
>t' 
0.. 
C) 
<..,;) 

.. i.e 

. SUBSYSTEM F - FERRET 2 SYSTE 

ENGINEERING ANALYSIS REPORT 

VOLUMI I 

- '., " 

Approved for R~lease: 2017/08/17 COS1 0003' '3"""""'" 



I ' ., 

e __ 

APPROVED: 

Approved for Release: 2017/08/17 C051 00033 

A::.;:,: "',C <-

leI ,\;-,_., . , 

sat;si.:::~ 

SECRET 

., , 

MAY 
Ii' . U t...: ........ 1....../ ~. __ ..i ~ 

T1S:.-\ 

. " 
~ - j 

"'"l.. '.' _.,.J f 

SATELLITE SYSTEMS SUBSYSTEM F DEVELOPMENT 

62-33 

SATELLITE SYSTEMS SAMOS PROGRAM 

\ I \ ~ ~ ~ \~_I t I 

r- -"'.-, ,-----. ,--" .:~--' 
- . ... ,. ,. 
............ _ .. ~ ... ,_. __ "" .... _.;... ~ ..... ~"v¥ ... -., 

;;-: __ ..-.... .~..,._~ ____ ~ .... "...............--- ~ _. ____ .. ...J 

f 
(I., I 1(' 

APPROVED: 

" . J. GRIBBON 
w. v.~ .... .( 

W. V. TY INSKI 
SATELLITE SYSTEMS MANAGEl~ SAMOS PROGRAM MANAGER 

T~i, d<>cu", .. ,,' co~l(JiM i~foNn"lion "H .. ctin'l th" notional d"f"n, 01 'he United Stat", wilh,n 
th ..... 0"''''1 01 tn. b"io~ .. CJ. lo",., Till" II, U. S. C .. S.c. 7 and 794. '10 !rO""""""O" or 
the rev.lotion of ih conlo"" in any ma~ ..... ' I .. Oil unoufh eel penon i. prohibited by 

00041 

LOCKHEED AIRCRAFT CORPORATION MISSILES and SPACE DIVISION 

Approved for Release: 2017/08/17 C051 00033 



.. 

Approved for Release: 2017/08/17 C051 00033 

Ii 
f ;' 
4.." ... 

.... . 
'. f ~ 

, 

1 
~" .. 

.... 

,,""-.-



". 

r 

Approved for Release: 2017/08/17 C051 00033 

SECRET 

• 1 

. ~:.~: b-:! 
. ": < }::~s, 

/. ",. , .. .. 
• 0 •• _ .... ,. 

.';J./ bt! 

LMSD-4474Z3 
Volume I 

... ..: ........ 

FOREWORD 

The two volumes of this report analyze the Ferret l (F2) 

system of Subsystem F for Samos satellites. The report 

was prepared by Lockheed Missiles and Space Division in 

accordance with Contract AF 04(641)-563. Volume I (Sec­

tions 1 - 4) gives a general description of Subsystem F 

and analyzes payload and checkout equipment. Volume n 
(Sections 5 - 9) analyzes the ground data-handling 

system. on-orbit calibration equipment. field-support 

program, system engineering, and reliability. 

LOCKHEED AiltClIlAfT COItI'OUTION MISSILES oRCI SPACE DIVISION 

Approved for Release: 2017/08/17 C05100Q33 ______________ _ 



SUMMARY I 1-­"~, -,-

j 
The purpose of the Ferre' 2 system is to ferre' emi'''; f~dia~~n~ from .=-l 
orbiting satellite. As the Samos satellite speeds along its orbital path, I 
ferret antennas in the payload scan the earth's surface and intercept radar ~ 

signals. Receivers in the pa.yload pass these signals to a data handler which 

measures their characteristics and accordingly either rejects or accepts the 

intercept data. Accepted signals are converted into coded forIn and are stored 

for future reconversion into signals suitable for trausmissiont,o,the ground. 

r---- -
This report explains the function of the major equipment. bothspaceborne and 

ground-based, which is used in the operation of the Ferret l system.~ere is 

a brief survey of the analysis of the system. ' " 

Two different antenna arrays intercept emitter radiations -- one is used in 

the payloads of Flights land 2, the other is used in those of Flights 3 and 

4. Each payload uses a similar receiving system to pass the intercepted 

radar signals, namely a frequency-scanning superheterodyne. 

Intercept signals from the ferret receivl~rs in the payload are examined by a 

data handler which is a tra.nsistorized digital device. This device verifies 

whether a received signal is a valid intercept and then either stores the 

intercept signal or rejects it. Acceptable data are recorded for future 

telemetry transmission to ground. 

Valid intercept data collected by the payload are transmitted to ground via a 

telemetry link (Subsystem H). The ground system which receives theRe data 

comprise conversion equipment. display equipment. and payload-command 

equipment located at two tracking and acquisition stations and the Satellite 

Test Center. After receiving these data, the ground-handling equipment 

processes them for transmi5:sion to the user (Subsy ern I). Also, the 

v 
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equipment controls the engineering functions of monitoring. calibration. and 

on-orbit adjustment of the payload. 

Before the ferret payload liits from the launch pad atop the Samos vehicle. 

the payload equipment is subjected to an extensive checkout on the ground. 

Components and subsystems within the payload are checked and tested to 

assure that the ferret system will work properly during orbital flight. 

Also. before the ferret payload is ready for launching. personnel who will 

operate, maintain. and check out Subsystem F equipment are trained in their 

respective tasks. Adequate training guarantees capable operation and main­

tenance of equipment. 

The F-2 System design program is augmented by several studies which pro­

vide mathematical and technical analyses in critical areas affecting system 

development and operation. These areas include readout, calibration fre­

quency, effects of satellite tilt, orbital structuloe for F-2 satellites, off­

frequency detection. spurious emissions. inhibit clogging. terrain reflections. 

strong signals, minimum detectable signals, and location accuracy of the 

F··2 system. 

The reliability of the F-2 payload is discussed in the last section of the 

report. Equipment reliability, which emulates calculated predictions of 

reliability whenever possible. is ensured through a thorough program of 

evaluation. This program calls for a r~view of all designs, testing components, 

establishing standards and application criteria, and analyzing malfunctions. 

Parts and materials are also tested to determine Whether they will withstand 

their operational environment for extended periods of time. 
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SECTION 1 

GENE.RA L DESCRIPTION OF SUBSYS:'EM F 

1. 1 GENERAL CHARACTERISTICS 

Subsystem F is an electronic reconnaissance subsystem of spaceborne 

equipment that collects lntelligence information from radiations in the 30 to 300, 

000 Mc range. The equipment processes and stores the intercept informa-

tion in coded form and, at the proper time, reconverts the stored informa-

t:on into a form suitable for transmission to the ground. Subsystem F 
',-

ground data handling equipment receive s the ferret data from the satellite, 

via the Communications and Control (C&C) Subsystem, processes it for 

transmission to the user (Subsystem I), and handles the engineering func­

tions (such as monitoring. calibration, and on-orbit adjustment) required 

for proper operation of the payload equipment. Subsystem F calibration 

vans transmit known signals from locations at speCified times to the 

ferret equipment for on-orbit calibration of the reconnaissance system. 

Subsy stem F ground support equipment prOVides the preflight checkouts of 

the spaceborne equipment. Subsystem F consists of the following equip­

ment; (a) spaceborne ferret, (b) ground-based data handling, (c) ground­

based calibration, and (d) ground-based checkout. 

Figure 1- 1 is an overall block diagram of Subsy stem F. A frequency­

scanning superheterodyne intercept ::-eceiving system is used because of its 

superior sensitivity, frequency selectivity. adaptability to advanced systems, 

and relatively low power requirements. The frequency range is divided into 

19 receiver bands (Table 1-1). Each model of Subsystem F contains re­

ceivers that cover selected frequency bands. The Ferret Z (F-l) System 

contains receivers for bands 1, 2, 3b, and 3c. For each band, a two­

channel receiver is used. One channel is connected to a "signal" antenna, 

and the other channel is connected to an "inhibit" antenna. The antenna pat-

terns of the two channels are such that within aving an apex angle of 

1-1 
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Table 1-1 

FREQUENCY BANDS 

Priority Frequency Band 
Number (kmc) 

10 8.2 to 12.4 

3a 9 to 10 

3b 12.4 to 18 

3c 18 to 27 

4 27 to 40 

6 40 to 60 

1 60 to 90 

5 90 to 135 

7 135 to 200 

1O0 to 300 
. ------------

LMSD-44 7423 
Volume I 

Priority 
Number 

8 

2. 

9 

11 

12. 

13 

14 

15 

16 

17 

about 32 degrees centered at the nadtr of the ~ateilltc, the gain of the signal 

channel is higher than that of the inhiblt channel. For all directions outside 

this cone, the inhibit-channel gain is greater than the signal-channel gain. 

By directing these two received signals into an amplitude comparator, it is 

possiblE' to reject all signals that come from a direction outsldc the 32-

degree coverage cone, and to pass to the data handling circuits only the sig­

nals from emltters lying withln the coverage eonf'. 

The data handling CIrcuits in the payload measure parameters of the 

received signals, store desired information, reject some redundant informa­

tion, and at the proper time reconvert the stored signal s into a form suit­

able for transmission by the communications and control system. 

Digital techniques provide sufficient flexibility to minimize the redesign that 

might be needed to handle different types of information in later missions. 

They lend themselves to extremely reliable design, since moderate changes 

in component characteristics need not affect the validity of the data system 
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output. They are well suited for selecting desired information, and for 

ternporary storage and transmission oJ extracted data. 

It is necessary to program the intercept receivers and data handling circuits 

so that (a) the desired intelligence information is intercepted and processed, 

(b) the payload equipment is monitored and calibrated to keep apprised of the 

reliability of the intercepted data as processed, (c) defective components are 

detected, and adjusted or replaced, and (d) the intercept equipment reads out 

information to and accepts commands from an authorized interrogation sta­

tion only. These four functions are performed by the payload control system 

ir.. conjunction with the C&C decoder and sequence programmer; the control 

system relays the decoded and processed. instructions to the designated units. 

Coded ferret information received at the ground station will be decoded and 

technically processed by the ground data handling equipment. This equip­

ment, which is part of the gro.und-based satellite control equipment, has 

two general functions: a technical processing function and a technical super­

vision function. It processes, corrects, and assembles data quickly, accu­

rately. and in a form suitable for the user (Subsystem I). It processes test 

data, calibration data, and other data from the payload and from various 

Subsystem F ground installations to ensure proper technical operation of the 

ferret equipment. It permits the establishing of data-correction factors, 

and it permits complete and adequate monitoring of all aspects of equipment 

performance. On-orbit payload equipment adjustments for technical or 

ope rational rea sons are also part of its function. 

The ground-based satellite control equipment also includes the on-orbit 

caLibration equipment. For on-orbit calibration it is necessary to transmit 

radar signal s whose frequencies, PRF. and PW are accurately known. 

Knowledge of the operational status of the satellite-borne equipment is ob­

tained by comparing the intercepted calibration.data as retransmitted from 

the satellite to the control center with the data originally transmitted. The 

ferret equipment will intercept calibration transmissions only when the cali­

bration station is being illuminated by the Subsystem F signal antennas. 
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Generally, the satellite will pass directly over a station within the United 

States only once Or twice a week. A calibration van will be located at each 

tracking and acquisition station (TAS). 

The ground support program provides equipment needed for preflight: check­

out of the ferret equipment. The checkout equipment provides an overall 

system test by injecting accurately calibrated simulated radar signals to 

test all components of the ferret system. 

1. 2 PARAMETER-MEASUREMENT DATA 

When a signal is accepted as a valid intercept by the ferret receivers, data 

handling circuits extract the desired information from the received pulses 

and store the information in digital forn"! for future transmission to the 

ground. The signal. parameters that are measured and stored in all F-2 

models are frequency, PRF (measured as pulse intervals), PW, and time­

of-intercept. In one of the F-2 models, nonuniform PRF, pUlse ampiitude, 

amplitude difference, single pulses, long pulses, and sequential pulses are 

measured (or detected) also. 

The scan rates of the ferret receivers are slow enough to provide sufficient 

time in each chan:1el for interception of at least three pulses at the lowest 

expected PRF. Therefore. two PRF measurements can be obtained for each 

signaL If only one radar signal. is intercepted per frequency channel. then 

the PRF measurement is usually constant from pulse to pulse. If two or 

IT10re signals are intercepted in one channel, however, the measured PRF 

will almost always have two different values for two consecutive intervals. 

In thi s ca se, additional correlation is needed to identify the radars, but the 

possibility that two or ~ore may be present will be known. The PRF 

measurements are a better indication of the number of emitters than the 

PW measurements; the same PW could be used by a number of radars at a 

given frequency, but it is unlikely that more than one radar would have the 

same PRF. The bands are scanned serially from the lowest to the highest 

frequency. Each recelver is operatlonal only during its scan period. 
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During the off period of each receiver, the scan mechanism returns to the 

initial setting. 

1. 3 SIGNAL LOCATION 

The apparent location of an emitter depends upon the location and ::.ttitude of 

the satellite at the time-oi-intercept and on the radiation patterns of the 

i.ntercept antennas. The position of the satellite is measured by another sub­

system. The altitude information is receivec:. convert'!d into digital form, 

and formed into a digital word once each scan cycle. 

In the Cone whose apex is 32 degrees centered at the satellite's nadir, the 

gain uf the signal antenna is, ideally. greater t.han that of the inhibit 

antenna; in the remainder of the area beneath the satellite, the gain of the 

inhibit antenna is greater. Thus, the signal antenna intercepts an on-the­

ground circle with a diameter of about 172 nautical miles if the satellite is 

at an altitude of 300 nm. By comparing the amplitudes of the same signal 

from the two antennas, the location of the signal's emitlter is determined 

to be eithe r inside or outside the signal channel's COne of coverage. The 

emitter is located more accurately by choice of the frequency- scan time. 

The method of thi s accurate location is de:o:;cribed in the following paragraph. 

Assume a hypothetical airborne reconnaissance satellite that has a ground 

speed of 3.80 miles per second, that intercepts emitters within a circle 

having a diameter of 172 miles, and that scans all frequency bands at least 

once every ZZ.6 seconds. During one 22. 6-second frequency scan the 

satellite travels about 86 Iniles. If on two successive scans the same sig­

nal is intercepted, the apparent location of its emitter is known more accu­

rately (Figure 1- Z). In the direction of motion the emitter is located with 

an error not greater than 43 miles; its location in a transverse direction 

may have an error of 74 miles. (If the signal is intercepted only once, its 

locational error ranges up to 86 miles.) With a faster scan time--15 

seconds, for example--the number .J! times that a single emitter will be 

intercepted during one orbit will be increased. If a radar is intercepted on 

three succes sive scans, its location in the direct' n of motion will be 

1-6 
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22.6-SECONO 
FREQUENCY SWEEP 

le.S-St.-CONO 
FREQUENCY SWEEP 

/$-SECOND 
FREQUENCY SWEEP 

~ REGION OF I INTERCEPT PER ORBIT 

D REGION OF 2 INTERCEPTS PER ORBIT 

IllIlIlIl REGION OF :3 INTERCEPTS PER ORBIT 

ASSUMPTIONS: 

I 

DIAMETER OF CIRCLE ,. 172 NAUTICAL MILES 
GROUND VELOCITY ,. 13,100 NAUTICAL MILES PER 

HOUR (3.80 NM/SEC) 

Figure 1-2 
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determined withw 29 mites and its location in the transver'llc directions will 

be determined withw 64 miles. 

J\nutht'r method of incrcasin~ the ;l\;curacy of emitter tocation requires the 

mVil.:>Ur'eml'l1t of puhe amplitude to help detcrmin.! that portion of the antenna 

coverage pattern in which the signal was intercepted. 

It t s c tea r that the accuracy of emitter location i~ affected by the fer ret 

antenna r.Hhation patterns, by the height. vetocity. and orbital stability of 

tll\' ~"tt'llltl', and by the scan time of the ferret receivers. Only when all of 

the "l' pa r'.lmet(' r s a rc known can the accuracy of probable location on a single 

P.l,.,,, be ddl'rnllncd. More a.ccurate location depend .. on use of overlap 

a rca S In adjacent swaths. As i.ntercept data accumulate, the loeational accu­

r.1.cy of each emitter will increa'lc. 

1. 4 F-l ~\ODEL.s 

Thl' F-l "atelllte-borne equipment has two submodets: F-2 (nights 1 and 2) 

il.nd F-l (flight;; 3 and 4). The F-.2: (flts I, 2) t"quipment contains receivers 

for bands 1 and 2. The band 3a antenna is included in the antenna array. 

Thu, ant<'nna. however, i" not presently used by Subsystem F. The F-2 

(flh 3, 4) payioad contains receivers for bands I, 3b, and 3c. The checkout 

.lnd gruund dat .• h"ndlmg equipment are primarily for the F-2 (flts 1. 2) 

modt'[' McldlflcatlOl1s or additions will be made so that the equipment can 

~cr\"e bvth F-lmodels when the F··2 (flts 3, 4) payloads are ready for us'!. 

I. 5 PERFORMANCE CHARACTERISTICS OF F-2 (FLIGHTS 1 AND 2) 
PA Y LOAD 

Fn'quL'ncy CO\'l'rage Band 1 : 2500 to 3200 Me 
Band 2: 9000 to 10,000 Me 

Scan Time Band 1 : 6.6 seconds 
Band 2: 4.8 seconds 

Cycle Time (2 band;,) 13. 5 second!! 

PH.F Mea ... uremcnt 125 to 25,000 pps 
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PW Measurement 

Data Handler Resolution 

Payload System Accuracy 

Signal-Antenna Gain 

Receiver Threshold Sensitivity 

Receiver Noise Figure 

Local-Oscillator Accuracy 

IF Bandwidth: Signal Channel 

Band 

Band 2 

2.S±0.2Mc 

5.0 ± O. l Mc 

Dynamic Range of Receiver 

Input 

Output 

Ground A rea Coverage (for 
90 percent triggering) 

Locational Accuracy 

Maximum intercept Recording Rate 

Start-Kccord-Stop Intervals 

Bit Length 

Intercept Word Length 

Time Interval, Tape Readout 

Time Interval, Direct Readout 

Intercept Capacity 

Intercept Data Output 

Maximum Readout Time 

1. 0 to 30.0 .,.sec 

:t£l.5I1- sec 

+1. 5. -0.5 ",sec 

13 db minimum at beam center 

-80 dbm 

15 db maximum 

1 pe rccnt minimum 

Inhibit Channel 

·~.O ±O. 3 Mc 

8.0 ± 1. 0 Mc 

(,0 db 

ZO db 

172. nm diamptc I' circle 

±50 nm 

40 pe r second 

5 millisec for each (nominal) 

100 ± 20 fLsec 

50 bits 

5 ± 1. 0 milliscc 

5 ± O. I millisec 

10,000 wO'!'ds minimum 

PRF (2), PW I time, frequency, band, 
attitude 

100 ± 20 seconds 

1. 6 PERFORMANCE CHARACTERISTICS OF F-l (FLIGHTS 3 AND 4) 
PAYLOAD 

Frequency Coverage Band 1: 
Band 3b: 
Band 3c: 

lOC~HEED AIRCRAFT CORPORA nON 

2500 to 3200 Me 
130 to 290 Me 
290 to 650 Mc 
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Scan Time 

Cycle Time (3 bands) 

PRF Measurement 

PW Measurement 

Data Handler Resolution 

Signal-Antenna Gain 

Receiver Sensitivity 

Receive r Noi se Figure 

I-F Bandwidth 

All Bands 

Dynamic Range of Receiver 

Input 

Output 

Ground Area Coverage (for 
90 percent triggering) 

Band 

Band 3b 

Band 3c 

M3ximum Intercept Recording Rate 

Start-Stop Intervals 

* To be dete rmined. 

LOCKHEED AIRCRAFT CORPORATION 

Band 1: 4. 2 seconds 
Band 3b: 2.4 seconds 
Band 3r: 5.4 seconds 

13. 8 seconds 

Band 1: 200 to 20. 000 pps 
Bands 3b and 3c: 80 to 20. 000 pps 

1. 0 ~ sec to 2 millisec 

:1:0. 5 ","sec below 32 t'Lsec 
+32 tLsec above 50 ,""sec 
:Z: 16 t'sec between 32 and 50 tlsec 

Band 1: 10 to 15 db within coverage 
circle 

Bands 3b and 3c: 0 db within cover­
age circle 

-80 dbm 

Band 1: 14 db (measured) 
Bands 3b and 3c: 12 db* (calculated) 

Signal channel: 2.5:Z: O. 2 Mc 
Inhibit channel: approximately 8 Mc 

(bandwidth of log 

60 db 

20 db 

IF channel) 

Circle coverage, 172 nm diameter 
(nominal) 

Swath coverage size to be determined 

Circle coverage, 300 nm diameter 

66 per seco!1d (maximum capability of 
data handler) 

5 millisec for each (nominal) 
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Record Intervals 

Bit Length 

Tape Readout 

Direct Readout 

Intercept Word Length 

Time Interval, Tape Readout 

Time Interval, Direct Readout 

Spare Bits 

Maximum Numbe r of Intercepts 
Before Tape Readout 

Inte rcept Data 

1"laximClm I:{eadout Time 

LOCKHEED AIRCRAFT CORPORA nON 

6.8 miUisec 

100 :I: 20 t" st!C . i 

100 :I: l jAsec 

68 bits 

6.8 :I: 1. 0 millisec 

6.8 :1:0.14 millisec 

7 

7500 words or more 

Same as for F-l (flts I, 2) plus pulse 
amplitude, pulse amplitude difference, 
ala rm bit for nonuniforrr. PRF, single­
frequency sequential, and long pulse 

100 oJ: 2.0 seconds 
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FERRET 2 (FLIGHTS 1 and 2) PAYLOAD EQUIPMENT 

2. 1 ANTENNAS 

The F-2 (fits 1, 2) antennas are distinctly different from the F-l antennas. 

