 40 60 80 100 120 140 160 
SINK TEMPERATURE (Of) 

Figure 4.10-11. LO Oven Power Requirements 
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Electromagnetic Interference Control 

Introduction 

The objectives of the Electromagnetic Interference 
I 

Control measures applied to the Reaper System are to insure that 

the)various subsystems of th .. e system are mutually 

that the system will be comnatible with the power 

compatible and 

line require-

men s as stated in the official interface document. A further 

obj ctive is generally to reduce the susceptibility of the 

sys-em to outside EMI and to reduce the EMI radiated and conducted 

the system. 

To achieve these objectives, the interference control 

, LTVE Specification 52000-R420, was originated early in 

the program and these basic requirements were implemented during 

the design phase. Additionally, military specifications 

MIL I-618D, MIL-E-6051C and MIL-B-5087 were utilized as design 

gui es. 

4.11. 2 Purpose 

The purpose of this section is to briefly summarize 

the electromagnetic interference control measures that were ap-

plied ta the system. 

4.11. 3 General EMI Control Concepts 

Interference control and compatibility techniques 

were applied in the design of each subsystem of the system. 

Basic interference control techniques of grounding, bonding, 

Shrlding 

~1~~1 

and filtering were used. 
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4.11. 3.1 Grounding Philosophy - The basic grounding philosophy 

presented herein evolved from the following analysis of the sub-

system signal and secon~ary power interconnection requirements. 

L~.11.3.1.1 Shield Grounds - Since binary and RF data is inter-

cO~Dected between each of the units and because the characteris-

tic nature and frequency spectrum of this data contains RF in-

terference frequency components above 150 kc, the interconnecting 

signal lead shields were grounded to the subsystem equipment 

cases at each end. Because the interconnecting shield would 

provide a ground path between units of the subsystem and due to 

the consideration of other subsystem interconnecting signals 

leads and associated signal levels, it was determined that a 

multipoint grounding philosophy, with respect to the structure, 

was the most practical method from a standpoint of System EMI 

considerations. 

4.11.3.1.2 Signal Returns - Subsystem signal returns forming 

\ interconnections between units of the system, are multipoint 

grounded i.e. grounded at the source and at the load. The multi-

point method was selected as the most practical concept to be 

consistent with type of circuitry involved and the shield 

ground philosopby. 

4.11.3.1.3 Power Grounds - Primary power inputs to the system 

are balanced and are not grounded at or internal to the system 

in accordance with the interface requirements. The power supply 

unit has as an integral component, a DC-to-DC converter that 
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pr vides primary 
I 

SPECIAL HANDLINe 

power input return isolation with respect to 

the vehicle ground point and provides regulated DC secondary 

power to the structure. However, to reduce secondary power 

ground currents in the structure the secondary power returns 
I 

hare been distributed to each internal ?ubsystem module and 

n grounded to the chassis at each individual module. 

4. 1.3.1.4 Interface - The systems command, control, binary 

analog interfaces have been grounded as specified by the 

C Specification AAl1654-3. 

4. 1.3.2 Bonding - Installation of the system in the carrier 

ve icle influences to a high degree the EMI integrity of the 

Re per system. The shielding effectiveness of the individual 

un'ts and interconnecting cables are dependent on the electrical 

ding of the individual subsystems of the Reaper to the mating 

ucture. The mating surfaces of the Reaper System and the 

ve icle are free of paint or other non-conductive finishes. 

4.11.3.2.1 Surface Treatments - All mechanical assemblies, 

chassis, covers, panels, etc., constructed of aluminum have been 

treated with Alodine 1200 (s) process and/or tin-over-nickel 

plating. Mating surfaces of units, parts, cases and structures 

have been masked or assembled prior to prining, painting or 

mechanical bond. The electrical bond between mating surfaces 

been maintained, however, where mechanical integrity 

required, a fluid adhesive was used. The fluid adhesive, 

p- ior to hardening, is compressed by mechanical integrity 

w s reqUired, a fluid adhesive was used. The 
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fluid adhesive, prior to hardening, is compressed by mechanical 

fasteners and is extruded from between the mating metal to metal 

surfaces, at the fasteners. The adhesive therefore fills the air 

voids between mating surfaces but still permits good electrical 

contact at the joint. 

4.11.3.3 Shielding - The cases of all critical units com-

prising the system have been designed to form a continuous 

metallic enclosure with a minimum number of mechanical dis-

continuities, such that the maximum effectiveness of the case 

can be realized for electrostatic and electromagnetic shielding. 

4.11.3.4 

4.11.3.4.1 

Filtering 

Primary Power Line Filters - Primary power line 

filters have been installed in the main power supply. The re-

quired attenuation and design characteristics of these filters 

has been determined from preliminary EMI tests on the breadboard 

units and by interference prediction techniques. Optimum at-

tenuation to achieve specification compliance in accordance 

with the interface requirements was provided. 

4.11.3.4.2 External Command and Control Leads - EMI control 

methods applied with respect to command and control leads con-

sisted of shielding and filtering where required. 

4.11.4 

4.11.4.1 

EMI Test Program 

Requirements - The System is intended to comply 

with the applicable requirements of MIL-I-6181D and MIL-E-6051C 

with exception to those requirements which conflict with the 
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ba~ic Reaper design concepts, however, no formal EMI qualifi

ca~ion tests were required by the customer. 

4.11.4.2 Design Evaluation Tests - Limited EMI design 

evaluation tests have been performed on some engineering model 

co~ponents deemed critical to the EMI performance of the 

S~stem. These limited tests have been performed using the 

measurement techniques of MIL-I-6181D. Reports of the design 

e'aluation tests were prepared as informal documentation. The 

p ime purpose of these reports have been to inform the Program 

Mcinager of the EMI status of the components of the system with 
! 

I 

regard to compliance or non-compliance with the requirements 

o the Reaper Statement of Work, to identify any significant 

p oblem areas, and to recommend improvement changes. 
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The system test program provides a comprehensive 

program of testing piece parts, components, subassemblies, 

assemblies, and subsystems used in the system. The objective 

of the test program is to achieve a high degree of confidence 

that the system will perform satisfactorily over its desired 

life span. 

5.2 Classification of Tests 

The test program consists of the following test 

classifications. 

5.2.1 ReceiVing Inspection 

All functional components and piece parts, pur-

chased or used in the fabrication of the Reaper system, receive 

100% inspection and test. Receiving Acceptance Test Specifica-

tions are provided and all tests are conducted in accordance 

with the specification, using currently dated, calibrated test 

equipment. 

5.2.2 Parts Conditioning 

All piece parts are conditioned and tested in a 

parts conditioning facility, operated as a unit of the Inspec-

tion and Test section of the Reliability and Quality Assurance 

Department. 
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Developmental Testing 

Circuit Testing 

Breadboard tests~ which are conducted to prove de-

sign adequacy, include: temperature tests, input parameter 

va iation tests, and device interchangeability tests. Tempera-

e tests are conducted in all areas where new circuit designs 

ar involved. Parameter variation and device interchangeability 

te ts are conducted where potential problem areas exist. 

Specific design areas where tests are conducted in-

cl de the Digital, IF, RF, and Power Supply areas. Test tem-

pe atures as shown below have evolved through termal analysis 

ai ed at establishing the maximum component operating tempera-

tu es in the final environment. 

RF 

Power Supply 

basic objective of development temperature testing is to 

ve ify circuit designs to temperatures exceeding the expected 

or ital maximum and minimum values by at least 30°F. 

5. .3.2 Structure Testing 

Vibration and shock tests were performed on a 

sa ple of the honeycomb material to test bonding and resonant 

fr quency characteristics. Simulated structures were mounted 

the honeycomb deck with various types of inserts, and the 
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structure was vibrated and shocked to test the adequacy of in-

sert design. 

5.2.3.3 Antenna Testing 

Each antenna design was tested in order to assure 

correct operation and specification compliance as described be-

low: 

a) Circularity (axial ratio) - Data taken as a 

I function of frequency and azimuth and elevation 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

from the boresight axis. 

b) Absolute Gain - Data taken to determine the 

absolute gain of each antenna using swept fre-

quency techniques. 

c) Amplitude Patterns - Data taken and amplitude 

patterns plotted for each antenna as a function 

of azimuth, elevation, and frequency. 

d) VSWR - Data taken on the VSWR characteristics 

of each antenna using swept frequency techniques. 

e) Antenna Array Mockup - Antenna amplitude-pattern 

data taken using mechanical configurations that 

approximate the actual array. 

5.2.3.4 Procured Subassembly Testing 

Developmental tests were performed on two major 

purchased subassemblies; a) the local oscillators and b) the 

core memories. The core memories were tested to acceptance 

levels of shock, vibration, temperature, and vacuum at the 
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verldor!s establishment and, prior 

weJe tested to a 100% operational 
I 

to shipment, the core memories 

Verification test, designed to 
I • 

ex~rclse every core. The LO was fully qualified at the vendor!s 

establishment and was further tested at LTV where it is to be 

stJtessed to end-of-life using qualification test models to 

de~ermine the design margin. 