The F-2 antenna systems provide three advantages; (a) extended frequency 

range with improved SWR over the range, (b) improved circular-polarization 

performance. and (c) considerably less bulk and weight for the band 1 cigar 

antenna, compared with the large F-l band 1 horn, 

The antenna array for the 1"-2 \fIts 1, 2) payload equipment is shown in Fig­

ure 2- 1, The band 1 inhibit antenna is a crossed dipole (turns tile), as shown 

in Figure 2-2, The antenna is fed in phase quadrature by a coupler (Figure 

2- 3), to obtain circular polarization, The band 1 signal antenna consists of 

the same type of turnstile antenna, and has a cigar element added to inc rease 

the directivity and gain (Figure 2-4). Radiation patterns of the band 1 an­

tennas are shown in Figure 2- 5. 

The band 2 3ignal antenna. is an octago!:al horn (Figure 2-6), Circular polari­

zation is achieved by using a metal-probe phase shifter, and by running a 

twisted waveguide from the standard X- band waveguide to the square wave­

gUide of the phase-s}->.ifting section. The octagonal horn provides lower side­

lobe levels than does a square horn. The band 2 inhibit antenna (Figure 2-7) 

is an open-end waveguide with a square cross section ar.d a circular ground 

plane about 0 75 inch from the end Its circular polarization is achieved by 

the use of a phase shIfter simIlar to that used in the signal antenna and a 

twisted wavegmde section Identical with that used in the signal antenna. A 

resistance card (cross-mode absorber) 1S included between the phase shifter 

and the twist section to maintain low ellipticity (good circular polarization) 

ave r the band. RadiatlOn patterns of the band 2 antennas are shown in Fig­

ure 2- 8. 
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Figure 2-1 .Antenna Array for F - 2 (FIts I, 2) Payload 
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Figure 2-4 Band 1 Signal Antenna 
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AI'HENNA 

ANTENNA 

"'423-1-007 

Figure Z-5 Radiation Pattel"nS of Band 1 Antennas 
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The band 3a dipole antenna is designed to ope rate in two modes to provide 

bath signal and inhibit functions. The normal dipole mode (signal mode) is 

the sum mode, in which current flows in the same direction in both halves 

of the dipole. This mode provides the familiar figure eight radiation pat­

tern. In the difference mode (inhibit mode) the current flows in opposite 

directions in the two halves and provides a null in the radiation patte rn in a 

plane normal to the dipole at its midpoint. With a hybrid feed, the dipole 

can be operated in both modes at the same time. In such operation a band­

width ratio somewhat greater than 2: 1 is achieved. The dipole IS length is 

such that the electrical length varies from about 0.5 to about 1 wavelength 

ove I' the frequency band. 

The band 1 signal antenna serves as a return path for the current in the low 

end of band 3a. For this reason the cigar is made about 0.25 wavelength 

long a t the low frequency. The dipole antenna is insulated from the equip­

ment, and fed w,th coaxial feed lines cut in high-impedance lengths. To 

li.mit undesirable radiation from the ground structure (the payload), a pair 

of resonant (at mid- band) spokes are added in space quadrature. This an­

tenna configuration provides only partial inhibit action. 

Figure 2-9 shows the band 3a antenna in the operating position, with the 

band 1 cigar antenna mounted in the center. Space limitations dict~te that 

the antenna will be folded for packaging as shown in Figure 2.10. The an. 

tenna will be erected after the payload is in orbit. In the F-2 (Hts 1, 2) 

p.ayload, the band 3a antenna is inoperable since there is no band 3a re­

ceiver. There will be no RF connections to this antenna; it will serve as a 

structural support (during flight) for the band 1 antenna. 

2.2 RECEIVERS 

Figure 2-11 is a block diagram of the superheterodyne receivers used in the 

F-2 (flts 1, 2) payloads. Each receiver has a signal channel and an inhibit 

channel. In gene ral, the two channels d.iffe r in that the signal channel con­

tains a preselector for image and spurious-response rejection, and the IF 

band.width of the signal channel is less than that of t e inhibit channel, thus 

2-10 
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Figure 2-9 Band 3a and Band 1 Antennas 
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Figure 2-10 Band 3<11. and Band 1 Antennas in Packaged Position 
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limiting acceptance to signals within the band of interest. A common local 

oscillator is used for both channels. Each band has a completely independ­

~~nt receiver. with its own front end. IF amplifier, and amplitude compar­

ator. This straightforward receiver dE~s:ign makes the 1"-2 equipment 

adaptable to engineering changes and to a wide variety of tactical situations 

and substantially decreases the probability of total failure of all receivers. 

As shown in Figure 2-11, the receivE~r unit for each band contains all the 

necessary equipment for passing a standard "accept" pulse and a PW pulse 

to the data handling circuits. Each payload will be capable of multiband 

operation. Because frequency bands are scanned serially rather than 

l5imultaneously, one limitation on the number of receivers that can be car­

ried is the available scan time. Total scan time cannot exceed 23 seconds 

without seriously increasing the probability of overlooking an emitter. The 

~3can time of any band is variable within limits that depend upon the minimum 

PRF that it is desired to intercept and the frequency resolution required. 

When the minimum PRF and the channel width have been established for a 

particular frequency band, the minimUlTI scan time for that band is automat­

ically established. All the receivers carried in one payload must have a 

total scan time of less than 23 seconds if the system is to be effective. 

The receiver-introduced limitations on parameter measurements are depend­

,ent on the signal channel's IF bandwidth, and the receiver scanning rate. The 

IF bandwidth must be adequate to pass the minimum PW expected, but it must 

be kept within the limits set by receiver noise and signal resolution require­

:ments. The scanning rate of the receiver is set so that during one scan at 

least three pulses can be received at minimum PRF. However, the scanning 

rate must be fast enough that the entire frequency band is covererl during the 

time that the payload's ground coverage circle moves one coverage radius. 

Increasing the number of tilnes the saIne intercept is received (that is, in­

creasing the scan rate) in1proves t!:J.e locational accuracy. 

The band 1 receiver is shown in Figure 2-12 and the band 2 receiver in Fig­

ure 2-13. The receivers ope rate as follows. Signals from the signal and 

inhibit antennas are fed to their respective channels; there they are mixed, 
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amplified, detected, amplified further in a video amplifier. then fed to an 

amplitude comparator. The comparator determines from the relative am­

plitudes of the two signals whether or not the intercepted signal came from 

an, emitter within the circle of coverage. l! the emitter lies within the 

cove rage circle, the amplitude comparator sends two pulses to the data 

handling circuits the accept pulse and an amplitude-limited sample of the 

intercepted pulse. This sample is used for PW measurements. 

The receiver threshold sensitivity is -80 dbm; that is, a -80 dbm Signal at 

the input terminals of the receiver will trigger the amplitude comparator 

90 pe rcent of the time if the false-alarm rate (noise signal) is less than one 

pe r second. The receive r dynamic range is nominally 60 db. Since pre­

amplifier linearity is reduced for input power levels above -25 dbm, the 

actual dynamic range is limited to 55 db to ensure good amplitude tracking. 

2.2. 1 Preselector 

The two principal c:.esign objectives for the preselector are; (a) an image 

attenuation of at least 20 db, and (b) an insertion loss of less than 1. 5 db. 

Since the presdector must track the local OSCillator, the bandwidth of the 

presele.:::to r is made as wide as possibh~. Since there is no preselector in 

the inhibit channel, spurious signals from that channel are larger than those 

from the signal channel. The amplitude comparator recognizes this differ­

t'nce and inhibits the output of the receiver when such signals occur. Thus 

the combined actions of the inhibit channel and the comparator serve as a 

filte r and disc riminator against Signals that. lie outside t.he pass band of the 

receiver. 

A two-cavity coaxial filter is used in band 1. The preselector bandwidth is 

30 Mc. When used with a 60- Mc IF strip, t.his preselector provides image 

attenuation greate r than 20 db. No preseiector is used in band 2. The band 

2 receiVer will therefore have two responses, one 60 Mc above and the other 

60 J\,!c below the local-oscillator frequency. Twice as many intercepts for 

each emitter will be obtained as would be recorded if a preselector were 

used. Howeve r, the expected signal density 2 is sufficiently low 
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that doubling the intercept rate will nc)t tax the receiver or data handling 

capacity. Advantages of omitting the preselector are improved receiver 

sensitivity and improved reliability . 

2.2.2 Local Oscillators 

The originally proF-osed 6299 triode oscillator for use in band 1 has been ·re­

placed with the F-1 klystron oscillator.* Reliable power output distribution 

and frequency coverage were not obtained with the 6299 units. On this basis 

a new band 1 oscillator program was initiated. The first step of this pro­

gram was to effect an immediate solution to the problem by the substitution 

of the proven F-llocal oscillator into the F-2 (flts 1,2) equipment. Several 

voltage-tunable devices were considered, and the development of a new tri-

de oscillator using either aGE 6771 or aGE 6442 tube type was subcon­

tracted to ACF Industries. Since the klystron oscillator is proving to be 

satisfactory. the development program for othe I' oscillators has been 

discontinued. 

In band 2 a VA161 BWO is used, which requires 15 watts of input power at 

relatively low voltages. This BWO is a rugged unit of cerami" ,n integral 

magnetic construction. It is electronically tunable ove:- the required fre­

quency range, and its operating frequency setting is ll':tlficiently insensitive 

to load changes. 

2.2. 3 Mixe rs 

Because of crystal nonlinearity, any crystal mixer will have a number of 

spurious responses. The following equation describes the spurious fre­

quencies as a function of harmonic order: 

where n ::;; I, 2, 3 

m :::; I, 2, 3 

F :::: Signal frequency 
s 

Fa nFLO t:F1_F 
m 

FLO == Local oscillator frequency 

.r • _ F :: 1- F frequency 

.:::-----
*ZVI009 
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It can he seen that when m::: n spurious responses will occur between the 

local-oscillator frequency and the signal £'req'\lency. Experimental results 

show that, for either a Single-ended or a balanced mixer, the sensitivity for 

the: m::: n ::: 2. case is about 50 db below the sensitivity at the signal frequency 

(Figure 2.-14). To utilize the inhibit action of the receiver, it is necessary 

to reduce these responses in the signal channel by about 6 db. This can be 

ac<:omplished easily by preselector attenuation. 

To minimize the noise figure and the driving power required for the local 

osc:illator, balanced mixers are used in each band. Balanced mixers reduce 

the noise figure by canceling local-oscillator noise; this is particularly im­

portant at low intermediate frequencies and where a BWO is used as the local 

osc:illator. lN2.3EMR crystals will be used for band 2, and lN2.lEMR crys­

tals will be used for other bands. The conversion loss (L ) specification for 
c 

the lN2.1EMR crystals is 3.5 (5 db) and the noise temperature (T) is 1. 4 

(1. 4 db) . 

If ",ve assume an I-F noise figure of about 3.2. (5 db), the overall noise figure 

of the receiver (neglecting preselector loss) will be 10.6 db. 

F:: Lc(T + F1_F- 1)::: 10.6 db 

The insertion loss of preselector and isolators must be added to this noise 

figure in the bands and channels in which \.:hese components are used. Fig­

ure 2-15 shows the receiver sensitivity as a functJon of overall receiver 

noise figure and I-F bandwidth. 

STfUPLINE* circuits are used as mixers in band 1. Figure 2-16 is a photo .. 

graph of the STRIPLINE ring junction band 1 mixer. Waveguide circuits are 

used as mixe rs in band 2. (Figure 2.-17). 

2..2.4 1- F Amplifiers 

The I-F circuits are divided into three different units: (a) a linear pream­

plifier, including a gain control and band-limiting filters (Figure 2-18 and 

2-l'~). (b) a logarithmic amplifier (Figures 2-20 and 2-21), and (c) a video 

* Trademark Registered, U. S. Patent Office. 
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amplifier. The logari!"hmic amplifier and the video amplifier are both in­

cluded in the log 1- F strip. 

The dynamic range of the input I-F signal from the mixer may vary in ampli­

tude from about -95 to - 35 dbm. The 1- F amplifier must have logarithmic 

characteristics to meet this large dynamic range requirement and to thus 

ensure that variations in signal levels do not introduce errors on the diam­

eter of the ground coverage circle. Sinc'e the amplitude comparator requires 

an input signal amplitude between land 10 volt!'. the 60-db dynamic range of 

thE'~ receiver input signal must be compressed to a ZO-db dynamic range at 

the input to the amplitude comparator. 

The 1- F strips are transistorized to provide maximum reliability and mini­

mum power drain, size, and weight. Consequently the intermediate frequency 

must be low enough so that transistors can be used successfully. On the other 

hand, it is desirable to use a high intermediate frequency so that the image 

response can be separated as far as possible from the signal band (to ease 

pn'selector tracking problems). A 60- Mc intermediate frequency is used. 

In the loganthmic I-F amplifier, the technique of successive detection is 

used to obtain a large dynamiC range. A small detected signal is extracted 

from each interstage. and aU of the signals thus detected are added in a re­

sistive network. The output \)f the summing network is fed to a video ampli­

fier, whose output is a video signal with an amplitude that is proportional to 

the logarithm of the input signal. 

An eight- stage 8- Mc-wide, double-tuned, common- base circuit is used for 

the successive detection. The nonlinear input impednace of a transistor in 

the common-base circuit performs the actual detel'tion function. The output 

of the I. F portion of the circuit ranges from 2 to 20 mv for input signals 

from -70 to -10 dbm; within this range, the output is logarithmic to within 

0.2 my. The video amplifier provides linear amplification, and its output 

amplitude will range up to 10 v. 

The 2N700A translstor was selected for t:his application because of its ability 

to operate at high frequency, lts uniform charactenscs, and its rugged 

construction. 

2- 27 

lOCKHEED AIRCRAFT CORPORA nON MISSllfS and SPACE DIVISION 

Approved for Release: 2017/08/17 C051 00033 



Approved for Release: 2017/08/17 C051 00033 

SECRET LMSD-44742.3 
Volume I 

Channel bandwidths are controlled by passive filters following the preampli­

fiers; thus the 60-Mc log I-F strips, which have an 8-Mc bandwidth, can be 

use:d interchangeably in all bands. The preamplifier gain control has a range 

of 10 db. In all but two channels, the 1- F bandwidths are fixed by means of 

filters. The 1- F band-pass characteristics are tabulated in Table 2.-1. 

2..2:.5 Amplitude Comparator 

The amplitude comparator (Figures 2.-2.2. and 2.-2.3) determines whether an 

intc~ rcepted signal originates within the desired region of coverage of the 

antenna system. It accomplishes this by comparing the amplitudes of the 

video pulses from the signal and inhibit channels. A difference bias deter­

mines the amount by which the amplitude of the signal-input pulse must ex­

ceed that of the inhibit-input pulse to produce a signal accept condition. 

The positive signal channel-input pulse and inhibit channel-input pulse are 

received at the bases of Ql and Q9. respectively, where they are super­

imposed upon present quiescent DC levels. These DC levels determine the 

normal back bias on the base-emitter junction of Q2, the comparator stage. 

When the signal pulse exceeds the inhibit pulse by the difference bias (differ­

ence between present DC levels plus Q2 base-emitter voltage drop) Q2. con­

ducts. The output of Q2. is amplified and triggers the blocking oscillator, 

Q5 via Q4. The blocking oscillator fires, establishing an accept pulse. To 

establish the existence of a valid intercept, two accept pulses are required 

by t.he verifier circuit in the data handler. 

Transistors Q6 and Q7 form a monos table multi vibrator, and Q8 is a blanking 

switch .. They blank the blocking oscillator after each valid intercept, thus 

allowing the receiver data to be processed. Provision has also been included 

to blank the amplitude comparator on command directly through 08. 
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I-F AMPLIFIER BAND-PASS CHARACTERITSTICS FOR F-Z (FLTS 1. Z) 

Center 3-db 60-db 
Frequency Bandwidth Bandwidth 

(M\..> (Mc) (Mc) 

lBand 1 60 ± 0.4 Z.5 ± 0.2. 6. !J + 1. 5 
Signal - 1.0 

Band 1 60 ± 0.4 4.0 ± 0.3 14.0 + 2..0 
Inhibit - 1. 0 

Band 2. 60 ± 0.4 5.0 ± 0.2 12..5 + 3.0 
Signal - 2..0 

Band 2 60 ± 0.5 '/ minimum* 
:!nhibit 

:Ijc No filters used in this channel. Values shown are for input signal of 

-40 dbm. 

Since the I-F bandwidths of the signal channel and inhibit channel are not the 

same, incorrect c.omparisons would result at the trailing edges of the video 

pulses. To prevent this, 012 and 013 generate a disabling pulse at the end 

IOf the shorter inhibit video pulse. This prevents the blocking oscillator sig­

nal from appearing at the time when the delayed signal video is present. OlD, 

OIl, and 015 reshape the signal video pulse to drive the data handler PW os­

cillator with a constant voltage from a low impedance source, The PW circuit 

limits stretching to less than 0.5 ... sec under worst case conditiont;. The sig­

nal characteristics of the amplitude comparator are: 

Input PW 

Output PW 

Input pulse amplitude 

Difference bias adjust­
ments 

Accept PW 

Accept pulse amplitude 

lOCXHEED AIRCRAFT CORPORAnON 

0.5 to 31. 5 usec 

0.6 to 32. usec 

1 to 10 volts 

0.5 to 1. 5 volts (3 db to 10 db) 

maximum: 9 Ilsee 
minimum: 3 Ilsec 

12 ±l volts 
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Z. Z. 6. 1 Band 1 Power Supply. To incorporate the F-l klystron oscillator 

into the F-Z (fits I, 2) equipm:.:nt it was necessary to change the band 1 

power supply. The L'lput requirements remain as 115 v, Z kc. The output 

voltages are; 

a. 500 v dc regulated ±5 pe rcent 

b. 300 v dc regulated ±S percent 

c. 6. 3 v, 2 kc nonregulated 

Regul:Ation is achie,-ed by a transistorized amplifie I' sensing the output 

voltage error and driving a low-gain magnetic amplifier control winding to 

oppose ti-.e error. Full wave rectification is used to minimize the filtering. 

The t:'ntir;! unit is encapsulated in soHd epoxy. 

Z. Z. 6. Z 3and 2. Power :upply. The band 2. local oscillator ill a VA161 

voltage-tunable BWO. The frequency coverage is from 9 to 10 lane; this 

range requires a normal 200 to 300 v sweep of anode voltage. This anode 

voltage and the BWO bias vo::'~age power s'lpply operates from llS-v, 2-kc 

power. The requireme"nts for the supply f:Jr band Z operation, assuming an 

overa!l accuracy of 1 percent, overall stahlHty of 0.25 percent, and a max­

imum frequency deviation of luo kc due to powe I' supply ripple, are shown 

in Table 2.-2.. 

A schematic dial::.ram of the band 2. powe r supply is shown in Figure 2.-24. 

Two outputs are provided fron. the power transformer. One output pr(Jvides 

up to 50 v dc at 5 milliampE:rcs, ..... hich is used for grid voltage. The other 

provides 320 vat 2.0 milliamperes and is regulated before being applied to 

tht~ anode. Diodes CR3 and C.R6 constitute a bridge rectifier. A capacitor 

inpct filte I' is used fo r ripple reduction. 
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D:\:-\D':' PO"'; £R. SUPPLY CHARACtERISTICS 

~f.;~!:n:t~!<.il' 

('" 1< t:-,) 

1 1') .\ C 

):J u (~\.: 

nU:ll: :1..11 

ACCUr,lCY 

(r': rcc'!:t) 

is 

j 5 

SLlbllity 
(perCt>nt) 

L}"ISD- ·147423 
Volume I 

Hi pple 
(millivolts) 

5 

10 

t':',. (' \,'l'"l~(' (\'\\.1 dll<i \,h2) ,intI tlit' vol~:lgc frOlTI the output voltage dlviuer 

\:~:" 1::'7. I::',: 1\;') T!l<' Ll":it'cLH (\:rrl':lt of Q1 flows through resistors H.5 

,I::': ;~~'. TIl,' \·,>1t .. ,.(> dr,';: ,lcros" tl1t'st;' resistors, which are effectiv' ~y in 

:;-,':';,'S \' .. :h :!Il' ,.:::tiE';:, c0nt1",.'15 the output voltage. Transistors Q3 and U5 

,:)\':,it' til" t 1t,;1 \'q]t,li:C dr"lp; 0':: ,wl! CH ar(' current amplifiers. Stability of 

::;c' r<,c;!.,t0r dc pc:;.,]:; OIl the st:lbllity of the voltage reference tubes and the 

The reference elem,ent is a 6308 cold-

l.::hl :", ~,!~-flll('d, t-:10\ ... ·-d;sch,lrgt' tube, R6 and R8 are tnetal-film re­

:s;,'t,lrs \"lth tCl11pc';-,ltUfl' coe[ficlents m,ltcl\cd to potentiometer R7 which is 

,ie;,'tl ttl ("lltr,)) th,' cJut:Jllt lrcHn 200 to 300 v, The scnsiCvity of the VA161 

l::',',l) to eh"n.:,' 111 bus "Lllt.l~C is such that no grid voltage rcguliltion is re-

:\ :Slllll'it' !ull-w;l\'" hl'lcr::c IS used in the output with a rcsistor-

SlilCl' tIlt' )..:rld cu:';'e:lt IS constant over the frequency band, voltage adjustment 

c':111 b,' .. cc,)111ph:;hcd by me,lllS of" sc:ries dropping resistor. Voltage adjust-

111l'nt IS lll'ccit,tl to fIX thl' power output of the BWO at the proper value. 
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2. Z, 6,3 Filanlent Transforll),'rS, D.lnds 1 Cllld 2 rcceiVt~r~ requir0d th,:~ 

(cll,)wing ftLll1ll'nt t 1'ao::;1'o:'111t:" r ...-11;, :';ICtl~ ris tics: 

115 \', 2 kc Inpu: Vol L1Se 

l;utput ValLi",c B,lnd 
Ba:ld 2: 

G, ~ \- ac at 0,68 ilmpcre 
9,0 v .1C at 1. 0 ampere 

In;tiJ.l suq:e curr!'nts dre limtcd ])y USll1S tr,ll1sforn1crs with magnetic 

shunt::} . 

£,,<::11 ;',',:(';\-c1' l'cnt;uns ;~ Q,:!);t t-:L"l\' C\lli<- sh.ttt "l1c,)(lcr tiut is ,c:(>.',n~d to tht' 

r",:t,~i\"(',' ir"qu<'!1CI' :;<.:.il1 d\1\-,.' nl,'cildl'l~n1. RGLtbon of the Jriv\.! Sll.lft is 

proportiC'!lci.l to the l'cc(:ivt'r freqlll~!1L:Y_ The shaft enc,)zicr is used in such 

a lnannc!" th.,t ('-!l:iIHWi illforll~d-tl')ll is in OIH":;;-C()nlph"nH~lH-gray-coclc forn1, 

E:r;'o;'s thilt mif.:!1t r('sl:lt fl',ml rl';uiing out of til(' code wheel position dt~ring­

:'o:,;ti~ll1 art' n:lllilnlzt'd by the use nf ,1 grav coele in \vhich only one bit 

,ch,\r:i.:~'s at ,1 tin,,,. wl:'.'lI ~oing [r;)111 one ClJJllllVl nun1ber to the next higher 

:HIJ::bl'r, The 9-bit el1cL,d,'1' \\/111 ;lccolnmod.lte 512 fr'~quel1cy <::h<11111('15. 

SillC,: the ;w;-nbc::- of [_ F Ch;ll111cls is 280 in band 1, and 200 in bilnd 2, the 

cnCcH;cr prondes <l<._kquate cap,.lcity, 

2,2.8 D.:nd SWitch CUlltrol 

The r('c'-'i\'(~r b,,'nd switch cOlltr,)l unlt is ,1 portion of the system coutrol and 

ilas till' fL1110\l.'lll,l! functions ln each reCClver: 

.1. St:ll'ts the scan motur on cornn1and frorn the systcnl repeat cycle 
ti:ne r 

b, Supp!i"~ power tu the rCCCl\'(~r5 

c. Di.l!\ks ,lnd unbLlnks the recen'er's output at exact tin1es In the SC<:ln 

s<:qllcnce 

d, Identifies which reCCl\(er is on 

", Stops thL~ 'scar. motor 

Tu ,lCC\)IllPli~h the <lbove functions the bJ.nd switch control unit recognizes 

St.lrt .llld stop COllul1,lncis [rOll1 the rCpc3t cycle tirner and specific binary 
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number-3 frol" the Sh,:lft encoder. ParLlgraph 2.S.8,l in this section gives the 

deLlll""i 'iequc~nce ut tlllS tirning operation. 

2.3 P/\ YL~;,\D DATA H;\~,DLEIZ 

The paylo,ici (i,lt;), h,lllder 1S a tL:ll1:3i:;tonzed digital device that performs the 

Q,HJ. lu:1l_:L:,,: f-..:;:cti~::. rcqui;-ed in the ferret equiprnent. By examining the 

nceo pl:.bes :sc;ucd by thc~ [~r::et receivers the data handler (a) determines 

U:e ,h'ccpLGlllt\- of tilt.'se slgnJ.ls (\erific.1tion), (b) analyzes the signals for 

Pt:-",d ~'t't\"'c;: p'cllses (PRF). "nu (c) rncasures the PW of the signal. The 

ri.1t.1 h.ll1,Jt'r ,lise' rC,lGS out the frequency channel codes from the receivers' 

shaft L'~LL;JC:-S ,1:1(i ;:otes the time: of intercept. All of this information is 

,\,> "hl),,\T. ill t);" bloci<. di";'::'.l.m in Figure 2-25, the data handler is divided 

::'.:,) [,::'..::- SCl~t1._'rL'; which .1:-C described briefly in the following paragraphs. 

;J, \-t.'r;t]C:ltion. PRF. and PW 1'-leasurement - This section determines 
"he;];"r the si;.:n,ll rf:ce"n~d is d. valid intercept. If the signal is a 
,",d:d :rltc;:ccpt, tl:i3 sectlOn gencrates binary words representing 
PW ,1:)(: FEF. mure correctly. pulse interval. The logic diagraul 
01 Ih; sse,: tllHl 1S S huwn in Fi!~ure 2-;;6, 

b. Frclj\lcncy .l!ld TIllle - For c,lch intercept this section performs 
rC',l(;l~;lt of tUllc, rc'<1dout of frequency shaft encoders, and readout 
uf 0.11~li cod .. , m.ltrix. Thc lot-:ic diagram is shown in Figure 2-27. 

c, D,lLl In:crro~:.lt;U:1 _ Th1S section causes the stored binary data in 
ihe clicuit :->rcct'dill'~ it to be rcad out into the recording circuits in 
:<,':-;,11 onlt'~, lile iO~'IC dl.lgram is shown in Figure 2-28. 

d, r'l'corl~t'r Contrul _ This :;pction controls the ~3tart-record-stop 
c\'clv" l'! the recorder, ilnd it shapes, c0l11bin c s, and distributc;:> 
(~,lt.l pul:;<.'s ,.:;oinb to and fronl the recorder. The logic diagranl is 
sh~)\\·n ~n Figure 2-29" 

2.3. Opcr,ltion of \'C"rific.ltion 

Ac Cl'pt pulst'~3 1 ronl the ;1l11plitucic comp;lrcltor are subjected to a verification 

t('!:it :)('lorc t!;clr ch,lract<.:ristics ,lre recorded. This test is necessary to 

prevent tile !loise pulses th.it will occasionally be prescnt in the receivers, 
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from bdng comjid~red as received radar pulses. For a signal to be re­

corded a.s an intercept, at least two pulses must be received with a period 

of time equal to the longest inte rpulse pe riod expected in the particular band 

under investigation. The maximum intcrpulsL! period expected and allowed 

for in each band is 8 milliseconds. If a received signal is not verified, the 

data handle r is reset and made rcady to accept the next signal. 

2.3.2 I\feasurement Cycle 

The measurernent cycle includes the measurement of the interval between 

the first and second pulses, the interval between the second and third pulses, 

and the PW of tl:e second pulse. Two pulse interval measurements <ire made 

so that the presence of t\VO or more radars or PRF modulation can be de­

tectecl. The PRF measurement reliability is also increased by the use of 

two counters. The PW of the second pulse is measured so that the pulse 

distortions at the edges of the pas;) band will ha.ve minimum effect on the 

2. 3. 3 Readout Cycle 

The dat;l h3.ndler's readout cycle includes the interrog:ltion of both of the 

PRF counters, the PW counter, the blne counter, the frequency channel 

shzli"t encode rs, ,::.nd the band indication matrix; the serialization of these 

dat.1; and the reset of the n1easuren1ent and verification circuits. A 

p<lrity-check bit i::; ~en(':r<lted at the end of this process, and it ;.lppears at 

the end 01 the data. After an intercept has been verified, the recorder is 

instructed to st;:ut Clnd is pernlitted to reach proper recording speed. Then, 

the dat,l are r('.,1(l out and sent to the recorder's write circuits. When the 

readout process is completed, the entire data handler is cleared. Although 

the time counter is in the data hdndler, it is controlled by the sa.tellite clock 

and continL;ously provides satellite tinle. The frequency er..coders and the 

ba.nd code matrix are located in the receivers and in the power and control 

as<;cmbly, respectively. They provide continuous frequency and band 

information to th...! data handle r. 
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2.3. '* lI.feasurernent InfornLltion 

2.3.4.1 PRF (9 bItS): 

Mmllnum PEF (pps) 

MaxImum PRF (pps) 

QUJ.ntum (f-'sec) 

Accuracy (f-'sec) 

2.3.4.2 PW(6bits): 

Countt' r CdP~lCity 

Accuracy 

(jUJ.ntuln 

2.3.4.3 Timc(13lJits): 

Countc r C;lpaci ty 

Accuracy 

Qu.lntUI11 

125 

40, 000 

25 

±25 

a to 31. 5 /-,sec 

5 pc rcent and ±O ~ 5 P sec 

0.5 !-Asec 

819 Z counts 

+0. -1 count 

.1 second 

2.3.4. -1 DatJ. FormJ.t. The data handler issues infonnation in the following 

order to the tape recorder of the data link. All the data are furnished in a 

str.:light bInary code except [or frequency data. which are read out in one's­

complcmcnt- g ray- code. The bit numbe rs increase as significance inc reases. 

Bits 

to 

10 to 

16 to 

25 to 

38 to 

47 to 

9 

15 

24 

37 

46 

49 

50 

Parameter 

PRF-l (t 1) 

PW 

PRF-2 (t Z) 

Time 

Frequency 
(channel numbe r) 

Band 

Parity 

G. 3.4.5 Cycle Time. Cycle time is defined as the time between receipt 

of the first .:lccept pulse and the end of the recording process. In the F-Z 

(Fits 1, Z) equipment, it is 24 milliseconds. 
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2.3.5 Operation During a Typical Intercept 

Figure 2- 30 contains timing diagrams for the payload data handling system. 

The first pulse of the pulse sequence enters the pulse steering circuit, which 

is a two-stage binary counter. Entry of a pulse into the pulse steering cir­

cuit opens a gate that permits the continuously running crystal-controlled 

multivibrator to trigger the 9- bit PRF-1 or t1 counter. If the count in the 

tl counter reaches the limit of the verification time (a preset binary nurnber 

for each band) a nonve rified reset pulse is gC'nerated in the counter. The 

tl counter resets itself to the initial state, prevents readout, and resets the 

pulse steering circuit to its initial state. 

If the first PRF interval is acceptable, the second incoming video pulse 

causes the pulse steering circuit to shut off the clock pulse gate to the tl 

counter, and permits a clock pulse gate to trigger the PRF-Z or tz counter. 

The t2 co,mter counts clock pulses until the third input video pulse is re­

ceived by the pulse steering circuit. The third pulse shuts off all clock­

pulse gates and closes the pulse steering circuits, thus keeping out additional 

pulses until the information stored in the PRF counters is read into the tape. 

If the second PRF interv:ll is longer than the band verification time the tz 
counter resets itself to zero and closes the pulse steering circuit input to 

additional pulses in the same manner in which the circuit is closed when a 

third pulse has been received. Readout proceeds normally. 

The pulse steering circuit performs the additional function of permitting the 

2-l\k start-stop oscillaLJr to be turned on for a time corresponding to the 

width of the second received pulse. The PW of the second pulse will then be 

registered on the 6-bit PW cOW1ter. A pulse longer than the counter capa­

bility of 31. 5 Vsec will cause the cOW1ter to overflow. All pulses longer 

than 31. 5 ~sec will register as 32jJ-sec. Entry of the first pulse of a se­

quence into the pulse steering circuit also starts the recorder control and 

readout action. 

The 13- bit time counter receives pulses from Subsystem C & C at l-second 

intervals. The maximum count is 8192 seconds. To minimize the possibility 
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of error, a portion of the time counter circuits prevents (he time counter 

from changing count during readout. Time pulse that occurs during read­

out is delayed and then added to the counter after readout. Every 8192 

seconds a pulse is supplied by Subsystem C & C to reset the counter and 

ensure synchronisln with the vehicle clock. 

One-shot delay multi vibrators, which are triggered by the pulse steering 

circuit, start the recorder three maximum pulse intervals minus 10 milli­

seconds after the first received pulse. The recorder requires less than 

five milliseconds to reach recording speed. Three maximum pulse intervals 

:ninus Hve milliseconds after the first received pulse, the readout counter, 

which renerates clock pulses 1 to 50 at a 10··kc rate, is started. 

The binal y numbers in each information counter and on the frequency shaft 

enco~er are read out by the clock pulses through AND gates in the data 

sampler matrix se,ction. A parity-check bit is also added. The write por­

tion of the recorder circuits transforms the data to non- return-to-zero 

(NRZ) fonn for entry into the tape recorder. Four tracks are recorded-­

two each of data and lO-kc timing pulses. Clock pulse 51 stops the tape 

drive and resds the data handler to its initial conditions. 

The reproduce section of the recorder circuits combines the information on 

the redundant timing and data tracks of the tape recorder and converts com­

bined information to return-to-zero (RZ) forIn for telemetry transmission 

to the readout station. The order of the RZ output format will depend on 

whether the recorder playback is in the reverse or forward direction (first 

or second readout). During readout the recorder cpera';ion is controlled by 

RTC IS from the TAS. 

The data handler readout of time information alone or time and attitude in­

forrnation alone can be controlled from the power and control assembly. 

The attitude lUcasurement is made by driving the data handler with a signal 

conSisting of a three-pulse sequence derived from the attitude converter 

described in paragraph 2.5.4. The time between the first and second 

pulses is proportional to the pitch reference voltage; the time between the 
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second and third pulses is proportional to the roll reference voltage. The 

sequence is fed into the pulse steering circuit and appears as a PRF 

measurement of the tl and t2 counters; ho\vever, no frequency or PW 

measurement will appear in this word. This attitude word is produced 

once for each complete frequency scan cycle (located between band 1 and 

2 words). 

A one-bit parity counter that is triggt:'red by each prect'ding data pulse dur­

ing readout adds a "I" if the number of l' s on bits 1 through 49 is odd. This 

provides the TAS with a means for detecting bit errors in recording or data 

transmis sian. 

Provision is made for pe rmitting the data handle r' s output to bypass the re­

corder upon command. By using this direct readout and by inserting a test 

signal input to the data handler, the data are transmitted directly over the 

data link without recording, the re by providing a direct check on the opera­

tion of the ,data handler alone. This check can be used to determine whether 

the redundant handler should be switched in. 

2.4 TAPE RECORDER 

The tape recorder can record digital information in a start-stop fashion on 

magnetic tape, and can, on cornmand. play back this information continu­

ously in either a forward or reverse direction. The start-stop operation is 

used to economize on tape; the tape moves only when information is avail­

able for recording or when it is bemg read out. Stored information may 

be read out in discrete blocks (for ground testing) or continuously. 

The recorder is designed to accept an NRZ type digital signal. In this type 

of word signal, each change of vol tage level. designates a 1 bit. and each 

absence of level change designates a 0 bit. The digital word contains 50 

bits of information and is of five milliseconds duration. The recording is 

accornplished by completely saturating a flexible one-quarter-inch-wide 

magnetic tape in alternating dir~ctions. Four separate and identical chan­

nels are available for recording. Two channels are used to redundantly 
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record 50- bit data words, and the remaining two are used to redundantly 

record 50-bit synchronous Uming words. A schenlatic diagram of a single 

channel read and write amplifie r is shown in Figure Z- 31. Four such cir­

cuits are included on separate printed-circuit cards i:1 the recorder. The 

writ~ circuit consists of four transistors set up in an "H" fashion to switch 

C\..lrrent in the recording head [rom one direction to the other. When a 

ze ro l'!vel input signal is applied, translstor switches 07 and QIO are con­

ducting, and current passes through the head and completely saturates the 

tape in one direction. When a 28-v write signal is applied, transistor 

switches Q7 and Q10 are cut off, and Q8 and 09 conduct. Current now 

passes in th~ opposite direction. Each chan.ge in the input from 0 to 28 v 

or 28 to 0 v results in the tape being saturated in the opposite direction. 

The speed at which the tape moves in the recorder is determined by two 

factors: 

a. The electronic consideration of pulse packing denSity on the tape 

b. The mech,wical consideration of starting, moving, and stopping 
the tape and associated mechanisms at rates in keeping with the 
system requirements 

For the particular read head and amplifiers mvolved, tape speeds of approx­

imately 18 ips or faster give adequate response. Conversely, tape speeds 

of 30 ips or hster impose mechanical resonance problems and pose diffi­

culties in bringing the tape ~,~ the correct speed in the desired time. The 

speed of 22.5 ips was selected as a practical compromise of the two factors. 

In par.ticular. the reduc tion [rom 30 to 22.5 ips improves the mechanical 

ope ration by: 

a. Reducing the quantity of tape required (reduced inertia of t::tpe to 
pull) 

b. Lowering the final tape speed (easier start-time reqUirement) 

c. Shortening the length of tape to move per burst of words (reduces 
reel oscillation) 

The tape transport mechanism is set up so that a 13.7 ± 1. 1 millisecond 

rectangular pulse supplied to the actuator circuits will activate the tape 

pinch roUe rs and brake release. The amplitude of this pulse is from 5 to 
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12 v. The leading edge of the actuator square wave is 5.7 ±C.7 millise(:onds 

ahead of the first digit in the information word. The 5. 7-miUisecond interval 

permits the tape to reach the operating speed of 22.5 ±4.5 ips. The end of 

the actuator squine wave extends nominally 3 milliseconds beyond the last 

digit of the word. At the end of the actuator square wave, the pinch roller is 

pulled away from the tape and braking torque is applied by the brake. The 

maximum actuate rate of the recorder is 66 actuations per second. The tape 

length is sufficient for 10,000 recorded words. The actuator and recorder 

control electro;llcs are shov.n in Figure 2- 32. When an input pulse is applie-i 

to 01, it conducts, causing Q2 to conduct which in turn causes Q3 to conduct. 

Current drawn through Q3 energizes the' brake coil (which releases braking 

torque) and also jraws current through the low-resistance pulse coil of the 

actuator. 

To accomplish continuous tape motion a separate actuator line (to a high re­

sistanc e actuator coil) and a separate brake line are supplied. A grounding 

signal can be supplied through these separate lines to maintain steady-state 

conditions. Less power is required in the steady-state mode than in the 

pulsed mode. 

In the readout mode. each change vf state on the tape produces a positive 

output pulse in its respective output channel. A zero bit on the tape (no 

chanije of state on the tape) results in no signal being issued on the particular 

channel. The circuit that accomplishes the readout- -the read amplifier cir­

cuit--is shown in Figure 2-31. The stages that include Q1 through Q4 are 

biased somewhere between saturation and cutoff. When a change of state is 

sensed by the head. either a positive or negative pulse--depending upon the 

direction'of saturation of the tape--is intro:iuced into the input of the read 

amplifier. Depending upon the polarity of the input pulse Q1 becc.nes more 

conductive or more cut off. Each succeeding stage amplifies the input pulse 

in a similar manner until a pulse is introduced into the pulse transformer. 

The output pulses are full-wave rectified and only the negative-going pulse 

wiLl pass through to Q5. When a pulse passes to Q5, Q5 will conduct causing 

emitter follower Q6 to conduct:. resulting in a positive pulse at the output. 
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An electrically conducting leader is spliced to each end of the tape and is 

connected to the supply reels. In the event that the system fails to supply 

the proper stop signals, sensors are provided which automatically prevent 

the tape from leaving the supply reels. A summary of the tape recorder 

spec die ations £0110\\f8: 

Number of Tracks: 4 {two for information and two 
for synchronization} 

Steady-State Recording Speed: 22.5 ips 

Steady-State Readout Speed: 22.5 ips 

Start-Record-Stop Cycle: 

Bit Density: 

Tape Capacity: 

Tape Length: 

Tape Wldth: 

5 milliseconds for each interval 
(nominal) 

4<15 bits per inch (nominal) 

sufficient for 10,000 record blocks 

251J feet (nominal) 

0.25 inch 

When the back end of the tape hCls reached the record he ads. the recorde r 

will autornatically rewind and the ferret equiprnent will be ready for new 

intercept data. 

2.5 PA YLOAD CONTROL EQUIPMENT 

Tlw control functions for the payload are perforn1ed by the power and control 

assembly shown in Figure 2-33. A block diagram is sh::J\vn in Figure 2-34. 

The pc\ver 3.nd cont!"'ol asscD1bly consists of the folio\ving: 

a. Repeat Cycle Timer - This unit controls the band-switch cycle, 

b. Low-Voltage Power Converter - This unit supplies 12 v for the 
transistor circuits in the receivers and data handlers. 

c. Internal Progr<Lnmer and Band Code Matrix - This unit generates 
the signals that place the start-stop <.' 1.e words on the tape, and 
provides for receiver blanking during the recording of these words. 
It also provides a digital indication of the receiver that is actively 
scanning. 

d. Test Generator - This unit provides a test signal to check t:1C p'~r­
formance of the receivers and/or data handlers. 
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e. Recorder Cl.mtrol - This ~nit controls the power for the readout 
circuits. It also programs the tape drive motor in the proper di­
rection for recording and re adout. 

f. I-F Preamplifier Gain Control - This unit permits the gain of each 
preamplifier to be changed in l-db steps. Eleven steps and one off 
position are provided. 

g. Redundant Circuit Control s - This unit is a switchover network that 
switches critical signals from one data handler to the other. 

h .. Attitude Converter - This unit is a d-c Level-to-pulse interval con­
verter. It converts the analog voltages--pitch and roll--to pulse 
format for digitization and recording on the tape. 

i. Crystal-Current Monitor - This unit io made up of a set of magnetic 
amplifiers that amplify crystal currents to a level suitable for tele­
metering purposes. 

These units control the basic operations of the receiving and data handling 

equipment. The selecticns of modes of operation (Table 2.-3) are accom­

plished by the real-time commands (R TC) and stored program commands 

(SPC) supplied by Subsystem C&C to the payload. These commands are re­

ceived in t.he form of relay contact connections. 