5.~.4 Subassembly and Assembly Testing 

I The test program for Reaper hardware at the sub-

assembly and assembly level is conducted in two major phases. 

Thj first phase is the individual testing of all subassemblies 

to assure their correct operation prior to integration into an 

as~embly. The second phase is the series of integration tests 

thJt assure the correct operation of the various assemblies 

wh~n they are connected as a system. 
i 

5.~.4.1 

fa1jJrica ti on, 
i 

PItted. 

5·ro4.101 

, 

Phase 1, Subassembly Testing 

Each subassembly is tested as described below after 

assembly, and initial inspection have been com-

IF Subassembly and Assembly Testing 

Each IF subassembly is properly aligned where 

neressary by the selection of passive components (reSistors, 

thrrmistors, etc.) in test. Some subassemblies are connected 

an¢ aligned as a group rather than individually. 

1 
All IF subassemblies are completely tested at tem-

pe atures of +77°F, +165°F and -30°F, measured on the sub-
I 
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assembly chassis. Inputs which simulate actual input parameters 

(including power) are varied over the operating limits and all 

outputs are observed for correct operation. In addition, the 

outputs of the subassembly are monitored for correct operation 

over the temperature range for a selected set of input param-

eters. In the cases where two or more subassemblies are to be 

connected for correct alignment, they are also tested together. 

Each IF subassembly is covered with a protective 

coating after successfully completing the dynamic tests above. 

After the coating has been applied, each subassembly is retest-

ed over the same dynamic test conditions. 

The subassemblies are connected to form the IF 

assembly, and tests are first conducted at room temperature to 

ensure correct operation and then over the test conditions de-

scribed for the IF subassemblies above. Data handler, pre-

amplifier, and power supply inputs to the IF are simulated, and 

the ability of the IF assembly to adjust for boresight is deter-

mined. 

5.2.4.1.2 Data Handler Subassembly and Assembly Testing 

Each card in the Data Handler is tested at room 

temperature by using appropriate logic signal and power inputs 

(varied over the allowable ranges) to ensure correct operation 

of each integrated circuit module on the card. Every input and 

output is monitored. After successfully completing the de-

signated tests, the card is reinspected, covered with a pro-

~ "-------~ 
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tective coating and retested. 

The tested cards are connected in a subassembly and 

tested at -30°F, +77°F and +200°F with the input parameters 

varied over the allowable ranges. All outputs are monitored 

and correct operation is verified. In addition, a selected 

seJ of input signals and power parameters are used and the 

suJassemblY outputs are monitored to check for correct opera

tin as the temperature is varied from -30°F to +200°F. 

The core memories of the Data Handler are construct-

ed and tested as subassemblies. Initial testing involves a 

r06m temperature core test to assure correct operation of each 
I 

co e and associated drivers in each subassembly. The subassembly 

is then operated and tested at -30°F, +77°F and 175°F, measured 

on the housing. 

The Data Handler card rack is periodically inspected 

for construction and good workmanship as it is being wired. 

Up¢ln completion of the wiring, an "all possibility" continuity 

te~t is conducted to assure that every wire specified is correct-
, 

ly connected and that there are no shorts nor other undesired 

co nections between card connections. 

Each of the discrete component cards, integrated 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ci~cuit cards and core memory assemblies are connected and tests I 
ar~ conducted at -30°F, +77°F and +175°F, measured on the hous-

in~ to ens~e correct operation of all Data Handler ~nctions I 
ovi r the complete range of allowable input conditions. Simu- I 

I 
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lated IF inputs and external commands are used in these tests. 

The wiring of the TM subassembly is checked as a 

part of the Data Handler rack wiring. Circuits are tested and 

correct operation is verified as a function of temperature 

from -30°F to +165°F. Where required, thermistor calibration 

is accomplished prior to installation in the system. 

5.2.4.1.3 Power Supply Testing 

Several power supply components require testing at 

a component level. Among the components requiring special tests 

are the following. 

a) Power transformer - turns-ratio test 

b) Switching transistor - Beta matching 

c) Driver transformer - turns-ratio test 

Integrated circuits subassemblies used for power 

supply control are functionally tested at -30°F, +77°F and 

+212°F with inputs varied over the allowable ranges. In addi-

tion," a selected set of input parameters is used and correct 

operation of the control circuits is verified as the tempera-

ture is varied from -30°F to +212°F. The integrated circuit 

cards are covered with a protective coating and retested after 

successful completion of specified tests and inspections. 

The power section, including the rectifiers and 

drivers, is tested as a subassembly at -30°F, +77°F, and +212°F. 

Control inputs are supplied by the previously tested control 

circuits. Correct operation is verified over the allowable 
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ra~ge of all input parameters. Power dissipation of individual 

components is calculated from voltage and current measurements. 

Efficiency of the power section is calculated as a function of 

load, temperature and input voltage variables. 

After the initial tests, the assembly is completed 

(protective coating, inspection, etc.) and retested. 

The reference-source circuits and error-sensor 

are functionally tested at room temperature. Compo-

n nts are selected for temperature compensation and are tempo-

r rily connected to the circuits. Repeated tests over the 

t mperature range are conducted for different selections of 

c mpensation until a satisfactory compensation network is 

The temperature compensation network is then per-

m nently soldered on the circuit board and is inspected before 

a protective coating is applied. It is retested after the 

p otective coating is applied. 

The tested cards and components are then connected 

a an assembly and functionally tested at -30°F, +77°F, and 

+ gO°F, measured on the housing, over its required limits of 

i put voltage and output load. Temperature monitors are used 

t indicate hot spots in the power supply. Input and output 

vlltage and current measurements are made to determine overall 

r gulation and efficiency. Voltage ripple of each output is 

asured with an oscilloscope with particular attention given 

t high frequency spikes caused by the oscillator and input 

. ~ : 
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switching circuits. Requirements of minimum level transients 

are imposed upon the power supply outputs. A test is conducted 

on the power supply to assure correct operation, with no de-

gradation nor failure, in the presence of 30-volt, lO-usec 

pulses on the power input lines. 

5.2.4.1.4 

follows. 

RF Assembly Testing 

The RF section of the RF assembly is tested as 

a) Coupler - Swept-frequency measurements of 

phase tracking, VSWR and coupling are made 

over the RF frequency ranges on the coupler 

at temperatures of -30°F, +77°F and +165°F. 

b) RF Checkout Board (7-Way Divider) - Swept-

c) 

frequency measurements of phase tracking, VSvJR 

and amplitude are made at -30°F, +77°F and 

Bandpass Filter - Swept-frequency measurements 

of phase tracking, insertion loss, amplitude 

rejection and VSWR are made at -30°F, +77°F 

and +165°F. 

d) Main Stripline - Swept-frequency measurements 

of phase tracking, amplitude, noise figure, 

VSWR, bandwidth, and gain are made at -30°F, 

+77°F and +165°F. The system IF preamplifier 

is integrated with the stripline prior to 
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stripline measurement tests. 

e) RF Section Integration - The coupler, checkout 

board, and bandpass filter are connected to the 

stripline and the resulting RF package is func-

tionally tested by performing swept-frequency 

measurements of phase tracking, noise figure, 

amplitude tracking and VSWR at -30°F, +75°F and 

+165°F. In addition, selected input parameters 

are used and phase tracking, noise figure, am-

plitude tracking and VSWR measurements are made 

as the temperature is increased from -30°F to 

+165°F. 

Spurious rejection measurements are made on the 

tna1 Indicate (SI) channels at +77°F. 

fcbllows: 
I 

The LO section of the RF assembly is tested as 

a) Reference Power for D/A Converter - Voltage 

regulation, ripple, including high frequency 

components, and efficiency are measured as a 

function of input voltage variation at -30°F, 

+75°F and +165°F. 

b) Digital-to-Analog Converter - The subassembly 

is tested by using digital inputs of every 

possible combination while measuring the out

put voltage. The tests are conducted at -30°F, 

+75°F and +165°F. After successfully com-

pleting specified tests, the subassembly is 
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reinspected, covered with a protective coating 

and retested. 

c) Current Driver - The current drivers which 

supply current to the local oscillator coils 

are tested by measuring the output current as 

a function of input voltage at temperatures of 

is not added to the current driver at this 

time because of necessary summing resistor 

selection during the driver-LO integration. 

d) Local Oscilla tor Section Integration - Frequency, 

power output, and spurious frequency measure-

ments are made as a function of input current 

at temperatures of -30°F, +75°F and +165°F. 

The LO and its associated drive circuits (D/A 

reference power, D/A converter, and current 

driver) and oven are connected to form the 

Local Oscillator subassembly. Summing resis-

tors are selected as frequency, frequency 

stability and linearity tests are conducted 

over the temperature range. After correct 

operation of the LO subassembly has been veri-

fied, the selected components are permanently 

soldered in place and the current driver is 

covered with a protective coating. Tests are 
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repeated to ensure correct frequency, fre-

quency stability, linearity, and output power 

compliance over the temperature range. 

The RF section and the LO section are integrated 

resulting RF assembly is functionally tested to deter-

mine noise figure, LO accuracy and frequency linearity at 

- OaF, +75°F and +165°F. Phase tracking and spurious rejec-

tion measurements are made at room temperature. In addition, 

t sts are conducted on the RF package using selected input 

p rameters while varying the temperature from -30°F to +165°F. 

A RF outputs are monitored and correct operation of each out-

P is verified. 

5.2.4.1.5 Antenna Tests 

Each antenna is tested in order to ensure correct 

o eration and compliance in the areas listed. 

a) Circularity (axial ratio) - Circularity data 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

is taken as a function of frequency and azimuth I 
and elevation from the boresight axis. 

b) Absolute Gain - Data is taken to determine the 

absolute gain of each antenna using swept-

frequency techniques. 

c) Amplitude Patterns - Data is taken and ampli

tude patterns are plotted for each antenna as 

a function of azimuth, elevation, and frequency. 
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d) VSWR - Data is taken on the VSWR characteris-

tics of each antenna using swept-frequency 

techniques. 

The tested antennas are mounted on the honeycomb 

plate and tested. 

5.2.4.2 

e) Mechanical Boresight - The mechanical boresight 

alignment of each antenna is measured and 

antenna pairs are mechanically aligned. Axial 

alignment of each antenna is fixed in accord-

ance with the data taken in paragraph 5.2.4.1.5a. 

f) Circularity - Circularity tests are conducted 

on each antenna in the array as a function of 

frequency and azimuth and elevation from the 

boresight axis. 

g) Amplitude Patterns - Data is taken and ampli

tude patterns are plotted for each antenna as 

a function of azimuth, elevation, and frequency. 

Phase 2, Integration Testing 

System integration is conducted on a step-by-step 

basis by conducting tests and taking sufficient measurements 

at each assembly interface to assure compatibility and correct 

operation before proceeding to the next step. 

5.2.4.2.1 Power Supply/IF Integration 

The IF assembly is connected to the power supply 

and voltage measurements are made on the IF deck as the power 

Sf!CRf!T 
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supply input is varied from 22.0 VDC to 29.3 VDC. IF outputs 

are monitored and correct operation of .the IF assembly is 

verified. IF outputs are loaded by passive loads to simulate 

the actual loads. 

5~2.4.2.2 Power Supply/DH Integration 

The data handler is connected to the power supply. 

V ltage measurements are made on the data handler as the power 

s pply input voltage is varied from 22.0 VDC to 29.3 VDC. DH 

i puts are simulated and DH outputs are monitored. Correct 

o eration of the DH and power supply assemblies is verified. 

5 2.4.2.3 Power Supply/IF/DH Integration 

The power supply, IF, and DH assemblies are con-

n cted and simulated signals are applied to the IF assembly. 

C mmand and control signals to the DH are simulated. Correct 

o eration of the three assemblies is verified. 

5 2.4.2.4 RF/Antenna 

The RF and antenna assemblies are connected and 

t sts are run to determine correct operation of the integrated 

p ,ir. Mechanical alignment and electrical antenna tests are 

c nducted to determine antenna characteristics as specified in 

p ragraph 5.2.4.1.5e, f, and g. Power inputs are from commer

c al power supplies. RF inputs are phase-controlled signals 

s pplied by the RF console of the STE or RF signals emanating 

f om a dish antenna. 
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All assemblies are connected. Voltage measurements 

are made on each of the assemblies as the input voltage to the 

power supply is varied from 22 VDC to 29.3 VDC. RF input to 

the system is supplied by the STE RF console and commands to 

the system are supplied by the STE command and control console. 

Correct operation of the system (exclusive of the antennas) is 

verified as the DC power and RF input parameters are varied 

over their dynamic range. Telemetry outputs are monitored by 

the STE TIM scanner and correct telemetry voltage output of 

each TM point is verified. 

5.2.4.2.6 System Temperature Test 

The system is subjected to a temperature test with 

test levels equal to those required for the acceptance test 

thermal soak. The test sequence includes a temperature stabi

lization and a performance test at +16o°F and at -30°F. After 

correct system operation at the two temperature extremes has 

been verified, correct performance is verified at room tempera-

ture. 

5.2.4.2.7 Range Integration Tests 

The system is then transported to the range where 

further testing is conducted and necessary range adjustments 

are made. 
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Qualification Test 

The qualification test consisted of environmental 

tests and range performance tests as described in the follow-

ing paragraphs. 

5.2.5.1 

5.2.5.2 

Qualification Environmental Test 

a) Sinusoidal Vibration - 1 g rms from 10 to 

2000 cps with a duration of 2 minutes/octave 

in each of 3 axes. 

b) Random Vibration - 20.2 g rms overall for 

3 minutes/axis. 

c) Pyrotechnic Shock - As shown in Figure 5.2-1 

in each of three axes. 

d) Thermal Cycle - +160°F at less than 10-5 torr 

pressure for 12 hours and then at -30°F at 

less than 10-5 torr pressure for 12 hours. 

e) Thermal Soak - +160°F for 20 hours after 

stabilization and then -30°F for 20 hours 

after stabilization. 

Range Performance Test 

A range performance test was performed to provide 

verification of system performance. 

5 2.5.2.1 Payload/Vehicle Interface Compatibility 

The payload/vehicle interface compatibility was 

VErified with tests of the following functions. 

. t 

a) Input Power 

b) Telemetry Data Output 
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Figure 5.2-1. Pyrotechnic Shock Response Spectrum (Q-IO) 
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c) 

d) 

e) 

f) 

g) 

h) 

i) 
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Digital Data Output 

Analog Data Output 

Payload Commands 

Memory Loading 

Vehicle Clock Input 

Vehicle Attitude Input 

RF Signal Insertion 

EOB Functional Operation 

The Electronic Order of Battle (EOB) functional 

o eration was verified with tests of the following functions. 

a) LO Dwell Time and Scan Time 

b) Partial Scan 

c) Confirm Bandwidth 

d) Operational Frequency Range 

e) Phase Field-of-View 

f) Amplitude Inhibit Circle 

g) Sensitivity Versus Frequency 

h) Sensitivity Variations by Command 

i) Dynamic Range 

j) Space Window 

k) Interleaved Pulse Train 

1) CW Operation 

m) CW Plus Pulse Train 

n) Ambiguity Resolution 

0) Amplitude Poke through 
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p) RF Calibrator 
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5.2.5.2.3 EOB Parameter Measurement Accuracies 

The EOB parameter measurement accuracies were 

verified with tests of the following functions. 

a) Pulse Width 

b) Pulse Repetition Interval 

c) Signal Amplitude 

d) Frequency 

e) Location 

5.2.5.2.4 TI Functional Operation 

The Technical-Intelligence (TI) operation was 

verified with tests of the following functions. 

a) Recognizer Operation 

b) Predetection Data 

c) Marker Words 

5.2.5.2.5 TIMeasurement Capabilities 

The TI measurement capabilities were verified with 

tests of the following functions. 

a) Pulse Width 

b) Bandwidth 

c) Amplitude 

5.2.6 Acceptance Test 

An acceptance test is performed on each FM system. 

The acceptance test consists of environmental tests and range 

performance tests as described in the following paragraphs. 
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Acceptance Environmental Test 

a) Random Vibration - 10.2 g rms overall for 

3 minutes/axis. 

b) Thermal Soak - +160°F for 20 hours after 

stabilization and then -30°F for 20 hours 

after stabilization. 

c) Vacuum - Less than 10-5 torr pressure for 

12 hours. 

Range Performance Test 

Following acceptance environmental test, the range 

p rformance test is repeated. This range test is essentially 

same as described in paragraph 5.2.5.2. 