2.5. I Modes of Operation of Payload Equipment 

There are five basic modes of operation of the payload equipment; they are 

listed in Table 2-3. The table indicates the SPC's or RTC't. that initiate the 

respective modes. The normal-receive mode, which can be activated by 

either SPC's or RTC's, has a large number of variations. 

The variations have to do with the band::! that are energized. This mode, 

when controlled by SPC's, is completely flexible; when it is controlled by 

RTC's, aU bands are aduated. The receive-with-direct-readout mode is 

the same as the RTe-actuated normal-receive mode except that the recorder 

ia bypassed- -that is, the digital data are read out into the data link without 

being reco rded. 

In the normal readout mode t.he recorder runs in the reverse direction. The 

first intercept word read out is the last one recorded. When aU the data have 

been read out, the read heads of the tape recorder are at the front end of the 
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Table 2-3 

MODES OF OPERATION OF F-2. (FLTS I, 2.) FERRET EQUIPMENT 

Mode 

1. Normal receive 

a. Energizes band 1 

b. Energizes band 2 

c. Energizes any combination of 
above bands 

d. Energizes all bands 

2. Receive with direct readout 
(all bands) 

3. Normal readout 

4. Second readout 

5. Test receive--direct readout 

a. Equal signals to I-F strips 

b. 3-db attenuation of inhibit 
signal 

c. 7-db attenu.ation of inhibit 
signal 

d. Video supplied to data 
handler 

SPC 
(in required time order) 

1,7.6.8 

2, 7. 6. 8 

any, (I to 5). 
7, 6, 8 

RTC 

14, 6, 2, 7 

14, 6, 13, 7 

3, 1 

2, 1 

14, 13. 6, 9, 10, 12* 

14, 13, 6, 9, 10, 
11, 12.* 

14, 13, 6, 9, 10, 
ll. 12 

14, 13. 6, 9. 12* 

In addition, there are two otl:er functions performed by the RTC' s and that can be considered 
ITjodes of operation. 

1. I-F gain adjustment 

2. Change data handler 

*RTC 12 must be opened for reset. 

r--"" r-~ 

j' 

4, 5 

8, 12* 

....--, 
l ; 

» 
"0 
"0 a 
< 
I~') 
10'1 
Ii) 
:~, 

I~' ,~ -4 
I\) 
a 
-J --a 
00 -­...... 
-J 
() 
a 
0'1 

a 
a 
a 
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tape. If the recorder is now commanded to run in the forward direction, a 

second readout of data may be accomplished. Intercept words are now read 

out in the same order in which they were recorded. 

The test-receive mode is used to check the performance of the I-F ampli­

fiers, amplitude comparator, and payload data handling system. This mode 

is a receive-with-direct-readout mode, except that a test generator is ener­

gized and the receiver local oscillators are not energized. The test mode 

has four phases: (a) equal I-F signals are fed to all I-F amplifiers, (b) the 

I-F signals fed to the inhibit channels are 3.0 db less than those fed to signal 

channels, (c) the I-F signals fed to the inhibit channels are 7.0 db less than 

those fed to the signal channels, and (d) a video signal is fed directly to the 

data handler. Although I-F signals are applied to all I-F amplifiers, re­

sponses are obtained only from the actuated band. During the test-receive 

mode of operation all critical points are monitored. 

'fwo other operational functions can be activated by RTC' s . They are I-F 

gain adjustment, and the substitution of the redundant data handler. An I-F 

gain correction can be made if the operation in the test-receive mode indi­

cates the necessity. These gain corrections are made on each I-F amplifier 

by a two-step process: first. the amplifier whose gain is to be corrected is 

selected, second the gain correction is made. These corrections can be 

made to compensate for changes in the gain of an individual I-F amplifier or 

in the preceding stages. The capability of switching to the redundant data 

handler is provided in case of failure in the original unit. The failure of a 

data handler will be determined by analysis of the monitoring data and inter­

cept dat.a. 

2. 5. 2 On - Off C ont rol and rnt e rnal Prog ramming 

The payload is placed in its various operating modes by means of SPC's or 

R TC IS. R TC I S are used when the satelli.te is within range of a TAS. At 

other times SPC1s with proper time indexing perform the turn-off and turn­

on operations. 
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2.5.2.1 Stored Prog=am Comman~~ A list of SPC's required for the 

payload are tabulated in Table 2-4. Six commands are required. These 

commanC.s are provided in the form of sets of relay contacts that perform 

the following functions: 

a. Activate either or both receivers. 

b. Permit the tape recorder drive motor to turn in the forward 
di rection. 

c. Turn on low voltage supplies, start the repeat cycle timer. 

d. Turn on power for the local oscillator; put a preliminary identHica­
tion word on the tape (via the internal programmer), and then un-
bl ank the receivers. 

Z. 5. 2. 2 Real-Time Commands. The RTC's required for the payload are 

tabulated in Table 2-5. Fourteen commands are required. These com­

mands are also in the form of sets of relay contacts that perform the follow­

ing functions; 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

j. 

Permit the tape recorder drive motor to turn in the reverse 
direction (the direction for data readout). 

Apply power to the read electronic circuits. 

Permit the tape recorder drive motor to turn in a forward direction 
(the direction for a second readout of data if a second readout is 
requi red). 

Activate all receivers. 

Turn on low voltage power supplies (similar to SPC-7). 

Turn on power for local oscillators (similar to SPC-8). 

Permit a gain adjustment for any preamplifier. A gain adjustment 
is made in 11 steps of 1 db each. An off position is also provided. 

Permit operation of test generator for checking on-orbit operation 
of receivers and data handling equipment. 

Pe rmit switchover to standby data handler (and return). 

Permit a direct readout from data handler (bypassing recorder). 

Z. 5. Z. 3 Timing Diagram. A timing diagram of the sequence of SPC' s for 

the normal receiver cycle is shown in Figure 2-35.. 
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Table 2-4 0 

() 
7'( 

STORED PROGRAM COMMANDS FOR F·2 (FLTS 1, 2) :r 
m 
m 
0 

~ 
'" SPC Command () 

"" Number Name Function Contacts (a) Contacts (b) >-
:!l 
() ACTIVATE a. Applies 

'C1l5-v ac 2-kc ~+28v 0 
'" BAND 1 filament 
(3 
"" 

voltage 
>-
-4 

b. Enables AI. To 6. 3-v ac ~ To motor con-0 
Z motor con- transformer troller and 

» troller and power controller » 
'0 

'0 in receiver '0 
'0 power con- ..., 
..., 0 
0 troller to be < 
< CD 
CD energized c. 
c. -- +28 v to motor controller 

0 
0 2 ACTIVATE a . Applies 115-v ac 2-kc to ..., 
..., 

;U 
;U N BAND 2 filament 9. O-v ac transformer and power controller in ,~ 
CD I 

CD \Jl voltage receiver CD 
...0 

Q) 
Q) CJl 
CJl b. E:nables CD 
CD 

I\) motor con- I\) 
a 

a troller and -J 
-J ---- power con- a 
a 00 
00 troller to ---- ..... ..... be ener- -J 
-J 
() gized 

() 
a 

a 0'1 
0'1 

3 Not used in F-2 (Flts 1. 2) 
~ 

a 
a a 
a Vii 4 Not used in F-2 (Flts 1, 2.) a 
a VI CJ.) 
CJ.) ;:= CJ.) 
CJ.) rn 5 Not used in F-2 (FIts 1, 2.) 

CII r-
::s 

~ C1. 6 MOTOR DRIVE Starts tape To RTC-2 and RTC-3 Not used 
VI CIl :: FORWARD drive motor in +2.8 v tape recorder <0 
() forward direc- forward o I m ..... t!>-
0 Hon J;: t!>-

<: a -J 
Vii m t!>-

o N 
..... w 

Z 

------------,--'-"'--

&iuHfAh'd 't tnit+nen C:l:t t trn nr" = Mh C 



» 
"0 
"0 a 
< 
CD 
c. 
0' ..., 
;u 
CD 
CD 
Q) 
CJl 
CD 

I\) 
a 
-J --a 
00 -­...... 
-J 
() 
a 
0'1 

a 
a 
a 
CJ.) 
CJ.) 

5 
n 
'" :::r 
m 
m 
o 
::!: 
"" n 
'" )-

:!j 

8 
"" o 
'" )-
-4 o 
Z 

C/) 

~~ 
--I 

3: 
ift 
VI 
;::: 
m 
Q 

it 

~ n 
m 
o 
<: 
ift 
6 z 

r--' .......--. 

SPC 
Nwnber 

7 

8 

.----. 

Command 
Name 

READY 
RECEIVERS 

RECEIVE 
CYCLE ON 

r---~ 

Table 2-4 (contd) 

a. 

b. 

Function 

Energizes 
low-voltage 
power 
supplies 

Starts re­
peat cycle 
timer 

Contacts (a) 

+28.3 v low-voltage 
power supply, re­
ceivers and data 
handler circuits 

a. Triggers 2 kc to all receivers 
internal 
program-
mer, blanks 
and Ufl-

blanks am-
plitude 
comparator 

b. Applies 
power to 
local oscil­
lator via 
power con­
troller in 
each re­
ceiver 

r-------

Contacts (b) 

400-cps power for repeat 
cycle timer 

To internal progrcunmer 

,--"' r----- ,-..-.-, r--"'1 L'"J 

» 
"0 
"0 a 
< 
CD 
c. 
0' ..., 
;u 
CD 
CD 
Q) 
CJl 
CD 

I\) 
a ...... 
-J --a 
00 -­...... 
-J 
() 
a 
0'1 

a 
a 
a 

t""~ 
E;:: 
CIl 

<t::3 o I ..... .;.. 
~.;.. a -J 
CD ..,. 

tv 
..... w 

Ii 
1..- ,' __ .0/ 

ot...-L ...... ..,.....l_ .~_~ ___ ~ __ ~~ ________ ~_______ re'e .. 



.... Table 2-5 0 
() 

REAL-TIME COMMANDS FOR F-2 (FLTS I, 2) 7't 
I 
m 
m 
0 

~ RTC Command ,.. 
() Number Name Function Contacts (a) Contacts (b) ,.. 
). 

::!l 
1 () READ-OUT Applies ground ~ To recorder '~ Permits auto 0 to holding cir- actuator and rewind on ,.. 

0 cuit on re_ brake _ second readout ,.. 
corder actuator ). 

.L- To recorder A---1 

6 
» z 2 MOTOR DRIVE a. Applies To latch relay To shaper latch relay "0 » FORWARD power to "0 "0 ..., 

"0 
shaper and 0 ..., 

< 0 
CD < read arn- e. CD -e. pEher 0 - ..., 

0 
b. Drives tape ;U 

..., 
CD ;U N 

motor in CD CD • 
'00 CD 0--

forward CJl 00 
CD CJl direction .. 

CD 
I\) 
a I\) 

c. Starts auto a 
-J rewind if ---J a -- RTC-I is 00 a --00 ...... -- closed -J ...... 

-J () 
() 3 MOTOR DRIVE Starts tape mo- Interlock for RTC-2 +28 v (from SPC-6) a 

0"1 a REVERSE tor in reverse To recorder and read 0"1 a 
direction power contactor a a 3: a a 

CJ.) a ~ 4 PREAMPLI- Selects pre- To rotary solenoid Not used CJ.) CJ.) 
CJ.) ;::: 

FIER SELECT amplifier for m 
Ii1 r-Q gain adjust-

~ it 
Ii1 ment V'l 
~ <tJ 5 GAIN ADJUST Selects gain To rotary solenoid Not used 0 I () 

.... 01>-m 
position on se- via preamplifier ~ 01>-0 a ..... <: lected pre- select switch m 01>-Vi amplifier N 6 ..... v.D 

z 

.-----------"------------
M5-i5b&f&st,"'C'ttdt .»¥Ii@"mte"S"rDt6FW-i:fs&rtH'wrt 1t - ... -_-_-____________________________________ _ ____________ ~ mwftllllfllb.it'i" 



r 
0 Table 2 - 5 (contd) n 
7<: 
I 
m 
m 
0 RTC Command > 
;;0 Number Narne Function Contacts (a) Contacts (b) n 
'" > 
21 6 RF.ADY Same as SPC-7 (see SPC-7) (seeSPC-7) 
n ~:;:::CEIVER 
0 
'" 7 RECEIVE Same as SPC-8 (see SPC-8) (see SPC-8) -0 

0 
"" CYCLE ON 
> ..... 
(5 8 STANDBY Switches in To switchover network Not used 
Z CIRCUIT standby da La 

CONTROL handling 
system » » "0 

"0 9 TEST Turns on video +12 v -12. v "0 ..., 
"0 

~[ 
..., 

GENERP.TOR t e 8 t generator To pulse generator To pulse generator 0 
< 
CD CONTROL c. - N 10 TEST Turns on 013- +12 v To relay for switching 0 I 

$1 
..., 

0' GENERATOR cillator, dis- To oscillator 13 and to internal program-;U N 
CD CONTROL connects video mer CD 
Q) generators 
CJl CD 
CD from data .. 

I\) 
I\) handling ays- a 
a 

tern. unblanks -J 
-J ...... 

receivers a ...... 
00 a ...... 00 ...... ...... 

11 TEST SwitcheG in To attenuator relay To RTC-12 -J ...... 
-J 

GENERATOR attenU4cor 3-db in test generator () 
() :!: a 
a v; CONTROL 0"1 
0"1 '" a ;::: 
a m 12 TEST Switches in To attenuator r,.!lay To data handler reset a 
a '" a 
a CI GENERATOR attenuator 7 -db in test generator circuit t""' 

CJ.) 
CJ.) :::J CJ.) 
CJ.) a. CONTROL (when RTC-ll E:: '" ." is closed) en ,.. 

<0 1'"'1 
m 

DATA Reaets data To RTC-8 o I 

0 ,...,;:. 
<: HANDLER handler ~.;:. 

v; 
RESET a~ 

5 () .;:. 
NO 

Z ..... 1.0.1 

~ r--' r-' ~----, r--'1 r--t 

... ;" _'\ •• ' •• ".', - h~~- f;t;.t."S.~ ~ ........... ....... _, .'d»);),"' ··JW~·~${4"bwn,··~AAftN:i~~,·Jttt:ttf .. 'l~""""'Qq",e}1!h.2!!Itt£ert$:a~#!fIt 1ft'fre.!'rnw t11 r 'tnnrrz", ~ .. __ 
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"0 
"0 a 
< 
CD 
c. 
0' ..., 
;u 
CD 
CD 
Q) 
CJl 
CD 

I\) 
a 
-J --a 
00 -­...... 
-J 
() 
a 
0'1 

a 
a 
a 
CJ.) 
CJ.) 

g 
x 
::r 
8 ,.. 
~ 
~ 
8 
~ 
~ 
::::1 

~ 

~':' 
~~ 
f'T1 
-I 

J: 
~ 
ffi 
! 
~ 
m 
o 
S 
~ 
o z 

RTC 
Number 

13 

14 

oj -_.-.-----

Command 
N:tme 

REAL-TIME 
READ-OUT 

ACTIVATE 
ALL BANDS 

Table 2-5 (contd) 

Function 

Connects output 
of data handling 
system directly 
to data link 
(bypass re­
corder~ 

Activates all 
receiver bands 

Contacts (a) 

+28 v 
Control relay and read 
power contactor 

+28 v 
To each receiver 

----~---------- --------------

Contacts (b) 

Interlock for read 
amplifier power 

Auxiliary relay for fila­
ment power » 

"0 
"0 a 
< 
CD 
c. 
0' ..., 
;u 
CD 
CD 
Q) 
CJl 
CD 

I\) 
a 
-J --a 
00 -­...... 
-J 
() 
a 
0'1 

a 
a 
a 
CJ.) 

t"' CJ.) 

:;:: 
(Jl 

<t:l 
o I 
_.J:o. 
~ .J:o. 
S -J 
(D ~ 

N 
.... VJ 
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ON-CYCLE 

I -SPC-I AND -2 CLOSE 
~ FILAMENT WA9M-UP STARfS 

48 SE CO NOS '----s -I' C---,-c L-O-S-E-S-

LOW- VOLTAGE POWER SUPPLIES ONi 
TIMER MOTOR ST."IRTSI BAND SWITCl'1ING CYCLE ON 

56 SECONDS r ~ SPC -6 CLOSES 

~J Y TAPE DRIVE MOTOA RUNS IP~ FO~WARO OIIitECTION 
ALL RECEIVERS [lLANK 

- 64 SECOI\DS -- . __ ~SPC - e! CLOSES ANO fI',''''VIOES POWEll! 
__ --Iff r TO LOCAL ~SCILLATOIlt 

---;.r . 

INTERNAL PROGRAMMER 
ON-CYCLE 

I INITIAL RESET 

~ 15 -1 TIM!!: ONLY 
,.---~-- (US!!: T"AlLlNG EOG!: 1 _____________ ~_ MILLI~EC _ 

t 

c:J UNBLAIIII( 
_____________________________ ~5--~RECF.IVERS 

MILLISEC 

SPC-I AND ·2 OFF 

Volume I 

l SPC- e 011'11", I't!MOVe: 
_ POWER TO LOCAL 03CILI.ATCRS 

I ALL ~ECEIVEJIt' BLAHKED 

,..... ____ ..-, TIM! ONLY r 713 J (USe: TIIIAILINQ 

-----..... ~ fiIIIll..LISEC ~;";:.~;.,j,}---

, 
I " 
f ~-If----;L"" 
,...-IIUCOf\iOI 

OPC -I AND-70" 

4474H-I-0]7 

Figu re 2- 35 Timing Diagraw of System On-Off Control 
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&. At time To' SPC-l and SPC-2 p'!'rmit filament power to warm up the 
loca.l olldllatorll and al,o permit motor control relays and power 
control relays to be energized. 

h. At To +- 48 leconds, SPC-7 turnl!l on low voltage power supplies and 
.tart .• the repeal cycle timer. 

c. At T, + 56 lIIeconds. SPC-6 starts the tape recorder motor in the 
for~';lrd ail e :tion. The motor has 8 lIF-condl!! to get up sp..:ed before 
the reCCl\'erl ar ... turned on. The receivers are bLinked at this 
tan ... 

d. At To" 64 secondl'l. SPC-B turns on power to the local ollcillators. 
The ~n(ern.'ll programmer is triggered at this time. The following 
Ingnals are generated: 

1. An iOltl.ll reset !lign:ll is 8ent tc' the data handier . 
., ... A is-mI\L~econd g,lte ill generated and is used to pull in the 

r!"'cor,jf'r capstan and to put a short space on the tape. The 
trad 111,-: edge of tlus gate IS used by the data handler to write 
a tlIne only start word on the tape. 

3, Fifteen mlliiseconds later, the receivers are unblankcd. 

The ordc.-r of the.- t'.lrn-off cycle is: 

a At tinH' T I _ SPC-8 remove!! power fro:11 local oscillators and both 
receiVer!! are blanked. SPC-I to l open and permit further re­
ce'iver actIon: 

1. A 7S 'mlllis('cond gate il'! generated. The trailing edge of this 
gate i!'l used by the data handling system to write a time only 
stop word on the tape. 

Z. A IS-millisecond gate is triggered by the. trailing edge of the 
75-millil1econd gate. The trailing edge of the IS-millisecond 
gate tnggers the recorder start-stop multivibrator in the data 
handler. This places a small trailer on ~he tape. 

b. At T} +}6 !!econlis, SPC-7 turn3 off the low voltage power supplies 
and remove!! 400-cpa powc.-r from the repeat cycle timer. SPC-6 
stops the tape motor. 

2.5. Z.'; Internal Programmer. The internal programmer generates the 

long dday gates when triggered by the opening and closing of SPC-B or 

RTC-7. Figure 2-36 is a block Uldgram of the circuit. Several trigger cir­

cuit. are required. These arc resi8tor capacitor networks. When SPC-8or 

RTC-7 transierl'l from of! to on pO!'lition, a capacitor is discharged through a 

n:!lltltor, ..;cneratlng a trigger; thill action also starts a 75-mill.isecond delay 
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multivibrator. This multivibrator places the zero word leader on the tape. 

The trailing edge of the multivibrator signal causes the tape data handling 

system to record a time -onl y start word. When SPC -8 transfers from the 

on to off position, a second 75 -millisecond delay multivibrator is triggered. 

The trailing edge of the multivibrator signal causes a time only word to be 

recorded on the tape, In addition, a IS-millisecond multivibrator is trig­

gered. The trailing edge of its signal, places a zero-word tra'ler on the 

tape. A trigger circuit is also included; it unblanks the receivers whenever 

the test-receive mode is initiated, 

2.5.3 Low-Voltage Power Supply 

The power available from the vehicle auxilia=y power supply does not fill all 

the needs of the ferret equipment. It i8 therefore necessary to provide low­

voltage regulated power supplie::l for transistorized circuits. The primary 

considerations in the design of these supplies are overall efficiency, size, 

weight, and reliability. Special power supplies that are required by each 

receiver, including filament transformer power supply, are included in each 

receiver assembly. The power converter in Subsystem F supplies :tlZ v. 

The regul ation is ±l. 5 percent under all conditions of load, input, and tem­

perature variations. Maximum output current is 500 rna for each outk-'ut (+1 Z 

and -12 v). A saturable-core square-wave voltage converter is used to sup­

ply the ±I2 v. To increase the overall converter efficiency, the regulated 

28.3 v de supply voltage i6 used a8 the input voltage. 

The ±12 v power supplies provide transistor operating voltages for the data 

handler, cO'1trol circuits, 1- F amplifier, a.nd a.mplitude comparator. 