5 3 Documentation 

LTVE documents that specify the test procedures 

u ed in performing the subassembly tests, the assembly tests, 

t e integration tests, the pre-qualification tests, the 

q alification tests, the pre-acceptance tests, and the accept-

a ce tests are listed in Table 5.3-1. 
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TABLE 5.3-1 

TEST PROCEDURES 

TITLE 

System Test Procedures 

52000-R500 
Page 575 

Reaper Acceptance Test Procedure 

Reaper Pre-Acceptance Test Procedure 

Reaper Qualification Test Procedure 

Reaper Pre-Qualification Test Procedure 

Reaper Final Integration Test Procedure 

Integration Test Procedures 

RF/IF/Power Supply Integration Procedure 

RF/Antenna Integration Procedure 

RF Subsystem Integration Procedure 

Data Handler Integration Procedure 

RF Section Assembly and Subassembly Test Procedures 

4124-11170 

4124-11171 

4124-11022 

4124-11020 

4124-11134 

4124-11019 

4124-11023 

4124-13107 

4124-11008 

High Band Antenna Test Procedure 

Low Band Antenna Test Procedure 

RFCO Board Test Procedure 

RF Filter Test Procedure 

RFTSG Test Procedure 

20 db Coupler Test Procedure 

Stripline Subassembly Test Procedure 

Diode and Holder Test Procedure 

Preamp Test Procedure 
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124-11007 

124-11056 

124-11106 

124-11047 

124-11046 

124-11045 

124-11048 

124-11049 
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TABLE 5.3-1 (Continued) 

TEST PROCEDURES 

TITLE 

Preamp Switch Test Procedure 

Signal Combiner Test Procedure 

Local Oscillator Subassembly Test Pro
cedure 

9-Bit DIA Test Procedure 

8-Bit DIA Test Procedure 

Reference Regulator Test Procedure 

Low Band Current Driver Test Procedure 

High Band Current Driver Test Procedure 

IF Section Assembly and Subassembly Test Procedure 

124-11096 

124-11010 

124-11013 

124-11011 

,124-11015 

IF Subsystem Test Procedure 

Phase Channel Test Procedure 

Log IF Test Procedure 

Frequency Confirm Test Procedure 

SI Generator Test Procedure 

AID Converter Test Procedure 

Amplitude Ratio Test Procedure 

Real/Image Test Procedure 

IF Hybrid Test Procedure 

124-11017 

124-11014 

124-11016 

124-11057 

124-11018 

124-11009 

Recognizer Threshold Test Procedure 

Pre-Detector Test Procedure 

50X1 
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TABLE 5.3-1 (Continued) 

TEST PROCEDURES 

TITLE 
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Power Supply Assembly and Subassembly Test Procedure 

Power Supply Subsystem Test Procedure 

Switch Assembly Test Procedure 

Regulator/Distribution Assembly Test 
Procedure 

Recognizer Assembly and Subassembly Test Procedure 

4124-11167 

4124-11103 

4124-11105 

4124-11107 

4124-11104 

4124-11110 

4124-11108 

4124-11139 

Lf124-11101 

4124-11102 

4124-11111 

4124-11113 

4124-11116 

4124-11138 

Recognizer Rack Test Procedure 

Recognizer Programmer Test Procedure 

Turn-On Control Test Procedure 

Frequency Limit Comparator Test Procedure 

Pulse Width Limit Comparator Test Proce
dure 

Record Mode Control Test Procedure 

PRI Limit Comparator Test Procedure 

PRI Buffer Test Procedure 

Recognizer Memory Logic Test Procedure 

Memory Logic A Test Procedure 

Memory Logic B Test Procedure 

Memory Logic C & D Test Procedure 

Memory Logic E & F Test Procedure 

Memory Logic G & H Test Procedure 

Memory Logic J Test Procedure 
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LTiVE NUMBER 
i 

4i124-11168 

I Memory 

41124-11024 

4124-11032 

4124-11030 

4124-11025 

124-11026 

'124-11027 

124-11028 

124-11029 

124-11120 

'124-11031 

124-11121 

124-11033 

124-11034 

124-11035 
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TABLE 5.3-1 (Continued) 

TEST PROCEDURES 

TITLE 

Discrete Component Interface Test Proce
dure 

Assembly and Subassembly Test Procedure 

Buffer Storage Assembly Test Procedure 

SWI Memory Test Procedure 

Recognizer Memory Test Procedure 

Buffer Storage Z Driver #1 Test Procedure 

Buffer Storage Strobe Driver #2 Test Pro
cedure 

Buffer Storage Sense Amp #5 Test Proce
dure 

X & Y Driver #3 Test Procedure 

X & Y Switch #4 Test Procedure 

Buffer Storage Sense Amp #6 Test Proce
dure 

Recognizer Sense Amp #5 Test Procedure 

Recognizer Z Driver Test Procedure 

SWI Z Driver #1 Test Procedure 

SWI Stobe Driver #2 Test Procedure 

SWI Sense Amp #5 Test Procedure 

Relay and TIM Assembly Test Procedure 

Relay Assembly Test Procedure 

TIM Assembly Test Procedure 

SECRET 
SPECIAL J.lANDLIN8 

Approved for Release: 2017/08/16 C05099935 

50X1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

LTVE NUMBER 

Approved for Release: 2017/08/16 C05099935 .... -....... , .... 
SPECIAL HANDLING 

TABLE 5.3-1 (Continued) 

TEST PROCEDURES 

TITLE 

52000-R500 
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Data Handler Assembly and Subassembly Test Procedure 

4124-11157 

4124-11059 

4124-11060 

4124-11061 

4124-11062 

4124-11161 

4124-11083 

4124-11084 

4124-11088 

4124-11085 

4124-11070 

4124-11066 

4124-11065 

4124-11135 

4124-11092 

4124-11094 

4124-11136 

Data Handler Rack Test Procedure 

Coder/Combiner Subassembly Test Procedure 

Coder/Combiner A Test Procedure 

Coder/Combiner B Test Procedure 

Coder/Combiner C Test Procedure 

Coder/Combiner D Test Procedure 

SWI Subassembly Test Procedure 

SWI A Test Procedure 

SWI B Test Procedure 

SWI C Test Procedure 

SWI D Test Procedure 

Clock/Pulse Width Subassembly Test Pro
cedure 

Clock Oscillator Test Procedure 

Clock Logic Test Procedure 

Pulse Width Encoder Test Procedure 

Marker Generator Subassembly Test Pro
cedure 

Marker Generator A & B Test Procedure 

Marker Generator C & D Test Procedure 

Scan Control Subassembly Test Procedure 
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4124-11089 

41124-11091 

~124-11069 

124-11068 

4124-11126 

124-11028 

124-11073 

124-11071 

124-11098 

124-11063 

124-11137 

124-11140 

124-11078 

124-11086 

124-11087 

124-11074 

124-11077 

124-11080 
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TABLE 5.3-1 (Continued) 

TEST PROCEDURES 

TITLE 

Control A & B Test Procedure 

Control LO Counter Test Procedure 

Programmer A & B Test Procedure 

Programmer C & D Test Procedure 

Programmer E Test Procedure 

Programmer F Test Procedure 

Isolation Buffers A & B Test Procedure 

PRI Encoder Buffers Test Procedure 

PRI Encoder A Test Procedure 

Time Reset/Encoder-Calibrator Test Pro
cedure 

Interface A Test Procedure 

A & B Encoder Test Procedure 

LO & PS/K Interface Test Procedure 

Buffer Storage Subassembly Test Procedure 

Bit/Search Counter Test Procedure 

Memory Driver A & B Test Procedure 

XY Selector Logic Test Procedure 

Input Gating A & B Test Procedure 

Interface Logic A & B Test Procedure 

Input Gate Control and Section Counter 
Test Procedure 
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TABLE 5.3-1 (Continued) 

TES T PR 0 CED URES 

TITLE 
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Command Logic A & B Test Procedure 

BS Output Register & Word Counter Test 
Procedure 
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6.) BILITY PROGRAM 
~----------~------~~---

6.1 Introduction 

This section summarizes the major activities of 
I 

thr reliability program and presents numerical reliability 

va~ues for the system in different modes of operation. 

6.k 
! 

Reliability Requirements 

The primary elements of the reliability program 

as follows: 

1) Parts Program 

2) Design Reviews 

3) Subcontractor Control 

4) Limited Life Items 

5) Trouble and Failure Reporting 

6) Log Books 

7) Reliability and Quality Assurance Interfaces 

Reference Documents 

LTV Document No. 52000-R4oo Black Hawk Reliability 

Program Plan 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

LTV Document No. 52000-R401 
I 

General Procedure for 

Reliability Screening I 

LTV Document No. 53000-R368 

5 E C R ET 
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and Conditioning of 

Electrical and Elec-

tronic Parts 

Standard for Parts 

Selection and Ap-

plication 
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6.3 Reliability Implementation 
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The following reliability activities were im-

plemented to assure the most reliable design within the limita-

tions of weight, volume, schedule and cost. 

6.3.1 Parts Control 

The parts control program consisted of three major 

phases, these being parts selection, parts application and 

parts conditioning. 

6.3.1.1 Parts Selection - The primary document used to 

control parts selection was LTV Electrosystems, Inc., Document 

No. 53000-R368, tlStandard for Parts Selection and Application". 

This document lists preferred types of common electronic parts 

that either by previous military usage and/or by previous LTV 

Electrosystems, Inc., usage have demonstrated high inherent 

reliability. In many instances the design engineer is directed 

to use a particular part as described by the applicable MIL-

Standard. 