The ±I2 v power !!Iupplies have identical circuits (Figure Z-37). The input to 

each regul ato. is a rectified and filtered 1 ~kc square wave derived from a 

common dc-to-dc converter, 

Error amplifier Q8 compares the voltage at the junction of divider R9 and 

RIO with the voltage from CR7 and CR8, Since R9 and RIO are across the 

output, the voltage at the emitter of Q8 is proportional to the output. The 

base voltage of Q8 is fixed by voltage references CR7 and CRa; therefore, 
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the collector current of Q8 is proportional to the output voltage. This 

collector current, amplified by Q6, flows through resistor R4. The voltage 

drop across R4 is the collector voltage drop of series transistor 04. which 

controls the output voltage. 

2.5.4 Attitude Converter 

To record satellite attitude data with intercept data on the digital tape re­

corder, it is necessary for the attitude data to be in digital form. The atti­

tude is measured by a horizon sensor (not part of Subsystem F). The outputs 

of the sen!!or are d-c voltages that are proportional to the displacement an­

gles (pitch and roll) measured w"Hh respect to the satellite axes. The polar­

ity of these VOltage s depends on the direction" of displacement. 

The conversion to digital form is a two- step proces s. First, pulses are 

generated, with their time separation proportional to the pitch and roll volt­

ages; s~cond. this time separation is measured by digital techniques to pro­

duce a digital number. 

The conversion from voltage to time is made in the attitude converter shown 

in Figure 2-38. This unit contains two sweep generators, one for each atti­

tude voltage. The sweep generators start their :Jweep at the most negative 

voltages expected and rise through zero to the most positive voltages ex­

pected. The first sweep (pitch) is triggered by the payload control system; 

when the sweep voltage equals the pitch voltage. a pulse is generated that is 

separated in time from the triggering pul se by a time proportional to pitch 

voltage. The pulse generated by the pitch measurement triggers the second 

sweep, which responds to roll voltage in the mame manner as the first sweep 

does to the pitch voltage. Thus, the output of the attitude converter has the 

form of three pul ses. The interval in time between the first two represents 

the pitch di.splac~ment, and the interval between the second and third repre­

sents the roll displacement. These three puleles are fed to the data handler 

which re sponds to them as if they were a normal intercept; consequent! y. it 

measures thelje two pulse intervah and records them. Attitude data are 
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Figure 2-38 blJck DiagraITI of Attitude Converter 
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recorded once each frequency Bean cycle. The epecifications for the attitude 

converter are listed below. 

Range of Input Level 

Digitization Range 

Sweep Accuracy 

2.5.5 I-F and Video Test Generator 

-5 v to +5 v 

3 to 43 

±O. 75 v 

The test generator will enable on-orbit testing of the I-F and video cunpli­

fiers. the amplitude comparator I and the data handler. 

The test generator, shown in Figure 2-39. consists of a puLse generator that 

supplies a video signal to the data handler, and a 60-Mc oscillator which is 

modulated by the pulse generator. The 60··Mc oscillator suppLies a signal to 

the signal and inhibit I-F amplifiers. Attenuators are included to reduce the 

signal to the inhibit I-F amplifiers by 3 db and 7 db and to thus check the se­

lection level of the amplitude comparator. The test generator is progrcunmed 

by four RTC's. 

The pulse generator is turned on by RTC-9. The characteristics of the out­

put pulse are listed below. 

PW 
PW Stability 

PRF 

Rise Time 

Fall Time 

8. 0 ~sec 

::1::0. 5 ~sec 

400 pps 

0.5 IJsec 

1.5 tJ-sec 

These pulses are derived from a one-shot multivibrator that is triggered by 

the 400-cps supply. A detector circuit is included to provide an indication of 

pulse generator operation. A d-c voltage from the detector is transmitted to 

the telemetering equipment. The pulses from the multivibrator are normally 

directed to the data handling equipment. 

The 60-Mc oscillator is turned on by RTC-IO. The oscillator has a fre~ 

quency stability of ±U. 5 Me. 
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When the oscillator is used as a test signal source, the pulse generator is 

disconnected from the data handler and is used to modulate the oscillator. 

The oscillator output is directed to each preamplifier through suitable isola­

tion and attenuator networks. RTC-ll and RTC-l2. decrease the inhibit sig­

nal by 3 db and 7 db, respectively. 

The frequency and band information will depend on where the receivers hap­

pen to be tuned. The re wilt be no PW measurement because the video signal 

is injected direct! y into the dat a handler. bypassing the amplitude comparator 

and its video PW measuring circuits. When the pulse-modulated 60-Mc os­

cillator is used to check the I-F amplifiers, the output from a detector circuit 

included at the output of each amplifier is monitored to check the gain­

tracking characteristics. The test signal sent to the inhibit I-F amplifier is 

attenuated 3 db by R TC-ll. An activity indicatol ::.'n the output of the arr:.pli­

tude comparator is checked. When the inhibit signal is attenuated 7 db by 

RTC-12, an accept pulse is transmitted to the data handler. This checks the 

selection level on th-:: amplitude comparator. The monitoring points provide 

an indication when the video pulse is accepted by the data handler. A contin­

uous train of intercept words is transmitted to the ground station via the data 

link. The information in these words is the same as in the video test words, 

except that a PW measurement is also made. 

2.5.6 Monitoring Control 

The monitoring points for the payload equipment are summarized in Table 

2-6. The selection of the monitoring points was a compromise between 

equipment simplicity and sufficient monitoring information to sense failures. 

the frequency response of telemetering equipment limits the monitoring band­

width to about 0.5 to 8 cps if many points are to be monitored with onl y one 

transmitter. 

2.5.7 I-F Preamplifier Gain Adjustment 

A gain adjustment is provided for the two preamplifiers contained in each re­

ceiver. Elevt~n steps of I db each and an OFF position are provided. The 
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Front end of 
tape 

Back end of 
tape 
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Required 
(percent) 
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gain adjustment i. made \,Ieina: fIIucceeeive operation of an RTC. A rotary 

eolenOld change1ll the poeition of a. wafer lII'witch which in turn varie. the re­

l'Iilllance in lerie. with the preamplifier. Thi. proce.s iIII depicted in Fig­

ure 2-40. A voltage divider network provide!!, for telemeterini to the TAS 

the posHlOn of the wafer lJwltch. To allow {oJ:' expected inaccuracies o{ the 

telemetry equipment, the 1IIupply voltages, and the divider networit, a {our­

levd coce and (""0 telemetry pointe per IIBwitch are used. The code is liated 

belew. 

POllitlon Code 

11 

" 1Z .. 
3 13 

4 14 

5 ZI 

6 ZZ 

7 23 

8 24 

0 31 J 

10 3Z 

1 1 33 

12 34 

Each code number refertl to one of four voltages at one of the two monitor 

points. Thcl'c normal voltage!! are 0.60,1.76.2.85, and 3.86 v. 

2.5.8 B:lnd-::';wltch Sy!!tem 

Each receiver containt! the components ne!cenlilary to tune the local oecil-

13tor, to ,1pply power to the receiver circuite, to unblank the receiver for 

the propernterval and to present a digital indication of the frequency to 

"'nch the f<'cely!"r is tuned when an intlercept ie recorded. The components 

r~qlllrcd for thcse functions are: 
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Figure 2-40 Schematic Diagram of I-F Gain Control 
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a. Band-tuning motor (scan motor) 

b. Analog-to-digital shaft eflcoder (9-bit gray code) 

c. Sensor circuit 

d. Amplitude compar ator unblanking circuit 

e. Motor controller 

f. Power controller 

2.5. a. 1 Band-Switch Control. Figure 2-41 is a block diagram of the band­

switch system. A repeat cycle timer gene rates initiate signals to start the 

scan motor of each receiver in the proper sequence. The repeat cycle timer 

i8 actuated by SPC -7 or R TC -6 (received from Subsystem C!cC). The initi­

ate pulses are derived from cam-operated micr08witches in the repeat cycle 

timer. In the F-2 (flts I, 2) payload. initiate pulses for both bands 1 and ". 

have a cycling time of 13.5 seconds. SPC-1, SPC-2, or SPC-3 permit these 

initiatl~ pulses to pull in a latch relay, the motol' controller. Either one of 

these SPC'!I also pulls in another latch relay, the power controller (now 

shown in Figure 2-41', The motor controller starts the receiver scan cycle 

and rotates the shaft encocer. A sensor unit continuously reads the angular 

scan !lhaft position in gray code. The gray code readings for the start and 

finish signals are indicated in Figure 2-41. A short time after the end-of­

scan signal for band I is genl;!rated, the initiate pulse for band Z starts the 

scan cycle for this receiver. The band 1 receiver motor, however, con­

tinues rotating until a stop signal is generated from the sensor, unlatching 

the motor controller and stopping the scan shaft at. a reference point; band 2 

!!lean then follows. Figure 2-42 is a timing diagram. The scanning rates are 

selected to permit each receiver to intercept a minimum of three pulses 

from an emitter at the lowest expected PRF. Band-switch c.ata are sum­

marized in Table 2-7. HystereBis '3ynchronous motors are used for tuning. 

These motors have a maximum start time of 500 milliseconds. Their stop 

time in 50 milliseconds. 

The stop-time requirements are met with the aid of a solenoid brake applied 

to the motor shaft. The brake normally clamps the shaft. When power is 
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Figure 2-42 Timing Diagram for F-2 (Flta 1, 2) 
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Table 2-7 

RECEIVER SCAN CHARACTERISTICS FOR F-2 (FLTS 1. 2) SYSTEM 

Minimum Time per Channel Time in 
Band Frequency PRF Channel Number of Bandwidth Band 

Number (Me) --1.e~ (milliseconds) Channels (Me) (seconds) 

1 2500 to 3200 125 24 280 2.5 6.6 
2 9000 to 10,000 125 24 200 5.0 4.8 
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applied to the motor and brake, the brake is disengaged and the motor is free 

to turn. When power is removed from the motor and brake, the brake stops 

the motor rapidly. 

2.5.8.2 Receiver Control Operation. Figure 2-43 is a block diagram of the 

control system for a typical receiver requiring plate and filament supplies 

for operation of the local oscillator. The initiate pulse from the repeat cycle 

timer latches the power controller and the mOtor controller if RTC-14. SPC-l 

or -2 is activated. The power controller applies power to the local oscilla­

tors, I-F amplifier:!!, and arr1plitude comparators. The motor controller ap­

plies 400-cps power to the band scan motor and disengages the brake from 

the motor shaft. The shaft encoder present!! a continuous indication of the 

angular position of the scan shaft. The sensor sends start and finish signals 

to the arr1plitude comparator unblanking circuit. A delay multivibrator keeps 

the unblanking signal active for 25 milliseconds after the receiver is blanked. 

This is sufficient time for the data handler to complete the processing of any 

imercept received at the edge of the band. 

The gating waveform is inverted and then transmitted to the control unit. 

where it used to actuate the proper verification circuit in the data handler. 

It is also used to generate in the band code matrix a digital description of the 

active receiver (Figure 2-44), Power for each receiver is turned off by the 

initiate pulse for the succeeding receiver. 

The receiver blanking input permits external control of the receiver output. 

If a filament transformer is required. it is energized by one set of contacts 

on SPC-l or SPC-2. 

2.6 WEIGHT AND POWER SUMMARIES 

Table 2-8 lists the peak powe r requirements of the system. 

Table 2-9 lists the weight of the ferret equipment. 
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Table Z-8 

PEAK POWER REQUIREMENTS FOR F- 2. (FLTS 1. Z) 
PA YLOAD EQUIPMENT 

Volume I 

115 v 115 v Regulated Regulated Unregulated 
400 cpa 2 kc + 2.8.3 v -2.8.3 v + 28 v 

Mode (watts) (watts) (watts) (watts) (watts) 

Normal Receive 59 17*/35 2.6 Negligible 45 

Readout 30 5.5 O. 1 2.0 

Standby 2. 2 Negligible 

Teat Receive 29 17* 2.7.5 O. 1 2.1 

Rec ei ve with 29 17*/35 2.7.5 O. 1 2.1 
Direct Readout 

Gain Adjust 84 

"'Warmup power only. Power factor will be corrected tu 0.8 minimum. 

Table 2-9 

ESTIMATED WEIGHTS AND VOLUMES OF F-2. (FLTS 1, 2) 
PAYLOAD EQUIPMENTS 

Weight Volume 
ILem 

Band 1 Receiver 

Band 2 Receiver 

Tape Recorder Assembl y 

Data Handler 

Data Handler (redundant) 

Power and Control Assembly 

Structure 

Harneas and Connectora 

Antennas and Mounting Platform 
Including Dummy VHF Antenna 

Total 

LOCKHEED AIRCRAFT CORPORA nON 

.!E2.:1ndsj 

60 
so 
20 

18 

18 

26 

513 

14 

38 

302 

(cubic feet) 

L 21 

0.99 
0.39 
0.45 

0.45 
0.25 
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SECTION 3 

FERRET 2 (FLIGHTS 3 AND 4) PAYLOAD EQUIPMENT 

3. 1 ANTENNAS 

Band 1 and band 3c antennas are being d,esigned to provide about a 30-degree 

signal antenna beamwidth. about a 70-degree inhibit antenna beamwidth. cir­

cular polarization, and a circular coverage area intercepted on the earth's 

surface. Since only the composite radiation pattern of the signal and inhibit 

antennas affects emitte r location. beamwidth of the signal antenna can be de. 

fined as that angular region in which the gain of the signal antenna is greater 

than that of the inhi bi t antenna. Gene rally it is desirable to have moderate 

gains. 10 to 20 db, in signal antennas. Such gain is readily' obtainable in the 

Subsystem F antennas at the highe r frequencies (above 1 Mc) but is impossi­

ble because of antenna size limitations at the lower frequencies. 

The band 1 Ctntennas for the F - 2 (flts 3, 4) payload will be similar to those 

used on the F.2. (flts 1, 2) payload. Their pfacement, however, in the an­

tenna array is necessarily different. 

A single antenn.? structure of a teardrop configuration is used for both signal 

and inhibit functions in band 3b. This is accomplished by operating the an­

tenna in both the sum and difference modes Simultaneously. Because of size 

limitations imposed on the antenna structure. the resulting radiation patterns 

provide a swath coverage and consequently res',llt in modified inhibit action. 

The band 3c antenna is a double-bay turnstile element with a cross type re­

flector plane about midway between the turnstiles. Signal and inhibit func­

tions are obtained by Simultaneously operating the antenna in both the sum 

and diffe rence modes. 

A photo of an engineering model of the antenna configuration for the F-2 (flts 

3, 4) payload is shown in Figure 3-1, on-orbit and prelaunch positions being 

depicted. 

3- 1 
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Figure 3-1 Antenna Nest for F-2 (Flts 3, 4) Payloads 
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3. Z RECEIVERS 

LMSD.4474Z3 
Volume I 

A block diagram of the F·l (fits 3, 4) receiven is shown in Figure 3.2. 

These receivers are generally similar to the F-Z (FHs 1. 2) receivers and 

the general design criteria as given in Section Z {or superheterodyne re­

ceivers apply. "The amplitude comparator, however, has been modified to 

provide lIignal and inhibit video outputs and an "acceptable" pulae output to 

sUFply data that result in inc reased capabilities of the F - Z (fIts 3, 4) pay­

load. Since the band 1 receiver is the same except for these modification., 

the description given in Section Z 1 not repeated here. The receivers for 

bands 3b and 3c are used for the n rst time in F.Z (f1ts 3, 4) payloads and 

are described bf"low. 

The receiver for each band provideA the necessary outputs to the data hand­

ling circuits: namely. signal video, inhibit video, standard "accept, " and 

acceptable pulses. The signal video pulse is used for PW and amplitude 

measurements. Both the !lignal and inhibit video pulses are used for ampli­

tude difference measurements. The accept pulse is a standard 5-fAsec 

pulse, generated when the Signal video amplitude exceeds the inhibit video 

amplitude by a preset threshold amount. The accept pulse is used for data 

handler control and PRF measurement. Acceptable pulses are supplied to 

the sir.gle-frequency sequential detector. 

Preliminary receiver scan characteristic!! of the F-2 (fIts 3, 4) receivers 

arl" Rhown in Table 3-1. 

3.2. 1 Pres electors 

Preselector dpsign concept and the band 1 preselector are discussed in 

para~raph 2.2.1. A general schematic of the lumped-constant type of pre­

selector is shown in Figure 3- 3. In band 3b the image attenuation is greater 

than 20 db. t~e bandwidth is 15 Me, and the insertion 108S if; less than O. B db. 

In b.lnd 3c (Figure 3.4) the image attenuation is greater than 20 db, the band­

width is 16 Mc, and the insertion loss i!J 1 db. 

3.3 
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Table 3-1 

RECEIVER SCAN CHARACTERISTICS FOR F -2 (FLTS 3, 4) SYSTEM 

Minimum 
Priority Freguenc y Range PRF 
Number (Me) (pps) 

3b 130 to 290 80 

3c 290 to 650 80 

2500 to 3200 200 

Total B.a.nd Switching Time: About 1.8 seconds 

Total Cycle Time: About 13.8 seconds 

Time per 
Ch.a.nnel 
(s ec ond 5) 

0.0375 

0.0375 

0.015 

Cha.nnel 
Width 
(Mc) 

2. 5 

2. 5 

2. 5 

Number o.f 
Channels 

64 

144 

280 

Time in 
B.a.nd 

(seconds) 

2.4 

5.4 

4.2 
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Figure 3-3 Schematic Diagram of Lumped-Constant Prel!elector 
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Figure 3-4 Schematic DiagraITl of PreselectoTs for Band 3c 

3-6 

LOCKHfED AIROAFT CORPORATION s~ MISSilES arid SPACE DIVIS'ON 

Approved for Release: 2017/08/17 C051 00033 

LJ 

r· ~ .. 

[ 

[ . 

[ . 

! . 

r 

I 



Approved for Release: 2017/08/17 C051 00033 
v L (J 1\ C I LMSD.4474Z3 

Volume I 

3.2.2 Local Oscillator 

Band 1 local oscillator information is given in paragraph Z. Z. 2. Band 3b 

U!les a type 2Nl143 transistor in an oscillator circuit. A vacuum tube oscil. 

lator circuit employing a GE 7077 triode is used for band 3c. Schematic dia­

grams are shown in Figures 3-5 and 3-6. 

3.2.3 Mixers 

Mixer design concept and band 1 mixers are di.cussed in paragraph Z. Z. 3. 

A lumped constant mixer using ferrite cores for the transformer and hybrid 

circuits has been designed for use in the band 3b mixer (Figure 3-7). It has 

a 1.5 to 1 SWR in the R- F band and requires 2 milHwatts of local oscillator 

power. The band 3c mixer is a Tymineki .. Hylas hybrid ring. Ferrite trans­

formers are used to match the crystals to the ring. An SWR of better than 

2 to 1 is achieved in this configuration shown in Figure 3- 8. 

3. Z. 4 I-F Amplifiers 

Although the appearance of the log 1- F strips used in the F- Z (i1ts 3. 4) re­

ceivers is similar to that of the strips for the F-Z (fHs 1, 2) receiven (see 

paragraph 2. 2.4). some changes (to inc rease bandwidth) have been made in 

the circuits. The circuit used in this model of I-F strips hi therefore shown 

in Figure 3-9. The bandwidth characteristics of the I-F filters are shown in 

Table 3-2. The filters are deSigned for 50-ohm source and load impedance. 

The inse rtion 10118 is Ie s s than 5 db and the SWR is less than 1. Z. At mini­

mum insertion los 1'1 the response does not deviate more than O. Z db from a 

maximally flat (Butterworth) responoe. 

To help disc riminate agaL1St spurious responses in the Signal channel, it ill 

desirable to make the inhibit channel bandwidth as wide as possible. For the 

inhibit channel. a notched filter is being considered as an alternate to the 

paas-band filter described above. This filter (60-Mc center frequency) has 

the attenuation characteristics shown in Figure 3-10. Comparative tests on 

receivers with the two types of filters will determine which filter provides 
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-II II 

< OUTI'IUT TO 

C 'i: IIQNAL. CHANNEL MOeU 

C, 
< OUTPUT TO , INHIBIT CHANNEL MIXfA 

U7U).I·Oll 

Figure 3-5 Schematic Diagram of Band 3b Local Oscillator 
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Figure 3-6 Schematic Diagram of Band 3c Local Oscillator 
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Figu re 3 -7 Schematic Diagram of Band 3b Mixer 
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Figure 3-8 Schematic Diagram of Band 3c Mixer 
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the more desirable performance. Characteristics of the preamplifiers and 

log r·F amplWers are listed in Tables 3.3 and 3-4. 