In other instances, notable in the case of trans-

istors and diodes, the design engineer is directed to use 

devices described by the applicable LTV Electrosystems, Inc., 

Specification Control Drawing (SCD). These transistor and 

diode SCD's in many instances require that the devices meet 

X-ray, visual, acceleration and leak test requirements in 

addition to meeting all of the requirements of the applicable 

1 I 
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There is another large group of parts that are 

Y by SCD. vJi thin this group are such items as 

50X1 

integrated circuits, the newer type diodes and transistors and 

otter miscellaneous components that have no military equivalent. 

6.3.1.2 Parts Application - Document No. 53000-R368 also 

co tains general rules for the reliable application of piece 

ts. Design goal derating factors are specified for the 

us of the particular part type. Normally this design goal 

rating is 10 percent of the vendor's rating. There is also an 

approved derating for each part, normally 25 percent of vendor 

rating. For each individual application where the applied 

stress level exceeds the approved stress level the application 

t be approved by Special Projects Reliability Engineering. 

6 .. 1.3 Parts Conditioning - LTV Electrosystems, Inc., has 

facility for aging and screening of parts destined for 

uSi in future production units. This operation is described 

inlmore detail in LYv Document No. 52000-R401 and documents 

re erenced therein. The primary objective of the parts con

dii ioning activity is to increase the inherent reliability of 
I 

thb system by eliminating those parts that are initially de-

fective or marginal and those parts that show a marked tendency 

t9 drift with usage. 

Design Reviews 

All electronic and mechanical designs were re-

v ewed and signed by Reliability Engineers prior to release. 

J 
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The electronic design reviews were conducted to determine that 

all parts used were approved parts, that all parts were adequate

ly derated, and that the circuitry was inherently reliable. 

The mechanical design reviews consisted of a review of all art-

work, module construction, interconnection of various subas-

semblies, and all mounting structures. These design reviews 

were conducted to assure that the inherent reliability of the 

electronic circuitry was not degraded by poor mechanical de-

sign. 

6.3.3 Subcontractor Control 

Reliability requirements have been placed directly 

on the component part manufacturers in many instances through 

the requirements as specified on various SCDs. In addition to 

the control of vendor parts, Reliability and Quality Assurance 

has closely monitored subassembly subcontractors through the 

process of electrical and mechanical design reviews such as 

were conducted on equipment designed and constructed at our 

own facilities. Additionally, reliability engineers have 

visited the facilities of subcontractors in order to closer 

monitor the subcontractor activities and to instill in sub-

contractor personnel the importance of the reliability require-

ments of the particular subassembly. 

6.3.4 Limited Life Items 

There are no parts used in the system that have 

an anticipated wear out prior to end of life of the equipment. 
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Thl~~~~~~e relays used in the system that are expected to 

wear out after a certain number of cycles; however, when the 

relay use cycle is considered, it is easily determined that 

wear-out will not occur until long after the anticipated life 

o the system. 

6.3.5 Trouble and Failure Reporting 

The trouble and failure reporting (TFR) system 

d scribed in Section 4.6 of 52000-R4oo is in operation. At 

all TFR records are being maintained by reliability 

As applicable, the information obtained on TFR 

f llow-up is being fed back into system design to remove all 

p ssibility of certain type failures. Beginning with STM 

q alification testing, all critical TFRs will be reported in a 

m malfunction report as required by 52000-R4oo. 

The TFRs being processed at this time are forming 

a background of history to be drawn upon in the evaluation of 

f ilures and discrepancies reported on future production equip-

m nt. 

6 3.6 Log Books 

Each system will have log books that will be used 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

t record system operating time, system performance data, system I 
f ilures and malfunctions and system repairs. These log books, 

c ming into existence at the time the parts are assembled into 

a system, along with the TFR records and the Quality Assurance 
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assembly, inspection and test records T0Jill constitute a complete 

history of each system. 

Reliability and Quality Assurance Interfaces 

With the emphasis on high inherent reliability, 

the activities of the Special Projects Reliability Engineering 

has extended into certain areas that are related to Quality 

Assurance or Quality Control. The primary areas of interface 

being manufacturing control, parts storage and control, and unit 

and subassembly testing. One of this group of activities is 

the requirement that all Material Review actions require the 

signature of a reliability specialist in addition to Quality 

Assurance and Engineering Design signatures. 

6.4 Reliability Estimate 

Operating and non-operating failure rates have been 

assigned to each component part within the system. The operat-

ing failure rates reflect the stresses applied to each part as 

was determined during the electrical design review as described 

in paragraph 6.3.2. The failure rates used in this estimate 

are lower than those found in MIL-HDBK-217 and similar publica-

tions for two reasons: First, technological advances in part 

manufacturing have produced parts of greater inherent re-

liability and second, the screening and conditioning of parts 

as described in paragraph 6.3.1.3 has removed the marginal and 

unstable parts from the system. Therefore, the failure rates 

used in this estimate closely follow the failure rates obtained 

on the Minuteman and other high reliability progra~ms. 
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odule Failure Rates 

Table 6.4-1 Module Failure Rates, tabulates by 

ma<or modules the system failure rate attributable to each 

ma or module. In each instance there is an operating and non-

op rating failure rate assigned to the module. In addition to 

th piece-part failure rate, this failure rate includes a 

fa lure rate for the solder and weld junctions within that 

mo:lule. 

6.-1-.2 Reliability Diagram 

The reliability diagram, Figure 6.4-1, shows the 

modules of Table 6.4-1 grouped into six major blocks with sub-

block within some major blocks. The failure rate shown in the 

block is the operating failure rate. 

6.4.3 System MTBF 

From the classical reliability prediction stand-

pcint, all components within the system are in a series con-

figuration. On this basis, the system has an operating MTBF 

of 3270 hours and a non-operating (storage) MTBF of 14,800 hours. 

Tris prediction is based on the assumptions that all failures 

cEuse catastrophic failure of the system. This is pessimistic 

a~ all systems have items such as decoupling capacitors which 

c(uld fail in the open mode causing increased noise within the 

s;sstem but not complete system failure. 
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FAILURE RATES -

PART FAILURES PER 
MODULE NUMBER 

DIA Converter 18100 

LO Oven 15000 

RF Syst. Ca1ibrator 14200 

Preamp Switch (2 ea) 16100 

Signa1 Combiner 16200 

IF Preamp No. 2 (2 ea) 13500 

IF Preamp No. 1 (14 ea) 13300 

RIA Thresho1d 59500 

TTS Converter #1 58000 

TTS Converter #2 58500 

Hybrid 
! 

59000 

IF Phase Channe1 (3 ea) 51000 

IF Phase Channe1 No. 2 51100 

Frequency Confirm 57000 

AID Converter I 54000 
I 

Log IF (2 ea) 56000 

SI Generator 55000 

R/I Logic 53000 

Amp1itude Ratio 52000 

Power Distribution Assy. 65500 

Povler Supp1y 65000 

SECRET 
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5,025.1 

3,449.8 

1,099.4 

136.4 

5,423.7 

1,701.2 

11,981. 2 

1,923.8 

4,958.2 

1,383.2 

1,578.8 

29,916.0 

9,977·3 

8,233.8 

12,117·9 

8,817.8 

6,431.1 

5,300.2 

5,159·3 

5,570.6 

7,664.4 
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HOURS 
NON-OPERATING 

855.0 

445.8 

128.0 

36.8 

451. 6 

122.8 

865.2 

278.8 

568.8 

117·5 

108.0 

2,568.9 

856.8 

625.6 

1,496.9 

873.4 

630.0 

568.8 

500.7 

970.3 

1,312.2 
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I 
TABLE 6.4-1 MODULE FAILURE HATES 

I 

MODULE 

BUffer Storage 

EeC~gniZer Memory 

SWI: Memory 

Eelky Assembly 

Datl Handler 
i 

I 
Da~a Handler No. 2 

TIM Assembly 

F AIDJRE RATES 

PAET FAILUEES PEE 1:::9 HOUES 
I'JUMBEE OPE HATING 1WI\j -u.t'.l:!. RA 'lll\ G. 

60000 20,392.4 

61000 12,748.2 

62000 15,424.1 

66000 5,563.0 

64000 78,893.9 

63000 28,766.9 

68000 6,077.9 

TOTAL 305,715.6 
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The system has five major operational modes, these I 
be~ng (~) normal (EOB) data processing, (2) normal (EOB/TI) data 

prbcesslng, (3) recognizer memory load, (4) partial scan memory I 
d and (5) memory readout. These operational modes are de

ibed in Sections 2.0 and 3.0 of this report. Probability of 

s rvival calculations will be made for the first two modes of 

operation. No calculations were made for the last three modes 

as these modes are an essential part of the second mode. 