Table 3.2 

BANDWIDTH CHARACTERISTICS OF 1- F FILTERS FOR 
F.2 (FLTS 3, 4) BANDS I, 3B. AND 3C 

3-db Bandwidth 60- db Bandwidth 

Signal 
(Mc) 

2.5 ::i:: 0.2 

Inhibit 
(Mc) 

4.0:J:: O. 3 

Signal 
(Mc) 

6 5 + 1. 5 
. • 1. 0 

Table 3· 3 

Inhibi t 
(Mc) 

14. 0 ~ ~: ~ 

CHARACTERISTICS OF 60-MC I-F PREAMPLIFIERS 

Gain 

3.db bandwidth 

Noise figure (50.ohm input impedance) 

Saturation deviation with input of 
- 30 dbm 

30 :!:: 1 db 

13 ::i:: 1 Mc 

6 db 

I-db max 

Center 
Frequency 

(Mc) ----
60 ::i:: 0.4 

Response to 30- Mc signal at - 30 dbm 
level 

29 db below 60- Mc signal response 

Res pone to 30- Mc signal at - 50 dbm 
level 

30 db below 60. Mc signal response 

3.2.5 Amplitude Comparator 

The amplitude comparator indicates whether or not a signal originates within 

the desired region of coverage by comparing the amplitudes of the viclt'o 

pulses from the signal and inhibit channels. A difference bias determines 

the amount by which the amplitude of the signal channel pulse must exceed 

that of the i:1hibit channel pulse to produce an accept signal condition. 
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,Table 3-4 

CHARACTERISTICS OF 60-MC LOG I-F AMPLIFIERS 

Input dynamic range 

Output dynamic range (video) 

3- db bandwidth (1- F) 

Maximum deviation from log transie r 
characteristics at center frequency 

Maximum deviation from log transfer 
characteristic!! at 60 ± 2.5 Mc 

Maximum tracking error of matched pair at 
60 ± 2.5 Mc 

-70 to .10 dbm 

1 to 10 V 

8 :t 1 Mc 

0.1 V 

0.2. v 

0.2. V 

If the signal-to-inhibit amplitude ratio exceeds the threshold level, the com­

parator generates a 10-v acceptable pulse having a PW equal to the interval 

during which the tl1reshold is exceeded. The acceptable pulse initiates a 5-v, 

5-1'" sec accept pulse that can have a repetition rate not greater than one per 

35 fL sec. Thus several acceptable pulses can be generated for each accept 

pulse. The accept pulse, the acceptable pulses, and buffered video signal 

and inhibit channel pulses are the outputs from the amplitude comparator to 

the data handling and recording circuits. 

The amplitude comparator (Figure 3-11) consists of a difference amplifier, 

Schmitt trigger, and blocking oscillator. The difference amplifier consists 

oi Q1, Q2. and Q3, and will ope rate with C:l3 normally cut off by an amount 

equal to the threshold setting. The output of 03 is diode coupled to 06 which 

inverts and drives t~e Schmitt trigger circuit consisting of 07 and Q8. The 

deSign of this Schmitt trigger is dictated by the dual requirements of direct 

coupling and referencing the output to ground. This output (the acceptable 

pulse) is then buffered (09) to drive a cable and differentiated (08) to drive 

the blocking oscillator. The blocking oscillator, having fired, is blanked by 

its own negative overshoot that holds its base negative for 35!l sec. This 

blanking p-=riod i5 determined by R28. R29, and CR13. 
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A delay network is inserted in ~;erie!:> \<:ith the baBe of Q2. This network 

delays the inhIbit video to the same t'xter.~ ~h;lt the Signal video has been de­

layed in the sipnl channel p.1SS- band fi1:'('r, and degrades 'he inhibit rise 

time to match tt".lt :)f the 51[;n;,1 video. Additional bl.::tnking inputs function 

during band,switching and data handler reset periods. 

04 and Q5 are the signal and inhibit cable drivers, The need for a low re­

slstanr.C to shunt the cable capacitance (150 fJ.f1 f) togdher with the tran3istor 

powl'r limitation, dictates the capacitance coupling (C4 and CS) that limit.:; 

the duty cycle cilp,lbility to 15 pt~rcent. The >;eneration of accept and ac­

cept-"lble pulst:"s, however. is indepf'ndt:"nt of the duty cycle. 

3.2.6 Frequency Encodpr 

The 9-bit encoder used in all F-2 receIvers provides 512 frequency chan­

nels. The number of channels required, however, depends on the bandwidth 

of each receiver. Band 1 receiver requires 280 channels, band 3b rec,..i,ver 

requires 64 channels, and band 3c receiver requires 144 channels. Thefre­

quency encoder provides adequate fn~quency resolution. A description of the 

encoder is given in paragraph 2.2.7. 

3.3 PAYLOAD DATA HANDLER 

The payload data handle r is a transistorized digital system that provides the 

necessary data handling functions required in the ferret equipment. The data 

handler examines the vidp.o pulses from the payload's ferret receivers and: 

a. Determines the acceptability of the signals (verification) in those 
bands where verification is desired 

b. Measures the pulse interval to determine PRF 

c. Notes when variable PRF occur 

d. Measures PWand pulse amplitude of signals 

e. Notes when pulses lO::1ger than 32fl.sec have been measured 

f. Reads out the frequency channel code from the shaft encoders in the 
receivers, and the frequency band code from the hand code matrix 

g. Notes the time of intercept 
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It, 1\1t',1s'lr,',; tlJ<' ctiffcl'ence in ,nnplitude of signal and ir.hibit pubes 

1, f\Jot,'s "'C"P:'011 uf sln,,:1,' fr('qu('l1cy sequential pulses 

j, E:")lr',·~,,,·s til,' ;lbll\T Ini l),J1latiun in chgiLll forn1--a 68-bit digital 
\\ II r d 

FI!2Ul'(' 3- J2 IS ;1 ~impljfi('d block diagram of the data handler, and Fi!,.:llre 

3-13 ~ll')\\" tht' dI,:ILll word f'.)rm(lt. The data handler can be divided, ac-

co rding t(1 (UIlC til)l1. into scvl'rzll ~t'ctions: 

a, \"'!"lfic.1tIUrJ. PRF. and PW ?'>If'dSUrenlcnt. This section detenninC's 
~I';:-tl1~' ';'t'i~-z.-s-;.L:l1al 'recci v('c{,;'s-,:l'v;llicf Intercept, and if so, gent' ra tes 
billdry words repn'senting PW and PRF, or more correctly, pulse 
inlt'n.d, Figllrl' 3-14 is the logic diagram for this section. 

b. CUlllf)l<'lnl'!lt C()ul1t(~r. This section notes pulse interval difference 
-t,~-(i('[<,c~ van;1tlon in PRF. If nonuniform PRF is detected, all 
aldrm bit IS ~("nt"'r.lterl. "figure 3-15 is a logic diagram of the com­
j)l"nlt'nt l·uun[('r. Figure 3-16 is the tirning diagram. 

c. FrC"lll('nc), :l!1c1 Tilne. For each intercept, this section accumuLltes 
lIm;' /)Jts, t'n~d)lt's'-readout of frequency shaft encoders 'and readout 
of b.llld codc mCltrix, Figurl' 3-17 is the logic diagram of this 
sectIOIl. 

rio 

t' . 

f. 

3. 3, 1 

Pulse Amrlil\!de Dit:itizer and .1mplitude Difference Digitizer. This 
s;~c tl(Jl1 mt'.lSUreStl~e ~-mpl!tude 01 the slgnaTeJ1anneCvideo"s(gnal 
and the difl"rcncc bet\',:C'en the signal and inhibit channel video sig­
n.lls, Fq.;urc 3-18 is (I.e lopc diagram for these units. 

S1l1d,' Fr"C(\lt'Ilcy Scc}lI<·nti:d. Upon detection of this spl'cial signal 
,\;1 ,,[.1 nr bJt i;- g('nc'rJ.t,~d, . Figure 3-19 is the logic diagram for 
this \lnit, 

D.1L1 S;\Innil'r and Reset Control. This section causes the stored 
bIll,; l'\. d:l t.l In the- preceding CircUlts to be fed to the recording ci r­
Clllt..; ill !-,(' n::l order, Fi,e.\lrc 3-20 is the logic diagram for the 
S.1nlptt'r ,llic! control. 

Di...:iLd Record,-r Control. This section controls the start-stop­
!"·(·:ord cycles oi' The' diglt:-tl recorder. and shapes, combines, and 
dlstnb'ltl'S ctat.:l pulses going to and from the recorder. Figure 3-21 
15 the logIC didgrZlm for the recorder control. 

Op('rJtlon of Verification 

III tl](" b.1llds where verification is used. accept pulses from the amplitude 

COll1p.! r,llor ;1,,' SUbjected to a verific:ltion test before their characteristi,~s 

;l!"(' H'cl1rdt'd. This test prevents noise pulses that occaSionally will occur 

(ron) ol'ill f ; COlls1ckrcd.)s received radar pulses. For a signal to be 
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2 I - 23 .lMPL/TUDE DIFFERENCE 

24 NONUNI FO'iM PRF 

25 WIDE PULSE (> 32 USEC) 

lit 
26 SiNGLE-FREQUENCY SEQUENTIAL 

* 27 SIMULTANEOUS MULTIFREQUENCY 

28-33 SPARES 

34-42 PRF-2 

43 - 55 TIME 

56-64 FREQUENCY 

65-67 BAND 

68 PARITY 
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VoLume I 
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PULSE 

THE SYSTEM RESET~ ON CLOCK PULSES 69 AND 51 
*THESE ARE SPARE BITS IN F-3a EQUIPMOH 

447423-!-059 

Figure 3-13 F-2 (Flts 3, 4) Digital Data Format 
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recordf!d as an intercept. at least two pulses must be received within a 

period of time equal to the longest interpulse period expected in the particu­

I arb an dun d e r in v est i gilt lOn. 

The verIfication times (one maximum pulse period) for the receivers are: 

Band 

3b 

3c 

Time 
(milliseconds) 

5 

1 ;~. 5 

1 Z. 5 

Minimum PRF 
(PPI) 

2.00 

80 

80 

If a sIgnal is not verified. the data handler 1S reset and prepared to accept 

the next signal. This verification technique, however. i:; not incorporated 

In bands where single pulses are processed. When the system is operating 

in the single-pulse mode. the receiver gain can be decreased to dimini3h the 

n'Jmber of spurious noise signals. While operating in this mode. the equip­

ment is capable of receiving frequency jumper type radars. This mode is 

not optional after the payload has been launched. The single-pulse mode op­

eration requires a \,.:iring change in the data handler prior to launch. 

3.3.;:; Measurement Cycle 

3.3.2.1 PRF l\feasurement. The PRF measurement cycle consists of the 

measuren1ent of the intervals between the first and second puises and be­

tween the second and third pulses. Two-pulse interval measurements are 

made to detect either the presence of two or more radars within the fre­

quency channel or PRF modulation. Additionally PRF measurement relia­

bility is increaseci by the use of two counters. The equipment also generates 

(via the complements counter) and records unmatched PRF alarms when a 

second PRF measurement is not within 1 percent of the first (except for very 

short pulse intervals). The readout accuracy of the complements counter is 

sho\',:n in Table 3-5. In addition the equipment is capable of single-pulse op­

eration in selected bands for the purpose of detecting frequency-jumping ra­

dars that change frequencies from pulse to pulse. When the equipment is in 
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Table 3-5 

READOUT ACCURACY OF COMPLEMENT COUNTER WITH 40-KC T 1 CLOCK 

T 2 - T 1 

Largest Tl Cour.ter Bit Readout Control Range of T} Difference Accepted 
Acceptable for Range BU3 Number (p.sec) Counts p. sec 

1, 2, 3, 4 0 100 - 375 ±2 3. 12 

5 400 - 775 ±4/3 4. 53 

6 2 8no - 1575 ±8/7 } 0.9 

7 3 1600 - 3175 ±15 23.4 

8 4 3200 - 6375 ±31 48.4 

9 5 6400 - 12,750 ±63 98.2 

Clock = 640 kc 

~. - --, 

Pe rcent 

6.2-0.84 

1. 1 - 0.59 

1. 4 - 0.69 

1.5 - 0.74 

1. 5 - 0.76 

1.5-0.77 
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the single-pulse mode of operation and only one pulse is received during the 

ma.ximum time interval, the PRF-l counter is automatically reset at the end 

of the interval. The PRF counters operate with 25-flsec increments with a 

maximum count of 12. 5 m~lliseconds. 

3.3.2.2 PW Measurements. The PW measurement is made on the first 

pulse. and when a second pulse occurs during the verification tIme, thewidth 

of the second pulse is measured. This second measurement will supersede 

the first. The PW counter has a measuring capability of 0.5 fi sec to slightly 

over Z. milliseconds. PW's between 0.5 and 31.5flsec are measured in 0.5-

\lsec increments by means of a pulsed 2-Mc oscillator. If the PW exceeds 

31. 5 ~sec, an alarm is generated and the 6-stage counter is reset. Thenext 

count occurs at 50 \lsec. giving greater accuracy in the range between 31.5 

and 50 fASt~C where the pulses are likely to occur. The PW is then measured 

in 32.-fAsec increments by a 31. 25-kc pulsed oscillator. Pulses longer than 

2.03 milliseconds register as 2.03 milliseconds. A schematic diagram of 

the oscillators is shown in Figure 3-22. 

3.3.2.3 Pulse Amplitude Measurement. A pulse amplitude measurement is 

made to determine the signal strength of intercepted signals. The pulse am­

plitude measurement is made on the first pulse and when a second pulse oc­

curs during the verification time, the amplitude of the second pulse is 

measured and the second measurement supersedes the first. The pulse to 

be measured is stretched and applied to one input of a voltage comparator 

while 1280-kc clock pulses are applied to a counter input. The stages of the 

counter, control r:onstant current drivers that feed a linearly-weighted lad­

der network whos e output is a series of linearl y-incre asing voltage steps. 

These series of steps are fed to the other input of the comparator that pro­

vides a trigger pulse when the staircase amplitUde equals that of the 

stretched pulse. This trigger pulse stops the counter whose binary content 

is proportional to the pulse amplitude. 
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3.3.2.4 Pulse Amplitude Difference Measurement~s •. A measurement is 

made to determine the difference between the amplitude of the signal channel 

video signal and the inhibit channel video signal of an intercept. The pulse 

amplitude difference measurement is made on the first pulse and if a second 

pulse occurs during verification time, the difference amplitude of the second 

puLse is measured and the second measurement supersedes the first. The 

signal and inhibit video pulses are fed into a difference network which sup­

plies a video ~:JUlse proportional to the difference. The pulse is digitized in a 

manner similar to that used in the pulse amplifier digitizer except at a 640-

kc rate. 

3.3.3 Single-FrFOquency Sequential Pulse Detection 

The logic diagram of a single-frequency sequential pulse type radar detector 

is shown in Figure 3- 19. Single sequential pulses are detect~d as follows. 

When an accept pulse is generated, an end-of-pulse trigger is produced at 

the trail ing edge of the corresponding acceptable pulse. This trigger opens 

a 15-l.J.sec gate that samples the acceptable pulse. If at least one pulse oc­

curs during each gate interval for three successive accept pulses, an inter­

cept of the single-frequency sequential type is recorded. 

3.3.4 Readout Cycle 

The data handler's readout cyc.le is the interrogation of the counters contain­

ing intercept data, the serialization of these data, and resetting the measure­

ment and verification circuits. A parity-check bit is generated at the end of 

this process and appears at the end of the data. After the intercept has been 

verified, the digital recorder is instructed to start, and is permitted to reach 

proper recording speed. The data then are interrogated and issued to the 

recorder's write circuits. T"e readout process is compLeted and the entire 

d3ta handle r is cl eare d. 

The readout of the complete intercept word requires about 7 milliseconds. 

Because of this it is necessary to use two reset pulses in the data handler to 

meet the channel dwell time and scan rate requirements. Therefore, the 

3-31. 
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counter and circuits containing word bits 1 to 42 are reset by CP 51 and are 

prepared to receive new data. The counters and circuits containing word 

bits 43 to 68 contain parameters that do not change rapidly as a function of 

input signal and are reset by CP 69. Although the time counter is in the data 

handler, it is controlled by the satellite dock and continuously provides sat­

ellite time. The frequency encoder and band code Inatrix are located in the 

receiver, and the power and control assembly, respectively. and provide 

continuous frequency and band information to the data handler. 

3.3.5 OpC'c'ation During Typical Intercept 

Tirning di,:lgrams for those receiver bands using verification are shown in 

Figure 3-23. Operation is generally the same as that for the F-2 (fits I, 2) 

equipment. One exception is that the pulse steering causes PW measure­

ments to be made on the first received pulse. If a second pulse is received, 

the second pulse is measured and the second measurement supersedes the 

first. The panty bit for this data handler is bit 68. Clock pulse 69 resets 

part of the data handler. Other portions are reset by CP 51. Three milli­

seconds after CP 69 occurs the tape brake is actuated. 

3.4 DATA STORAGE 

The digital recorder model is that used in F-2 (fHs I, 2) equipment. It is 

described in paragraph 2.4. 

3.5 PA YLOAD CONTRO~ EQUIPMENT 

The control functions are performed by the power and control assembly. It 

consists of the following subassemblies: 

a. Redundant Electronic Timer - This unit controls the band switching 
cycle when any band drive motor fails. 

b. Low-Voltage Fower Converter - This 'unit supplies ±12 v for the 
transistor circuits in tr.e receivers and data handlers. 

c. Internal Prograrrnner - Thi!:; unit generates the signals that place 
the start-stop words on the tape, and provides for receiver blank­
ing during the recording of these words. 
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d. Test Gener2.tor - This unit provides test signal s to check the 
performance of the r'::ceivers and! or data handlers. 

e. Auxlliary COL,ril.::tnd Circuits - This unit cnntains circuits for con­
trolling the recorder. It also contains the circuits for switching 
signals from one datZl handler to the other. Various Ininor func­
tions including powcr monitoring points are also included in this 
unit. 

f. I-F Preamplifier Gain Control - This unit 
preamplifier to be changed In I-db steps. 
"off" position are provided. 

permitE' the g::,.in of each 
Eleven steps and one 

g. Attitude Converter - The horizon sensor (not part of Subsystem F) 
measures vehicle attitude (pitch and roU) and supplies the data in 
the form of d-c voltages to the Subsystem F attitude converter. Th" 
converter transforms the d-c voltages into pulse format for digital 
conversion and recording on the digital tape. 

h. Band Code l\fatrix . This unit provides a digital indication of the 
active scanning receiver . 

• , Crystal Current Monitor - This unit is a set of magnetic amplIfiers 
used for amplifying crystal currents to a level suitable for tele­
metering purpose::;. 

j. Control Equipment - These units control the bastc operation of the 
receiving and data handling equipment. The control equipment is 
operated by R TC's and SPC's supptiC'd by Subsystem C&C in the 
satellite. These commands, in the form of relay contacts, produce 
the reollired mode of operation. 

3.5. I Modes of Operation 

There arc five basic modes of operation of the F-2 (fits 3,4) payloads. The 

modes of oper;-;tion arc initiated by a succession of SPC's or RTe's, These 

modes are the same as those for the F-Z (flts 1, 2) payloads (see para;:;raph 

2..5, I). The progr.l.m of the internal test mode is necessarily different so 

that it will check out the F-Z (fits 3, 4) data handler. The four test phase~ 

of the intern.l.l test mode are: 

a. Video signals of unequal PRF are fed directly to the data handler. 

b. A long pulse is fed to the inhibit chanr.el at an amplitude 9 db below 
the corresponding signal fcd to the signal channeL. 

c. I-F signa~s with unequal PRF are fed to·the inhibit channel at an 
amplitude 9 db below the corresponding signal fed to the signal 
channel. 

d. I-F signals of equal amplitude are fed to both signal and inhibit 
channels. 

LOCKHEED A'ROAFT CO RPORAT:ON MISSILES end SPACE DIVISION 

Approved for Release: 2017/08/17 C051 00033 

r 
L _ • 



Approved for Release: 2017/08/17 C051 00033 

SECRET 

3.5. Z. On-Off Control and Internal Programmin~ 

LMSD-4474Z3 
Volume I 

The F-2 (ntll 3, 4) payloads are placed in the various operating modes by 

means of .sPC'1l or RTC'II. RTC'a are used when the satellite is within 

range of a TAS. At other times, SPC'III with proper time indexing perform 

the turn-off and turn-on operation. 

3.5. Z. I Stored Pro!p";un Commandili. A lilt of SPC's required for this pay­

load II IIr.O,",>1 in Ta'ule 3 .. 6. Six com:nand. are required. These commands 

ape Ida of rl'lay contact. that activate varioulil portions of the equipment 

dUring Ope'f'lItlOn. 

Table 3~6 

PROPOSED STORED PROGRAM COMMANDS FOR 
F .. 2 (FLTS 3, 4) PAYLOADS 

SPC 
:": U 11\ I 

3 

4 

6 

7 

8 

Function 

Activate band 1 

Activate band 3b 

Activate band 3c 

Di!{Hal tape tranIJport forward 

Rt &dy receiverlll 

Receive cycle on 

3.5.2.2 R("~l-Tlme Comma.nJ •. Aliat ofRTC'. andtheir!unctiona required 

(or (hI t p:,ylo:d ill .hown in Table 3.7; thirteen command. are required. 

~h,·.e c:omml\tld, are let by relay contacta that a180 activate portion. of the 

f .. tret equIpment when the aatellite i. within range of TAS. 

3.5.3 Tnt 51:;11:1.1 G~nP.rlltor fo: F-Z (Fit. 3, 4) Payload 

:-~:,. in~"rnl'll tl'!lItlng of the ferret equipment is accompUahed in [our modea 

"\tn thr~e HTC'II. RTC·9 lupp1iea :!ItIZ v to the circuit and iIII on during all 
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PROPOSED REAL TIME COMMANDS FOR F-2 (FLTS 3, 4) PAYLOADS 

RTC Numbe r Function 

Readout 

2 Motor drive forward 

3 Motor drive reverse 

4 Preamplifiel' select 

5 Gain adjust 

6 Ready rec eivers 

7 Receive cye! e on 

8 Spare 

9 Test generator on 

10 Test generator control a 

I 1 Test generator control b 

12 Spare 

13 Acti vate all bands 

four mode!!l of operation. RTC-IO and RTC-li are used to activate various 

relays. A block diagram of the test signal genera,tor is shown in Figure 3-24. 