6.4.4.1 Mode 1 Probability of Survival - The following 

u its and cards are not used in Mode 1: 

1) 61009,Recognizer Memory 

2) 63000, Data Handler #2 

3) 68000, TIM Assembly 

41 64240, Scan Control 
I 

5) 6l.i 249, ps/K Interface 

6) 64328, Scan Control A and B 

7) Part of 66000, Relay Assembly 

These units and cards contribute 54,132.9 failures 

X 10-9 6 8 4 hours to the operating failure rate and 1 ,09. failures 

x 10-9 hours to the non-operating failure rate. This leaves a 

t tal operating failure rate of 251,582.27 failures x 10-9 

h and a non-operating failure rate of 51,347.0 failures 

x 10-9 hours. 
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The maximum duty cycle for the system is 30 min-

utes of operation during each 95-minute orbit. This will give 

an average failure rate of 114,579.4 failures x 10- 9 hours, 

which is 30/95ths of the operating failure rate and 65/95ths of 

the non-operating failure rate. The probability of system sur-

vival for time T is calculated from the classical reliability 

equation. 

where 

- AT Ps = e 

Ps = probability of success 

e = base of natural logarithmic system 

A = predicted failure rate (per hour) 

T = mission duration in hours 

Figure &~2 is a plot of this equation for a period of one year. 

6.4.4.2 Mode 2 Probability of Success - The only unit not 

essential to Mode 2 operation is the 68000 module. This leaves 

a total operating failure rate of 299,637.7 failures x 10-9 

hours and a non-operating failure rate of 66,616.3 failures x 

10-9 hours. The average failure rate for this mode is 140,202.0 

failures x 10- 9 hours. Figure 6.4-3 is a plot of the probability 

of Mode 2 operation for a period of one year. 

6.5 Summary and Conclusions 

Among the many factors that influence the inherent 

reliability of an equipment are parts selection, parts applica-

tion, circuit design, packaging, manufacturing and final test-
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ing. When all of these factors have been carefully controlled 

the inherent reliability of an equipment is then directly a 

function of the complexity of the equipment with the applica

ti¢n of redundancy the only remaining method of improving 

reliability. 

I Weight and power limitations prohibit the use of 

widespread redundancy within the system and the equally likely 

failure of so many different modules within the system negates 

localized redundancy. 

Of the six factors mentioned above, all but two 

haye already been discussed. These two are circuit design and 

final testing. 

Many of the circuits used in this system are iden-

tical to circuits used in other systems that have demonstrated 

supcessful operation to show that they were reliable even with

out the use of conditioned parts. The use of the conditioned 

Pja!rts should extend the useful life of these circuits beyond 

t e required mission duration. 

There is some new circuitry and some innovations 

usled in this system that are unproven in actual flight vehicles 

ai this time. Notable in this area is the use of the solid 

s ate local oscillator. Although this device has no previous 

flight history, it was chosen for its simplicity and apparent 

h·gh inherent reliability when compared with the reliability of 

a jmore complex, older type local oscillator. 

~--------------~ 
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Testing in itself will not induce an otherwise un-

reliable equipment to be reliable. However, extensive testing 

has been and will continue to be conducted on the system and 

will establish that the design and the manufacturing process 

have combined to produce a system with high inherent reliability 

over the specified operating range. 
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The ground support equipment for the Reaper system 

is required to provide the capability for system checkout and 

ad ustment in a laboratory environment. The equipment includes 

1) a system holding fixture, 2) cables and connections required 

to operate the system, 3) a Command and Control Console, 4) a 

printer, 5) a Data Acquisition Console, 6) an RF Console, 

7) a payload positioner and positioner control for range tests, 

an 8) a Range test facility for conducting the detailed system 

pe formance tests. 

7. Functional Description 

The primary function of the Ground Support Equip-

me t is to provide a means of complete verification of the 

pe formance of the Reaper system. This verification is accom-

pI shed by conducting the following tests: 

1) System Environmental Tests - These tests re-

quire the use of the Ground Support Equipment 

during the functional tests that are performed 

to determine the effect of the environmental 

conditions imposed upon the Reaper system. 

2) Range Performance Tests - These tests require 

the use of the three consoles, the line printer, 

and the Range Test Facility for complete veri-

fication of the system performance. 

SECRET 
SP~CIAl UANDlIN6 

Appro"-E3d for Release: 2017/08/16 C05099935 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Approved for Release: 2017/08/16 C05099935 

~'----------'--'----,i p r; CI ,In -H' AND LI N G 

52000-R500 
Page 599 

3) Simulated Flight Tests - These tests are con

ducted by the Integrating Contractor during 

integration of the system and orbital vehicle. 

To support these tests, the Ground Support Equip

ment provides the functions described in the following para

graphs. 

7.1.1 Power Control 

The Power Control Panel (Figure 7.1-1) is a part 

of the Command and Control Console. This panel provides con-

trol of power to the console and to the system, monitoring of 

the system main and auxiliary current and voltage, and accumu-

lates operating time for the system. Voltage is adjustable 

over a range that is determined by the setting of the Lambda 

103 power supply. Normally the range is 19 to 36 VDC. This 

adjustrre nt controls both the system auxiliary voltage input 

level and the system main voltage level input. 

Auxiliary current is monitored on a 0 to 5 ampere 

current meter that contains an adjustable upper limit control. 

If the upper limit of current is exceeded J both the auxiliary 

and main power will be turned off and a visual and an audible 

alarm will be initiated. The elapsed time meter that provides 

auxiliary power-on time in hours and tenths of hours, is 

turned off when the auxiliary power to the system is turned 

off. 
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FIGURE 7.1-1 POvJER CONTROL PANEL 
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Main current is monitored on a 0 to 15 ampere 

current meter that contains an adjustable upper limit control. 

If the upper limit of main current is exceeded J the system 

main power will be turned off and a visual and audible alarm 

will be initiated. The elapsed time meter that provides main 

power-on time in hours and tenths of hours J is turned off when 

the main power to the system is turned off. 

In case of an "excessive current cutoff!! a reset 

switch restores power to the payload. This reset switch is 

also used to initially apply power if the System Power switch 

is actuated prior to actuating the Console Power switch. 

7.1.2 Command and Control 

The C&C (Command and Control) panel is a part of 

the Command and Control Console. See Figure 7.1-2. This 

panel is the source of all system commands J attitude inputs, 

change frequency controls, Time inputs, and DSU status con-

trols. 

7.1.2.1 Normal Stored Program Commands 

Forty-eight of the 60 payload commands are con

trolled by the NSPC (Normal Stored Program Command) section 

of the C&C panel. Eight electrically interlocked switches 

(Command Select) and eight momentary action switches (Command 

Operate) are utilized in a matrix to issue the 48 commands. 

Table 7.1-1 gives the switch combinations required to issue 

the payload commands. The commands controlled by the command 
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TABLE 7.1-1 

NSPC COMMANDS 

P/L 
COMMAND COMMAND 
NUMBER FUNCTION 

Rll Payload On 

R13 Readin On 

- Not Used 

- VSPC Enter 

- Enable Rec & PS R/O 

R51 Enable Rec & PS R/O 

R14 Readin Ofr 

R12 Payload Orf 

R18 Disable Memories 

R19 Disable FOV Inhibit 

(GSE Cmd.) 

R20 Disable Tmin Confirm 

R21 Disable Tmax Inhibit 

R22 Disable A/R Inhibit 

R23 Disable Real/Image Confirm 

R24 Disable PW Confirm 

R25 Disable Freq. Confirm 

R15 Disable Upper Freq. Band 

R16 Disable Lower Freq. Band 

R27 Disable CW - SI 

R29 Disable Rec. Buffer 

SECRET 
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TABLE 7.1-1 (Continued) 

NSPC COMMANDS 

P/L 
COMMAl\TD COMMAND 
NUMBER FUNCTION 

R50 Disable Rec & PS R/I 

R32 Disable RF Calibrator 

R52 Disable Rec/PS R/O 

50X1 

R26 Reset Cmd Sel B Disables 
(Reset R18 through R25) 

R17 Enable Upper & Lower Freq. 
Bands 

R28 Enable CW - SI 

R30 Enable Rec Buffer 

R31 Enable RF Calibrator 

- Enable Rec. 
Command) 

Input Mode (GSE 

Enable PS Input Mode (GSv, (;mrl' 

R49 Enable Rec. Input Mode 

R61 Enable PS Input 

R34 Disable Rec 

R36 Disable Rec 

R38 Disable Rec 

R40 Disable Rec 

R42 Disable Rec 

R44 Disable Rec 

R46 Disable Rec 

5 E C R ET 
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TABLE 7.1-1 (Continued) 

NSPC COMf'lIANDS 

P/L 
COMMAND COMMAND 
NUMBER FUNCTION 

R48 Disable Rec Set H 

R33 Enable Rec Set A 

R35 Enable Rec Set B 

R37 Enable Rec Set C 

R39 Enable Rec Set D 

R4l Enable Rec Set E 

R43 Enable Rec Set F 

R45 Enable Rec Set G 

R47 Enable Rec Set H 

R53 Rec Threshold Bit 

R54 Rec Threshold Bit 

- Not Used 

R58 Time Reset 

- Not Used 

- Not Used 

R62 Rec Threshold Bit 

R63 Rec Threshold Bit 

- Not Used 

- Not Used 

- Not Used 
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TABLE 7.1-1 (Continued) 

NSPC COMMANDS 

P/L 
COMMAND COMMAND 
NUMBER FUNCTION 

- Not Used 

- Not Used 

- Not Used 

- Not Used 

- Not Used 
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select switches are grouped in categories to provide an effi-

cient commanding system. The groups (or categories) are as 

follows: 

1) Command Select A - These commands place the 

system in operation or turn it off. Also the 

Recognizer/Partial Scan Memory readout is con-

trolled. 

2) Command Select B - These commands basically 

control the system confirm-inhibit logic. 

3) Command Select C - These commands are system 

function disables. Also the reset command for 

the confirm-inhibit disable commands is pro-

vided. 

4) Command Select D - These commands are basically 

the enable commands for those functions dis-

abled by command select C. 

5) Command Select E - These commands are the 

recognizer memory set disables. 

6) Command Select F - These commands are the 

recognizer memory set enables. 

7) Command Select G - These commands provide con

trol of the recognizer threshold and provide 

a time reset for the system time accumulator. 

8) Command Select H - These are unused to allow 

for expansion. 
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.ing of commands prohibits issuing conflicting commands 

(enable, disable) simultaneously except for the case of placing 

the system in operation; in which case it might be desirable to 

hav~ the capability of immediately turning the system off. 

7 .11. 2.2 Variable Stored Program Commands 

I Twelve of the 60 payload coroJrlands are controlled 

by ~he VSPC (Variable Stored Program Command) section of the 

c&cl panel. Six alternate action switches are used to program 

six parallel entry commands to the system. Each switch is 

labeled "Send 1," "Send 0, Il "Rcvd 1," and "Rcvd 0." Switch 

operation causes either the Send 1 or Send 0 to be set up. 

An entry into the system is initiated by a command from the 

NS C section (Com..mand Select A, Command Operate 4). Table 7.1-2 

gi switch positions required to issue the 12 payload 

co ands. 

7 .. 2.3 Command Status Display 

1 

Status of the 48 payload commands issued through 

GSE NSPC function is displayed on 27 lamps on the C&C panel. 

status of each command is in the state indicated on the 

when the lamp is lighted. Status of the 12 payload 

ands issued through the GSE VSPC function is indicated by 

"Rcvd III and !!Rcvd Oil VSPC switch lamps. These lamps are 

hted by monitoring the TIM lines out of the payload and 

hting the appropriate lamps indicating what commands the 

received. 
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VSPC 
SWITCH 

NO. 

1 

1 

2 

2 

3 

3 

4 

4 

5 

5 

6 

6 

SWITCH 
POSITION 

"1" 

"Oil 

"1" 

"O!! 

"ll! 

"0" 

"1" 

110" 

"1" 

"0" 

"1" 

"Oll 
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VSPC COMMANDS 

P/L 
CO:MMAND 
NUMBER 

COMMAND 
FUNCTION 
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Rl Increase Dwell Time 

R2 Decrease Dwell Time 

R9 Recognizer Enable 

RIO Recognizer Disable 

R5 Threshold Control A 

R6 Threshold Control A 

R7 Threshold Control B 

R8 Threshold Control B 

R3 Partial Scan A On 

R4 Partial Scan A Off 

R59 Partial Scan B On 

R60 Partial Scan B Off 
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Attitude Voltage 

Attitude voltage (Pitch and Roll) supplied to the 

system is controlled on the C&C panel. The pitch and roll 

voltage is controlled by a selector switch to provide the 

following voltages: 

a) Pitch and Roll both variable between +11 volts 

and -11 volts. 

b) Pitch fixed at -11 volts, Roll variable be

tween +11 volts and -11 volts. 

c) Pitch variable between +11 volts and -11 volts, 

Roll fixed at +9.92 + .78 volts. 

d) Pitch fixed at +9.92 + .78 volts, Roll vari

able between +11 volts and -11 volts. 

e) Pitch variable between +11 volts and -11 volts, 

Roll fixed at -11 volts. 

A "Lost Horizon" signal can also be supplied to the 

tem by the C&C panel. 

7.1.2.5 

I 

I 

Time 

The time signal input to the system is controlled 

o~ the C&C panel. The GSE provides a choice between a fixed 

8 ~PS signal to the payload and an external time signal input. 

Erernal 
I 

I 

input pulses must have the following 

Source Impedance 50 ohms 

Input Voltage 1.0 to 4.0 

Rise Time 0.4 to 0.5 
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Pulse Width 10 + 5 usec 

Frequency 

7.1.2.6 DSU Status 
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A lamp on the C&C panel indicates when the system 

has requested the use of a DSU. A DSU available signal control 

switch on the C&C panel allows an operator to provide the avail

able signal to the system. 

The C&C panel also provides control of the five DSU 

status bits into the system. The status bits are as follows: 

Switch Function 
No. 

1 Thresher Recognizer Enable/Disable 

2 Reaper Recognizer Enable/Disable 

3 DSU R/r 

4 Reaper DSU Select 

5 DSU Steady State Actuate 

7.1.2.7 Charg e Frequency Command 

The C&C panel provides control and monitoring of 

the system local oscillator, either for automatic operation 

or manual operation. With automatic CFC (Change Frequency 

Command) selected, the system utilizes its own internally 

generated CFC pulses. With manual CFC selected, the system 

internal CFC pulses are inhibited and pulses are entered into 

the system by operation of the manual switch. The number of 

pulses entered into the system per operation of the manual 

switch may be selected by the operator. This selection pro-
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vid~s 1, 2, 4, 8, 16, 32, 64, or 128 local oscillator steps 

for each manual switch operation. Also, the operator may 
I 

chobse to select any of the Reaper local oscillator frequency 

s by setting in the ten-bit code of the local oscillator 

desired. Ten lamps are provided which monitor the system 

local oscillator frequency telemetry lines. In the local 

oscillator frequency select mode, CFC pulses are sent to the 

system until the local oscillator readout exactly matches the 

se frequency. When the match is made, the CFC pulses 

st the system remains on the selected frequency. 

7 .. 3 Data Monitoring 

System data monitoring is provided by the command 

an control console. The following types of data are available 

fr payload for monitoring: 

7. .3.1 

a) EOB Data - 182 bit digital 

b) Status Words - 182 bit digital 

c) Marker \fJords - 48 bit digital 

d) Pre-Detected Data - 0.5 MHz to 5.5 1lliz Analog 

e) Telemetry Data - Analog voltages and discrete 
levels 

EOB Data Monitoring 

The system EOB data is monitored on the BRO (Binary 

Re dout) panel (See Figure 7.1-3) and on the DRO (Decimal Read-

ou ) panel (See Figure 7.1-4). A selector switch is provided 

so that the EOB data may be monitored directly from the system, 

as it comes out of the core (part of the data recording unit, 

-I 
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see paragraph 7.1.4), or as it is played back from the magnetic 

tape (see paragraph 7.1.4). The real-time data out of the 

system and the data out of the core is sampled and displayed 

aJ a rate selected on the BRO panel. The data display from 

the magnetic tape is a display of each data word recorded on 

the tape. 

7.11.3.2 Status Word Monitoring 

The system status words (start, stop, and time

at~ti tude words) are displayed on the BRO and partially on the 

DRO. The decimal display consists only of pitch, roll, word 

I~. and CW bit. All other parts of the status words are dis

p~ayed only on the binary panel. 

7'11.3.3 Marker Word Monitoring 

The Marker Words from the system may be displayed 

in binary form on the BRO panel. The data is sampled, for 

d~splay, at a rate determined by operation of the display time 

control on the BRO panel. 

7 .il. 3.4 Pre-Detected Data Monitoring 

The system pre-detected video signal is available 

01 the front panel of the BRO panel. This signal may be moni

t~red on an oscilloscope in the Command and Control Console. 

711.3.5 Telemetry Data Monitoring 

The system TIM (telemetry) data is monitored on 

a DVM (digital vOltmeter). The TIM data monitor Control (See 

F~gUre 7.1-5) provides a selection of either automatic scanning 
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of he T/M points or manual selection of the desired point. 

The T/M point number and the voltage level of that T/M point 

is isplayed. 

In the automatic scan mode each of the 160 T/M 

poi ts is sampled and displayed in sequence. If one of the 

led TIM points is not within the acceptable limits for 

particular point, the automatic scan stops and visual and 

aud"ble alarms are turned on (see paragraph 7.1.6). 

7.1.4 Data Recording 

sy 

ra 

The system EOB data and status words may be re-

ed for later analysis on the GSE equipment or by a computer. 

data is recorded on magnetic tape (See Figure 7.1-6). The 

data output rate is not compatible with the input data 

the magnetic tape unit so a buffer storage unit is 

inslerted between the data source and the magnetic tape unit. 