Mode I IS initiatcd by RTC-9 and RTC-IO. Unequally spaced lO-l"'scc video 

pUIIH~" are !!lent to the data handler. This is accomplished by triggering both 

a 10-psec and a 640-!1sec monostable multivibrator. The lO-/LBec pulse is 

fed directly to the data handler. The trailing edge of the 640-,...sec pllise 

trigger!!! the 10-l'lscc monostable multivibrator, thus sensing a lO-!Asec pulse 

to the data handler 640 f4llec later. Thill is repeated at a 400-cps rate. Be­

Bides testing the rlata handler. these pulses also generate the nonuniform 

PRF !!Iignal. thus providing a test for that alarm. 

Mode 2 is initiated by RTC-li and RTC-9. During this test only the 640-""sec 

monostable multivibrator is triggered. The pulse is modulated bl' the bO-Mc 

ol'lcitlator and fed to the signal and inhibit channels of the receivers. Aside 

from testing the receivers. the amplitude comparator, and data handler, this 

mode tests the long-pulse alarm. RTC-9 initiates mode 3. The same wave 

shape as used in mode 1 is generated. except that in mode 3, it modulates 

the 60-Mc test oecillator and is sent into the receiver I-F strips. 
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Mode 4 is similar to modI! 3, except the relative attenuation will be such that 

the signal should not pass through the amplitude comparator. This mode is 

accomplished by the use of RTC-9, RTC-IO, and RTC-ll. 

3.5.4 Internal Programmer 

The operation of the internal programmer (Figure 3-25) is the same as that 

for F -2 (flts 1, 2) payloads as described in paragraph 2.5.2.4. 

3.5.5 Redundant Band Switching 

Two methods of band switching are used in F-2 (flts 3, 4) payloads. In the 

primary method (Figure 3-26), the motors themselves via the encoders start 

and stop each other in rotation. The end of the scan of one band will start 

th"! scanning of the next. In the secondary (redundant) method, initiate pulses 

are generated by a 4- stage binary counter that is triggered by the I-second 

s.atellite clock. The use of the I-second clock for the redundant system re-
-

quires that the time in each band be rounded off to the nearest second. The 

counters are upJated once each cycle. This updating or reset comes from 

either the counter, the end-of-scan signal from the last band, or from the 

initial reset of the data handler. These inputs are OR gated, a...'1d trigger a 

monostable multivibrator that resets the counter. 

The initiate signal normally comes from the end-of-scan signal of the previ­

ous band; however. this signal is OR gated with the initiate signal from the 

counter. The initiate signals from the counter always arrive after the initi­

ate signals from the encoders. except when ther~ has been a failure in one of 

the motors. In such cases the counter takes over for the band that is to begin 

scanning. Initiate pulses then start the band drive motor and apply power to 

the band, The end-of-scan signal of one band starts the next band and shuts 

off the power controller of the first band. The motor controller of the first 

band is turned off upon completion of one code wheel rotation (returning the 

motor to zero positionL Stopping is aided by a solenoid-driven brake. If 

motor failure causes the repeat cycle timer to take over the initiate function 

for one or more bands, the total tinle required for a 4-band scan cycle is 
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MC!llIf:IiI 
ILANI(ING 
TO ALI. 
AIoIp\'ITUOt: 
COfII ..... IIATOII' 

AUIltII.IAIllY TiM' 
ATTITUDe: 
TIII'UI[III 

INITIAL IIItUT 
t-----------------t-----------t------------------!XTEfIINAL 

IIIUDOUT I 

TIIoIe: ONlY 

'JOe -IIbMC :===*==::i:~..J NTC-11I NC 

"""'r---.....I ,YITT!:N (YITnl'! 
FOLLOW(II rOllO"'[ fit 

o o 

15-IoI8[e 
IoIONOSTAIILR: 
IoIUI.. nVllIlIATOII 

---+------------------------- %[1'10 WOIIO 

N.C.' NOl'IlULlT CLOUD 
!to .• NOI'IMAI..LY OP[N 

Figure 3-25 Block Diagram of Internal Programmer 
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sOInewhat increased. and the area of Inultiple intercepts and the transverse 

coverage are slightly reduced. Otherwise system capabilities are not 

affected. 

3.5.6 Receiver Control Operation 

This operation is for a typical receiver requiring a special power supply for 

the operation of a local oscillator. The initiate pulse fl'oIn the SPC latches 

the power controller and Inotor controller. The power controller applies 

power to the local oscillators. I-F aInplifiers, and aInplitude cOInparator. 

T!1e Inotor controller applies 400-cps power to the band. scanning Inotor and 

disengages the brake £rOIn the Inotor shaft. The digitizer {shaft encoder} 

presents a continuous indication of the angular position of the motor shaft. 

The sensors send start and finish signals to the aInpl.itude cOInparator un­

blanking circuit. The output of the aInplitude comparator unblanking circuit 

is sent to the data handler to energize the proper verification circuit. The 

output of the aInplitude cOInparator unblanking circuit is also sent to the band 

code Inatrix, through a transistor inverter. 

The output of the digitizer is sent through a switching circuit that is activated 

by the aInplitude cOInparator blanking circuit and the delay Inultivibrator. A 

9-bit code is then sent to the data handler. In addition to the 9-bit code, 

which indicates a channel number, a band code Inatrix transInits a digital 

code to the data handler to indicate the receiver which is scanning. The code 

used is shown in Table 3-8. 

3.5.7 Power Supplies 

The power available froIn the auxiliary power supply does not fill an the 

needs of the ferret equipInent. It is necessary, therefore, to provide low­

voltage regulated power supplies for transistorized circuits. and a high volt­

age suppl y for vaCUUIn tube local oscillators. The priInary considerations in 

the design of these supplies are overall efficiency, minimuIn size and weight, 

and high reliability. 
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Table 3-8 

RECEIVER CONTROL CODE FOR F-2 (FLTS 3, 4) RECEIVERS 

Band 

Receiver blanked 
by internal 
programmer 

1 

3b 

3c 

Between bands 

Code 

000 

001 

011 

100 

III 

The payload equipment will require the following voltages for proper 

operation. 

a. 115 -v, 400 -cps three -phase 

b. lIS-v, 2-kc single-phase 

c. +28.3 v regulated 

d. -28.3 v regulated 

c. +28 v unregulated 

3.5.8 Attitude Converte::-

The digitization of attitude data is the SalTIC as for F-2 (fits I, 2, see para­

graph 2.5.4). Since the F-Z (fits 3, 4) payload uses a 68-bit word, the 

placement of the attitude data in the word is different. 

The specifications for the attitude converter are as follows: 

a. Range of input level -5 v to +5 v 

b. Digitization range (bits) 24 to 68 at 40 kc 

c. Accuracy :0.25 v at 40 kc 

d. S,lleep accuracy :0.5 v 
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The payload will provide, for transmission to the TAS via Subsystem C&C. 

various test data describing the operability of selected components of the 

ferret equipment. 

The philosophy for selection of the monitoring points is a compromise be­

tween equipment complexity and monitoring sufficient to sense failures. 
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SECTION 4 

PA YLOAD CHECKOUT EQUIPMENT 

4.1 GENERAL INFORMATION 

The F - 2 checkout equipment provides the means for easily evaluating the per­

formance of F - 2 payload equipments as well as for calibrating and assisting 

in their maintenance. The checkout equipment will be used for final inspec­

tion and acceptance tests of the F-2 pay~oads. After installation of the Sub­

system F payload equipment, the checkout equipment will be used for all tests 

before system checkout. The operator of the checkout equipment will be able 

to deterrr"']~ impending, as well as actual. failures by analyzing a permanent 

recording of all measurements. For detailed examination of any particular 

circuit in the payload, manual control is provided for both payload and check­

out equipments. 

Subsystem F checkout is performed independently of all other subsystems 

both before and after the Subsystem F payload is installed in the satellite. 

The checkout equipment supplies all fWlctions normally supplied to Subsystem 

F by other subsystems. All cabling from Subsystem F to other subsystems 

is connected to the c~eckout equipment for the tests. 

The evaluation of the payload is performed through two sets of recorded 

measurements called, respectively, static tests and dynamic tests. 

The static tests consist of two groups. In group one, the checkout equipment 

automatically monitors a large number of d-c or low-frequency a-c potentials 

in the payload that are indicative of the performance of power supplies, mixer 

crystals, digital circuits, and other like circuits. In group two, a pulsed 

1- F signal gen? rato:- located in the payload is activated, signals are fed to the 

receivers, and selected d-c potentials are monitored. These potentials are 

indicative of the performance of the preamplifiers and log I-F strips of the 

receivers. 
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For the d-c checkout voltages, go/no-go indications are provided. For volt­

ages that vary as a function of time. such as crystal currents and band­

switching signals, a pen recorder i.s u.sed as the indicator. The go/no-go 

monitored voltages are recorded by the di~ital printer. Both records are 

available to the operator for analysis and for location of actual and impending 

failures. 

During the dynamic test sequence, the checkout equipment automatically gen­

erates and injects radar-like R-F Signals into the payload for a fixed number 

of test sca::1s. The payload, when placed in the ferret mode of operation, 

processes these signals like an actual intercept. After the parameters (fre­

quency, PW, pulse period. and time) of the signal are permanently stored on 

tape in the payload recorder, the data are read out into a data handler in the 

checkout equipment. The data (read out in a binary form) are converted to a 

decimal form, are appropriately IH~aled. and are then printed on a digital 

printer. An operator will therefore be able to evaluate the payload perform­

ance by a comparison of the printed data and the known input data. If desired, 

the automatic test can be followed by manual operation of the equipment for 

the purpose of localizing any fault to below-the-component level. 

The four-cabinet assembly that comprises the checkout equipment i ... shown 

in Figure 4-1.. The mc.jor units of this equipment and their general test func­

tions are as follows: 

Unit Name 

Master Control 

Monitor 1 

Monitor 2 

Dual Pen Recorder 

Digital Voltmeter 

Dynamic Test-Control Unit (DTCU) 

Signal Source Band 

Modulator Band 1 

LOCKHEED AIRCRAFT CORPORATiON 

General Use 

All Tests 

Static Test 

Static Test 

Static Tests 

Static Tests 

Dynamic Test Programmer 

Dynamic Test 

Dynamic Test 
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Figure 4-1 F? Checkout Equipment 
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Unit Name 

Siina1 Source Dana Z 

Modulator nand Z 

DAtA Handler 1. Z. 3 

Programmable Power Supply 

Silina1 Source and Modullltoil" 
Band • .3b. 3c 

Antenna Adapter s 

1\4&nual Tut Unit 

CommAnd Ind.icator Panel 

Junction 130"( 

OigiU.l Recorder 

Tut Box and Dummy Load Unit 
( TBDLU) 

LMSD-4414Z3 
Volume I 

General UUI 

Dynamic Test 

DYI1·Jlmic T e.t 

DynAmic Tut 

Dynamic Tut 

Dynamic Tut 

Dynamic Test 

Manual Te.t 

M .1UlUA 1 T 4!!11 t 

Slatic and Dynamic Teat 

Static and D)·ru.mic: Te.t 

Checkout Conlole Test 

A block di.llq;ram o{ the F-Z checkout equipment is shown in Figure 4-Z. 

4. Z DWCRIPTION OF BLOCK DLA.GRAM 

By munl o{ the TEST SELECTOR I8witch on the maoter control unit, the 

operator .. l.cu either STATIC or DYNAMIC and then preuu the START 

TEST button to IHart the .elected autorr.atic test. 

D<.lrini the ,utic tlut prOilram the payload i. commanded, through a pro-

IP' .. mm.d cornbil1atiol"' of RTC'. I;)r SPC'I, into !t. TEST mode ot opera.tion. 

The band .witching lignal. fed back {rom the payload through monHor 1 dur­

ing the turn.on .equenc.., automatica.lly .et the checkout equipment tor opera­

tion with the particular group of band. pre.ent in the pa.yload under test. 

The monitor.1! payload voltages nre anAlyzed in the monitor unit and recorded 

by either tho digital printer or pl,n recorder. The printed format (Figure 4-3) 

contaitHB a set o{ dudifULted te.t numb<flr. that are indicative of various volt. 

Ai •• mea.ured and of no-so ind!cation8. Out-of-tolerance voltage. (red NO­

GO) that might d.1.mage the paylo'ld equipment or llHect other me.uurement • 

• top the .tatlc. t •• t &nd remove all power. No-go indication. (amber NO-GO) 

MISSILES and SPACE DIVISION 

Approved for Release: 2017/08/17 C051 00033 



[ 

[ 

r 
r 
L 

r 
r' 

1. 

I 
L . 

f . 

i .. 
r : 
[ ~ 

r-- -I 

I ~ I 
I ~~--n I 
: I 
I ~j 
I If 

I ,.....---, 
I I 
I : 

---...... 0------1 

! ~.~----+_r jo; r-----I 

I J :H 
1,--....., 
I i 
I ! 
It '-----..! 

I I i 
Ii l 

If ~ 
I 
I 
I 
I 
I 
I 

. I ,--......,j 

I 
j 

...---. 

: i! 
I I 
L ___ ..J H 

4.5 

loeKH'," A"elAFT eo,rowloN ~ 

LMSD 447423 
Vohime I 

.... 
~ 

MISSILES orocl SPACE DIVISION 

Approved for Release: 2017/08/17 C051 00033 



Approved for Release: 2017/08/17 C051 00033 
VL.VI\L.I LMSD 447423 

Volume I 

PRINT WHEELS 

2 :5 .. 5 6 ., 8 9 10 II 

I I 
TEST NO. 
o 0 

1 

I I I I I I I 
VOL T!!I 
500----

1 
r ~--. 

5 0 2 8 0 

5 0 0 0 

2 ., 2 5 

:5 2 5 0 0 

- .. 0 5 0 0 

5 Z 5 0 0 

6 0 0 0 

., 0 :5 2 5 

.. t 0 0 

z ., :5 0 

:5 ! 5 0 0 

.. 0 5 0 0 

. - ... 
T 

COI'IIlllO"'vNOI Nii .. HS DATA 
Opr ,",0,",0 ',..OICATOIil 

OAiSHED LINES INDICATE: NO-GO 

NUMBER OF !!IITS PER WORD 

TIW[ IN SfCOr.OlB 

PULSE IItEP!TITION I'!JIIIOD 2 IN MILLISECONDS 

PUUIE WIDTH IN MrCjqOSECONDS 

FUUE IIIEP"!TTION PERIOD I IN MILLISECONDS 

lANe) NuweEPt 

CHANNEL NUWI!IE" 

DASHED LINES INDICAT!! 
NON - PARITY CHECK 

8. 0141",4 rOHM,fr 
"4"1)../-0.,., 

Figure 4-3 Digital Record Print Format for F-? Checkout 
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in any of the non-critical check points will not stop the test program. A single 

NO-GO indicator shows out-of-tolerance conditions for all ambm:- NO-GO 

points. The point or points that show NO-GO are located by looking at the 

printed record. 

After completion of the static test, a signal from the monitor unit through the 

master control unit turns of! the payloa.d equipment. 

During the dynamic test program the p<Lyload i8 commanded into the RECEIVE 

mode of operation. After the warrrup period, a signal to OTCU from the mas­

ter control unit will permit the dynamic test to proceed. This will occur after 

the first complete band gate of a chosen sequence is received from a circuit 

located in the monitoring unit. The order of injection of signals into the pay­

load is programmed to permit a definite order of processed output data for 

ease of operation analysis. Ourmg the warmup period, the OTCU also sets 

all preamplifiers in the payload to a preset gain. The DTCU controls all 

modulator units of the signal generator in the course of the dynamic test and 

commands the modulator units to change the modulation characteristics each 

time the control-band pulse is received. The modulation is changed for each 

of the 20 scans comprising this portion of the test. The simulated satellite 

clock pulses are also injected during this test, :!!IO that the time recorded for 

the £irs~ and succeeding intercepts is known. After the 20 scans. the ferret 

receivers are de-energized through the master control unit on a signal from 

the DTCU. and the payload is automatically commanded to read out on the 

printed record (Figure 4-3), seven numbers, corresponding to parts of the 

binary word and the number of bits in the word, are sequentially printed. 

Ea.ch print wheel has twelve pO!litionl!l: numerah 0 to 9, a blank. and a dash 

line. Dash lines in the columns used for the static test indica.te no-go for the 

test voltages. Dash lines in the columns used for the intercept word indicate 

a non-parity check. 

When all information is read out, the master control unit will be activated by 

a feedback payloa.d I!lignal to de- ener gize all power to the payload. 
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Upon completion of the semiautomatic portion of the tellt, the recorded data 

of the dynamic telt may be analyzed for determining the IItatuII of operation of 

payload fUnctions. Should a.ny questions exist as to the opera.tion of any par­

ticular portion of the payload, the manually operated commands, in conjunction 

wi th the manual control of the checkout equipment, can be used for diagnostic 

purpose s. In this mode of operation, the checkout equipment, in conjunction 

with external test equipment, will auist in locating faults in any component 

of the payload. The manual mode of operation may be used for additional ap­

plication of the checkout equipment in fault location, maintenance, and adjust­

ment of various payload Junctions. 

4.3 MASTER CONTROL UNIT 

The master control unit contains the payload power-distribution circuits, con­

trols the tellt programs. and supplies the commands normally supplied via 

SubsYlltem C&CC. All interconnections between units of the checkout equipment 

are made through the master control unit. except where physical limitation. 

and circuit considerations dictate otherwille. A block diagram of the master 

control unit is shown in Figure 4-4. 

4. 3. 1 Power Di atribution 

The primary power required to operate the checkout equipment is 2. kilowatts 

at 115 v ac, 60 cps, single phase. The checkout equipment supplies the fol­

lowing voltages to the payload: 

+28 v, unregulated 

1"28.3 v, regulated 

115 v, 400 cps, three phase 

115 v, 2. kc. lingle phase 

All power for the payload is applied through protective relay Kl of the master 

control unit (Figure 4-4). If any of the payload power supply voltages are out 

of tolerance, limit meter. Ml, M2., M3, M4, and M5 cause relay K2. to latch 

and prevent KI from closing. 
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Relay K2 also latches when the main power is turned on, so that before Kl 

can be closed by closing the START TEST pushbutton switch, it is necessary 

to unlatch K2 by pressing the SUBSYSTEM POWER pushbutton switch. 1£ any 

critical voltages fall out of limits in the static test program, K2 latches, 

thereby interrupting both the static test sequence and the payload power 

supply. 

An interlock system prevents damage to the equipment due to accidental opera.­

tion of any of the manual switches during automatic operation and ensures that 

the automatic testing cannot be initiated when any of the manual switches are 

in use. When no manual command is activated, the interlock relay is ener­

gized and the power circuit to the master control unit for the automatic test 

mode of operation is closed. 

4.3.2 Test Selection 

Selection of .cither the static or dynamic test program is made by setting the 

TEST SELECTOR switch (S4) in thE: DYNAMIC or STATIC position before 

pressing the START TEST button (S3). This selects the units in the checkout 

console to be activated during the test. Several internal changes in circuit 

logic are also accomplished through S4. 

4. 3. 3 Simulated Commands 

The master control unit contains relaylS that simulate the SPC's ar/ RTC's, 

that are normally supplied to the payload by Subsystem C&C. These relays 

are interlocked to prevent improper sequencing of commands. Upon initia­

tion of a static or dynamic test, the payload is activated in the desired mode 

of operation. A signal initiates either the monitor unit for the static tests or 

the signal generato::-s for the dynamic test. During the course of either test 

there is a flow of signals from various units in the checkout equipment to the 

master control unit, which switches in appropriate payload commandll. The 

various checkout units also send completion signals to the master control 

unit which switches both payload and checkout equipments to the next phase 

('If the test. 
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4.3.4 Description of Master Control Unit During Dynamic Test 

Closure of S3 (START TEST button) latches Kl, which applies power to the 

payload. K3. K4, and K5 are also activated, placing the receivers in the 

READY mode (RTC-14. SPC-6, and SPC-7). A signa.1 is also generated to 

set the nTCU to the zero scan position. After a 70-second delay, K6 closes, 

a.ctivating the RECEIVER cycle (SPC-8) and latches K7 and K30. Signals 

sent through K7 to the DTCU permit the band gates fed back from the payload 

to control the generation of R-F signals and to remove the ZERO scan signal. 

A READY signal is also sent through K7 to the data handler, which discon­

nects calibration circuits and switches the payload digital output to the data 

handler input. Relay K30 turns off the digital voltmeter. Because the same 

digital recorder is used for both the static and dynamic tests, and the output 

of the digital voltmeter is permanently connected to the input of the recorder, 

it is neces sary to disable the voltmeter. The band gates now step the R-F 

program through the appropriate test scans in the DTCU. Upon completion 

of the 20 R-F scans, a signal from the DTCU latches Kl1, which opens K6 

and turns off the RECEIVE cycle (SPC-8 and RTC-14). K11 also activates a 

lO-second delay circuit. which energizes K12, removing SPC-6 and SPC-7. 

and completing the turnoff cycle. 

With the TEST SELECTOR in the DYNAMIC position, closure of K12 per­

forms two other functions. First, it applies power to the front end and back 

end of tape drivers Q1 and Q2, which activate Kl3 and K14 (front end and 

back end of tape relays) by signals from the payload. Second. it activates 

K16 (RTC-3 tape motor reverse) and after a five-second delay, it activates 

Kl8 (R TC-l readout). 

The payload is now in the NORMAL READOUT mode of operation. The tape 

runs to the front end. at which time the relay K13 ..:::loses and is latched. K13 

removes RTC-l (readout) and activates K19 (forward readout delay), which 

activates K17. RTC-2 (motor drive forward). The tape motor is now running 

in the forwa.rd direction with the capl:4tan deactivated. K13 also sends a signal 

to the data handler unitj this starts the data proce8sing cycle, During the 

4-11 
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processing. the capstan START and STOP signals are under the control of the 

checkout data handler. 