Th"s buffer storage unit is a core memory that is read out at 

a that is compatible with the magnetic tape input. 

7. .5 Data Printing 

The following system data may be printed on the 

GS line printer (See Figure 7.1-7)= 

a) EOB data and Status Words 

b) Marker Words 

c) Recognizer/Partial Scan Memory Contents 

d) Telemetry Data 

Th printing of data is controlled by the Printer Control Panel. 

See Figure 7.1-8. 
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The EOB data may be printed only as it is played 

back from the magnetic tape unit. A selector switch allows 

the operator to print the EOB data either in decimal or binary. 

Status words are always printed in binary form regardless of 

the form selected for EOB data. The EOB decimal printing is 

a decimal equivalent of the payload binary output codes. 

Decimal printing in engineering units must be obtained from 

computer processing. 

7.1.5.2 Marker Word Printing 

Marker words are printed in real-time from the 

system. This printing is in binary form and is the only 

method of recording the system marker words. 

7.1.5.3 Recognizer/Partial Scan Memory Printing 

The contents of the Recognizer and Partial Scan 

memories is printed in binary form in real-time from the system. 

This binary word is 484 bits long and represents the partial 

scan frequency limits and the parameters set into the 

8 system parameter sets. 

7.1.5.4 Telemetry Data Printing 

The printing of the system T/M data is in real

time and includes the TIM number, the voltage level, the upper 

limit allowed for each point and the lower limit for each point. 

A switch allows a selection of ttfull scan!! or !lcontinuous. tt 

The full scan mode causes all 160 TIM points to be scanned and 
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prilnted one time. In the continuous mode, all 160 T/M points 

are printed, in sequence, over and over until the printing is 

manually stopped. 

: If any of the T/M points are out of tolerance 

(aJove upper limit or below lower limit) a note is printed to 

indicate that the point was out of tolerance and whether it 

or low. 

Error Detecting 

The GSE provides an error detecting function and 

indicates the error by audible and/or visual alarm (See Figure 

7.~-3). The visual alarms on the BRO panel indicate the follow-

ing errors have been detected: 

a) Parity 1 - Indicates a parity error in the 

first 65 bits of the 182 bit system output 

word. 

b) Parity 2 - Indicates a parity error in bits 66 

through 104 of the 182 bit system output word. 

c) Parity 3 - Indicates a parity error in bits 105 

through 143 of the 182 bit system output word. 

d) Parity 4 - Indicates a parity error in bits 144 

through 182 of the 182 bit system output word. 

e) Power .Aux. - Indicates a system auxiliary and 

main power cut-off due to excessive auxiliary 

current being used by the system. 
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Power Main - Indicates a system 
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main power 

cutoff due to excessive main current being 

used by the system. 

Telemetry - High - Indicates a TM point has 

exceeded the + tolerance as set into the upper 

limit/lower limit matrix. 

h) Telemetry - Low - Indicates a TM point has ex

ceeded the - tolerance as set into the upper 

limit/lower limit matrix. 

i) Redundant Data - Indicates a difference in the 

data located in bit positions 4 through 26 and 

the data in bit positions 108 through 130, or 

the data in bit positions 37 through 43 and the 

data in bit positions 89 through 95, or the 

data in bit posJ tions 44 through 50 and the 

data in bit positions 96 through 102 for status 

words. 

There are nine more error lamps on the BDM!DTU 

(Binary Digital Module/Digital Telemetry Unit) Simulator panel. 

These lamps indicate errors in Recognizer/Partial Scan Memory 

contents when the data is read out. 

Recognizer/Partial Scan Memory Loading 

The BDM/DTU Simulator (Figure 7.1-9) provides the 

capability of loading and reading out the system recognizer 

and partial scan memories. For memory loading, there are 402 
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switches that allow programming of the memories. Thirty-six 

switches are used in programming the frequency limits in the 

partial scan memory and each recognizer set has 47 switches 

and 9 pre-wired zeros. Front panel lamps indicate that data 

has been read into the recognizer memory, into the partial 

scan memory, or out of the recognizer/partial scan memories. 

7.1.8 RF Signal Input 

The RF signals required for testing the Reaper 

operation are provided by the RF console (See Figure 7.1-10). 

Signals are provided for system tests in a laboratory or on 

a simulated free-space test range. 

7.1.8.1 RF Signals in a Laboratory 

The RF console provides two RF sources to the sys

tem. The phase shifter panels provide a means of adjusting 

the phase of the signal to simulate different angles of arrival 

of the signals. An attenuator in the channel F-2 line provides 

a means of adjusting the amplitude of channel F-2 relative to 

channel C (AIR inhibit channels). 

7.1.8.2 RF Signals on the Range 

The RF consoles are used during range tests to pro-

vide two signal sources through the range source antenna (See 

Figure 7.1-11). The phase shift panels are not used in range 

tests. The signals are fed through air dielectric coax from 

the test building to the source antenna and then transmitted 

through Ilfree-space l1 back across the 575 foot range. 
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7.~.9 RF Parameter Digitization 
I 

The parameters of the RF signals being inserted 

into the system are converted to digital form by the RF 

DiJitization Section of the RF Console (See Figure 7.1-12). 

Thd parameters digitized are: 

a) Frequency - 100 kHz resolution, 
+ 100 kHz accuracy 

b) Pulse Repetition Interval - 1 usec resolution, 
+1 usec accuracy 

c) Pulse Width - 125 usec resolution, 
+250 usec accuracy 

d) Amplitude - 2.5 db resolution, 
+3 db accuracy 

e) Phase-

Phase Shifters: 0.1 degree resolution, 
+0.1 degree accuracy 

Range: 0.03 degree resolution, 
+0.03 degree accuracy 

f) Time - Payload time as sampled from the payload 
telemetry lines 

The output of the RF digitization section is avail

ab e in two forms. A 3-LRZ (three-level return to zero) signal 

t has a 10 kHz bit rate will drive 300 feet of RG-59 cable 

terminated in 75 ohms. The word is 148 bits long. The word 

tent includes permanent II zero!! bits sufficient to allow data 

put to represent a 4-bit BDC character for each 4 bit read-

There is also a punched paper tape output. The 

er tape is primarily for use during tests at LTV. 
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Description of Equipment 

The ground support equipment designed to provide 

functions described in paragraph 7.1 is contained in three 

co soles, a line printer, and a holding fixture as shown in 

Fi ures7.2-1 and 7.2-2. Figure 7.2-3 shows the block diagram 

of the equipment excluding the RF console. 

7 . . 1 

panels: 

7.2.2 

Command and Control Console 

The command and control console contains the follow-

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

11) 

12) 

13) 

Binary Readout (BRO) 

Printer Control (PC) 

TIM Scanner and Monitor (T/M) 

T/M Upper Limit/Lower Limit Diode Matrix 

Power Control 

Decimal Readout (DRO) 

Command and Control (C&C) 

BDM/DTU Simulator 

HP 3460B Digital Voltmeter (DVM) 

Tektronix RM547 Oscilloscope 

Lambda LEI03 Power Supply 

Fans (2) 

Main Power (2) 

Data Acquisition Console 

The data acquisition console is an Ampex Tape 

M mory Console with two auxiliary units installed. The console 
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cohtains the following: 

7.2.3 

I 

I 

7.12.4 

1) Data Acquisition Unit 

2) Fabritek MLA5 Core Memory 

3) Ampex TM9211 Tape Recorder 

Printer 

The printer is a Potter HSP3502 chain printer. 

RF Console 

The RF console contains the following equipment: 

1) HP8616A RF Signal Generator (2) 

2) HP8403 Modulator (2) 

3) HP491C TWT Amplifier (2) 

4) Eldorado 950 Frequency Counter 

5) Monsanto 1010 Counter/Timer 

6) Data Pulse 103 Pulse Generator 

7) Invac P135 Tape Punch 

8) RF Signal (Phase Shifter Panels) (2) 

9) RF Digitization (RFD) 

10) Fans (2) 

11) Main Power 

F gure 7.2-4 is a block diagram of the RF console and Figure 

7 2-5 is a block diagram of the RF path in the phase shifter 

p nels. 

7 2.5 Positioner and Positioner Control 

The positioner and positioner control (See Figure 

7 2-6) are used during the Reaper range tests to position 
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FIGURE 7.2-6 POSITIONER AND POSITIONER CONTROL 
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with respect to the signal source. 

Holding Fixture 

The Holding Fixture is shown in Figure 7.2-2. 

7.13 GSE Specification 
I 

.1 The Ground Support Equipment Specification is 

g~ven in LTVE document 4124-11152. 

7.4 Operation Description 

50X1 

The description of the Ground Support Equipment 

o~eration is given in the PLeD Operation Manual, LTVE docwnent 

number 4124-11191. 

i 

PLCO Compatibility 

The PLCO compatibility is demonstrated by testing 

LTVE document number 4124-11192, Heaper PLCO Compatibility 

Test Procedure. 
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