After the last word on the tape is processed, the capstan START signal 

causes the tape to run to the back end. enabling the tape-end signal to latch 

K14 (back end of tape relay). Since the tape may come completely filled with 

a test word, the processing of the data will continue through the entire tape. 

The time of processing could last 2.5 hours with the same information being 

processed after the dynamic test information has been processed. To prevent 

excess time of processing, a timer in the data handler unit will hold the cap­

stan start signal in after one-half hour of processing. again causing the tape 

to run to the end enabling the tape-end signal to latch K14. K13 is Conse­

quently unlatched and the payload again put into the first readout mode of 

operation (RTC-l and RTC-3. activating KI8 and KI6). The tape runs to the 

front end, at which time Kl3 closes. Because KIa is closed. contacts of K13 

in series with K14 energize K15, which is the TEST OVER relay. This relay 

is latched through its own contacts in series with K7 contacts (static and 

dynamic test power latch). This enSur.es the opening of K7 before KI5 is de­

energized. thus preventing a flip-flop action in the turnoff circuit. Power is 

removed from all previously self-latched relays. and Kl is de-energized. 

removing payload power. 

4. 3. 5 Desc ription of Master Control Unit During Static Test 

When the START TEST switch (53) i.s closed, with the TEST SELECTOR 

switch (54) in the STATIC position, KI latches and applies power to the pay­

load. When K lis acti vated, K3, K4, and K5 are also activated. placing the 

receivers in the READY mode (RTC-14. SPC-6. and SPC-7). After a 70-

second delay, K6 closes, activating the RECEIVE cycle (SPC-8), and latches 

K7 and K30. Signals sent through K7 permit activation of K13 which switches 

the voltmeter and printer into the static test mode of operation. The volt­

meter sampling circuit i.s connected externally to the monitor unit and the 

print command loop is closed. 
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Closing 57 activcltefl the monitor unit. During the progress of the static test, 

signals from the monitor unit latch and unlatch combinations of K21 through 

K26 (400-cps power on-off, R TC -9 through RTC -13) and activate K27 through 

K29 (R TC -8, R TC ... 15. 5PC-l through 5PC- 5). These switch the payload 

equipment to the mode of operation necel!J sary for the particular test in prog­

ress. K2l stops the band motors by removing the 400-cps power a.nd mOmen­

tarily activating the motor brake by interrupting l8-volt power to the satellite. 

This procedure stops time-varying voltages and simplifies testing. 

A signal from the monitor at the appropriate time activates Kll (5PC-B, off) 

to turn off the receivers. K12 closes through Kll, completing the turnoff 

procedu! e. It is necessary to activate K19 and K20 from the monitor for for­

ward or reverse readout. With 54 (TEST SELECTOR) in the static position, 

54 also disconnects K13 and K14 (start of tape and tape end relays). 

When 1'(20 is acti vated by the monitor, for an activity test, K16 and KI8 are 

activated, and the tape runs toward the front end. Kl9 is subsequently acti­

vated and swttches to the second readout mode (RTC-l and RTC-2 activated). 

At the completion of the monitor test, a signal from the monitor actuates KIS. 

unlatching all relays and turning off all power through Kl. 

4. 4 MO~ITOR UNIT 

4.4. 1 General Description 

The r:lonitor unit has seven basic functions: 

a. Provides the means for monitoring and recording the payload telem­
etered d-c and time-varying voltages 

b. Incorporates a voltage comparator that makes comparisons of the 
monitored voltages on a go/no-go basis 

c. Enables complete testing of all payload functions to determine the 
cor rectnes s of payload performance in all modes of operation 

d. Determines from payload signals which bands are in operation and 
then automatically switches On the appropriate functions in the 
checkout equipment 

4-13 
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e. Supplies signals for activation of payload commands through the 
master control unit (dependent on the particular test in progress) 

f. Stops automatic test sequence when critical voltages are out of 
tolerance 

g. Provides a manual calibration mode of operation in which tests of 
checkout equipment power (Iupplies, reference voltagee, and test 
points from both payload and ch..!ckout equipment can be performed 

A sC:lematic diagram of the F-2 monitor unit is shown in Figure 4-5. The 

monitor unit is divided into two main subassemblies, monitor 1 and monitor 

2. Monitor 1 contains all calibration switches; one stepping relay switch; all 

relays necessary to the performance of a test; and the voltage comparator. 

Monitor 2 consists of eight stepping relays and about 200 potentiometers 

which are used to set limit voltages for the comparison go/no-go tests. 

A digital voltmeter, printer. and pen reccrder are also used in the monitor­

ing system. 

4.4.2 Stepping Relay FUnctions 

Since the number of monitored voltages is approximately 220, nine stepping 

switches are employed to form a 225-position, l2-pole switch. Bank A of 

each switch is used to sequence between switches. Banks C, D, and E are 

connected in a matrix, which denotes position of the switch in decimal form 

by means of 10-wire-per-dlgit Ol~tpUt. The decimal position is displayed on 

a visual readout and is printed by the digital recorder during test. 

Banks K and M switch the voltages from the limit potentiometers to the com­

parator. The test voltage is switched in by Bank L. Banks F. G, H, al1.d J 

are used to activate switching functions necessary during the cour se of a 

test. This includes activation of combinations of payload commands through 

the master control unit, and changes in internal programming necessary dur­

ing a test. 
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The teet volufilee irom the pAyload are converted to 10.wire.per.digh ded· 

mAl code by the difilitAl voltmeti!l" {or preuntAtion by the digHal recorder. In 

addition to printing the t.et volt.lliell, the number of the hl.t i. printed. A 

da.h line i. printed to denote Any voltAge thA! h outflide of preut limit •. 

The dual.chAnnel pen recorder ie u.ed to record receiver crystal currents. 

One chAnnel monltorlll signal cryetAl currents, and th. other monitor. inhibit 

crYllital currentdl. Since two separate crystal currents 1.1'. monitored tn eAch 

band, A dliana! {rom Bank H of the IIteppins ewitchelll from slsn.al.And.inhibtt 

A to .i,nal-and.lnhiblt B throufilh KlZ after uveu.l sweep. have been recorded. 

Du..J 1 marker pene indicate the bands and crystal c:urren~. being monitored. 

4.4." VoltllSI' Compllrlltor 

The volta.ie compa.rator ie ueed to determine wheth4!tr I. monitored voltage 11 

within prut't limite. The compar~tor Amplifier ie 8. dual-channel syetem fed 

by 60.cplI .qu.:He-wave voltagee which are ienerat~d through the operating dr­

cult of r II! lAy K32. One cha nne 1 \. e used to provide range. between the high 

limit and the monitored voltage and the other channel ill u.ed to prov~de rangell 

bl'tw('('J) the low limit and the monitored voltage, The 60-cps IIquare wavell 

are amplified and mixed, .. nd the reeultant voltage ill applied to the contacte 

ot the iio!no-io relay (K33). 

Thl" £lret let d contact. of rl"la)' K33 idl ueed to apply a ground to energlz:e 

the blank print whet"l or the dash print wheel on the digital recorder. A blank 

dt'notl'l GO and a daeh dl"n0tea NO·CO. 

In the cale of II. wlthin-ltmite voltage (go), the two square wave II are In phase, 

and KJ3 ill energiz.ed. The fiat 8et of contacts thereof enerl1izell the blank 

printinlil wheel, and the recorder pl'inte a blank which indicatcJII GO. The scc­

ond let ot contacte on K33 breaks the -28 v signal to KS, which disables the 

rl'd and amba nO-llo Hli\hte. The third diet of contactll on K33 I, used to 
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monitor the TAPE END lignal. In monitoring pOIHionlil ZZO &nd ZZl & atep. 

pini Iwitch enu gize. K5 which in turn interruptI the readout pubes &nd 

tranlilier. them to the comparator .witching contact. of the relay &nd, accord. 

inSly, no pr1ntins ruult. durin" tApe tran.it. 

At .ither end of the t&pe. the go p\'lhe from the tape, V1& the compa.ra.tor, 

caulile. the monitori!"lg to begin again in the normal e~quendng procedure. 

In CIUle of an out-of.limH. voltage, the two .quare waves a.re out of pruue 

&nd a da.h is printed on the recorder through the corruponding Hut lllet of 

KB contact.. The corre8ponding second let of contacta pUtlil a -Z8 v .ignal 

through the no-go actUAtor to the red-amber NO-GO lelector. If the out-of. 

limit. voltage is & critical voltage. the red light will go on indicating a NO. 

GO, K6 latches, &nd a li\lnal is lent to the malter control unit to disconnect 

all payload power. For a non.critical no-go condition, where continuation of 

the tuting is desired, a BY .PASS NO·GO ligna! i. fed to KZ, removing the 

red NO·GO and the STOP MON!TOR signal. The third lIIet of. K33 contactl is 

now open &nd the normal re&dout pulselll appear at the voltmeter external 

read input. 

4.4. 5 Check of Pa.yload Commands 

The command switching for the IIItatic telll1: program is shown in Table 4-1. 

During the progress of the static telltll, it ill necelllsary to acHvlte I=articular 

combinations of R TC f III a.nd SPC 'III prior to actual test procedure. For ex­

ample, the payloa.d I-F telilt generator must be activated to check the I-F 

ampli£ierll. 

Signals are lent from thl! Itepping !"elay to the master control unit to excite 

the appropriate control circuitlll which activate the payload command relaYIil. 

The telemetered point from the payload correlponding to each command ill 

monitored after e&ch command is ILctivated. Go indications lor the teleme­

tcred pointl eHectively check the Opel~&tion of all payload command functionlll 

with the exception of the gain adjultmt:ntl and the readout cantroll. 
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Ta.ble 4-1 

STATIC TEST PROGRAM FOR F-2 CHECKOUT 

I'::iyload 
Test Points 

I, 3, 5, 9 

127-127. 
119-120 

SPC-IA arm 

60, 61 

Commands or Switching 
Activated by Programmer 
Prior to Test Performance 

Latch RTC-H. SPC-6. SPC-7. 
and SPC-B. Step monitor step­
ping switch to zero position and 
activate monitc..r. Unlatch all 
latching relays in monitor. 

Connect Signal A and Inhibit A 
crystal currents and Band ON 
markers to pen recorder 

Remarks 

CommanJs and Zero set 
z..re ac!uated in control 
and programmer unit. 
This places receivers in 
the normal ferret mooe 
of operation and initiates 
the static test. 

One crystal from each 
balanced mixer is moni­
tored on a single wire 
designated "An - the other 
as "B." nA" is continu­
ously monitored fer the 
fir st half of the static test. 
"B" is monitored after 
test "A. " 

For tests numbered 1-24 
sequencing will stop at ill 

no-go, neceBsitating re­
pair of faults before pro­
ceeding. 
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0 Table 4-1 (contd) n 
7< 
I 
'" '" 0 

Commands or Switching 
). 

;00 Tent Payload Activated by Prograrnmer 
n l'lurn be r Tcnt POlOts Prior to Tent Performance Remarks ,., 
). ----.,., 
-0 

n 12-21 133-135, Test checks para.llel con-
0 128-132 nection of R TC and SPC ,., 
"" and isola tion diodes be-0 
"" tween SPC-l to SPC- 5 a.nd ). 
-0 

RTC-14. For points 133-0 » » z 135, R TC- 6A is normally "0 "0 
"0 "0 open. ..., ..., 
0 0 

For points 128-132. RTC- < < CD CD 7A is normally open. c. c. 

~~ -0 

t 
22 SPC-lA arm ..., 

;u 
7'1 "J A 144. Ill> Latch RTC-9 CD <.. .... ... " ro-ro .t-

oo • 00 
CJl .... 25 SPG-3B arm Connect stepping switch to se- ~~ CD ...0 quence through remainder of 
I\) I\)i 

points indicating but not stop- a. a -i ..... 
-J ping at a no- go -J ---- a a 

00 00 26. 21 RTC-6 & RTC- ---- ..... ..... 
1 arm -J -J 

() () 
28-41 20-39 Preamplifier gain set to a a 

0'1 0'1 
normal position in gain a a 
control unit before the a a a a ~ test is initiated CJ.) CJ.) V> CJ.) CJ.) V> 

;::: 
48-49 139-140 Stop receivers in bam! 1 discon- Each time receivers are "' V> 

k 0 nect Signal A and Inhibit A stopped in a band, BAND 
::0 
Q. crystal currents from pen ON pulse is used to discon-
V> III 
-g recorder nect RTe-H" and the 400. <0 )00-
n cps power from the band 0' m ....... 
0 sweep motor. This en- a~ ~ abIes static tes-ting of the 0'" u, N 
0 time-varying voltages. ..... \.AI 
Z 
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0 
n 
l"< 
:r 
"' "' Commands or Switching 0 
)0- Test Payload Acti vated by Programmer ... Number Tellt Points Prior to Test Performance Remarks n 
'" )0-
"n 

51-70 40, 67-48. 89 -4 

n 
0 71 SPC- 5I3 arm Act.ute RTC- 1 ,.. 
0 72 143 Redundant relay in payload '" )0- should be latched. » » -4 

0 "0 
"0 "0 
"0 z 73-91 61-80. 89. 104. ..., ..., 0 
0 82-84 < < CD 
CD C. c. 92 SPC-IA nor- Latch RTC-lO Allows test of I-F gain --

I~~ 
0 mallyopen ..., 
;U 

(...1') 93 145 CD 
I~ CD 

~~ 
Q) 

94-98 61, 10. 15. I~ CJl 
CD 

45. 55 :~J 
I\) 

I~' a 
99 SPC-2A n01"-

-J -I mallyopen ,~" -- a a 00 
00 ---- 100 SPC-3B nor- Latch R TC-l1 ...... ...... -J 
-J mallyopen () 
() a a 

101 146 0'1 
0'1 

a a 
102. 103 SPC-4B nor- a a a a 

xnal1yopen 
CJ.) 

CJ.) CJ.) 
CJ.) ~ ..... 104 45 ~ .-

m 
105 Spare .... 

~ 0 
::0 

106 147 Latch RTC-ll ~ 0.. 
..... rn 
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Test 
Number 

109 

lID 

lIi 

Il2 

113 

!l4 

115 

116 

117 

US-I21 

122 

123-126 

121 

128. 129 

130 

Payload 
Teet Points 

SPC-IB ann 

SPC-IB nor­
mally open 

46 

51 

15 

46 

SPC-2B arm 

SPG-lA nor­
mallyopen 

Spare 

41, 62, 65,66 

75 

11. 16. 46. 56 

RTC-6A arm 

RTC-6B arm, 
RTC-bB nor­
mally open 

RTC-1A arm 

Table 4-1 (contd) 

Commands or Switching 
Activated by Programmer 
Prior to Test Performance 

Start receivers sweeping 

Stop receivers in band 2 

Unlatch RTC-12 

Unlatch R TG-II 

Unlatch RTC-8 at test point 121 

Start receivers sweeping 

Step receivers in band 3a 

Remarks 

Tests III and H4. Check 
inhibit function, band 2. 

Tests gating muHivibra­
tor in data handler B. 
band 2 

Teats gating multi vibrator 
in data handler A. band 2 
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Test Payload 
Number Test Points 

131-135 42,12.17,41, 
51 

136 Spare 

131 15 

138 Spare 

139 15 

140 41 

141 Spare 

142 47 

143 52 

144 RTC-1B nor-
maUyopen 

145 RTC-1B nor-
mallyopen 

146 48 

141 53 

148 1.5 
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Table 4-1 (contd) 

Commands or Switching 
Activated by Programmer 

Prior to Test Performance Remarks 

Check gating multivibra-
tor in data handler A. 
band 3a 

Latch RTC-8 

Latch RTC-ll Check gating multivibra-
tor in data handler B. 
band 3a 

Check inhibit function of 
comparator. band 3a 

Latch RTC-12 

Start receivers sweeping 

Stop receivers in band 3b 

Tests 146 and 149. Check 
inhibit function. band 3a. 

Checks gating multivibra-
tor in data handler B, 
band 3b 
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Table 4-1 (contd) 

Commands or Swi tching 
Payload Activated by Prograz-nmer 

Tegt Points Prior to Test Performance 

48 Unlatch H.TC-8 and RTC-12 

75 Unlatch I'-T(..-11 

43 

75 

1 3. 18. 41.. 58 
• 

Spare 

Spares Start receivers sweeping 

Spare Stop r ec ei ver s in band 3c 

44 

75 Checks gating multivibrator in 
data handler A. band 3c 

14. 19.49. 59 

Spare 

Spare Latch RTC-8 

75 Latch RTC-ll 

49 

Spare Latch RTC-ll 

49 

Rernarks 

Checks gating multivi.bra­
tor in data. handler A. 
band 3b 

Checks gating multivibra­
tor in data handler B. 
band 3c 

Tests 170 and 17 l check 
inhibit function. band 3c 
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r- Table 4-1 (contd) 0 
() 
7<: 
I 
rn 
,." Commands or Switching 0 

~ Tcst Payload Activated oy Programmer 
>0 Number Test Points Prior to Test Performance Remarks () ,., ,.. 
21 173 54 
() 

0 174 Spare Unlatch RTC-8 70 

0 175 Spare Unlatch RTC-12; start receivers >0 
>-

» -i sweeplng. » 
0 "0 

"0 Z 2,4,5-9 Connect Signal B and Inhibit B 
"0 

"0 ..., ..., 0 
0 crystal currents &, BAND ON < < CD 
CD markers to pen recorder c. c. -- 176-198 

0 
0 152-153 Unlatch R TC - 11 ..., ..., 

~, ;U (.I') 154-159 Unlatch RTC-l 0 at 177 
CD 160-173 CD, CD 

~ 
.;>. Q) 

Q) I CJl= 
CJl N 199 174 Disconnect Signal B and Inhibit B CD 
CD .;>. ~~ 
I\) crystal currents from pen 

~, a recorder 
-J --i ~ .. -- 200 175 a a 00 
00 ---- ....... 
....... 201 148 Latch RTC-13 -J 
-J 
() 

() 

202 80 Turn off receivers a a 0'1 
0'1 

203 138 Latch RTC-3 &: RTC-I a a a a a a 204 80 CJ.) 
CJ.) 

3: CJ.) 
CJ.) 
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205 136 Vt 
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Payloa.d 
Test Points 

Spare 

Spare 

137 

80 
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Table 4-1 (contd) 

Commands or Switching 
Ac ti vated by Pro gra.rnme r 
Prior to Te st Per formanc e 

Unlatch RTC-8 

Disconnect normal pr int circuit; 
allow go at back end of tape to 
print. 

Unlatch R TC- 2 and -1; 
allow go at front end of tape to 
print. 

Reconnect print command 

Activate SPC-I to SPC-5 

Deactivate programmer; test 
over. 

Remarks 

Checks that diodes iso­
lating RTC-14 from SPC-I 
to SPC-5 are not shorted 
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The gain adjust controls are checked during the dynamic test. The 

telemetered points corresponding to gain positions are monitored and 

recorded. 

The readout control circuits are monitored for correct operation durinji( 

tests numbe red 220 and ZZI of the static test program.. 

4. 4. 6 ~~~C". End Signals 

A signal ': m the stepping switch to KS (tape test relay) changes the monitor 

readout circuit to read on a signal through K33 in the go position. The volt­

age monitored is the tape front-end or back-end signal. Since the compara­

tor will be in a no-go state until the tape reaches the end, contacts of KS are 

used to prevent activation of the no-go relay. 

4. 4. 7 Band. Ga tea 

The band gates generated in the payload are the inputs to d-c amplifiers A4 

through AS. These pulses drive BAND ON relays KI8, K19. K20. K30, and 

K3l through t:-ansistors 01. 02, 03, 0-1, and 05. Contacts on the BAND ON 

relays are used (a) to generate markers for the pen recorder, (b) to generate 

signals for controlling the sequencing of the DTCU, (c) to generate band stop 

signals, and (d) for switching the checkout eqUipment for ope ration with clif­

fe rent combinations of bands. 

4.4. S Monitoring of Time Varying Voltages 

The payload receiver scan motors are stopped in each band to monitor all of 

the test voltages that are on only with the band in operation. A signal from 

the stepping relays latche s one of the BAND STOP relays, Kl3 through Kl7. 

K3, the DELAY PRINT RELAY, is also activated each time any of the BAND 

STOP relays is activated. This interrupts the test cycle. Contacts of the 

BAND STOP relays K13 through K17 are connected in se ries with contacts of 

the BAND ON relays KIS, KI9. K20, K30, and K31. The signal through 

the er.d gate of the BAND STOP and BAND ON contacts is fed to the 

maste r control unit to stop the receive rs in a band. The delayed print relay 
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K4 is also activated by this signal. This relay no",' bypasses K3 to apply a 

timing pulse to continue sampling of monitor points. After all time-varying 

voltages in a band have been recorded, K3 and one of the BAND STOP relays 

is unlatched. returning the payload equipment to normal ferret operation. 

4.4. 9 SWitching of Checkout Equipment 

The checkout equipment is designed for five-band operation. 5everalswitch­

ing opera.lOns mu.,t be performed, therefore. to accommodate the particular 

combinatlOn of receivers in the payload under test. 

The BAND-ON signal pulses indicate the combination of active receiver bands 

in the payload at a particular time. The pulses latch the band indicator re­

la ys (K3 5 through K39) which perform the required switching for adapting the 

checkout equipment for operation with the particular combination of bands in 

the payload. 

Two sets of cor.tacts on each of the indicator relays switch the ADVANCE and 

ADVAj\CE ENABLE sigr.::tls to the DTCU. 

Ti,e AD\, Al\'CE signal is generated by the BAND-ON pulse from t;he first re­

ceiver band active in the p:lyload at the particular time. The ADVANCE 

S:~.\BLE signal is generated as a result of the absence of the same BAND-ON 

pulsf'. A si~n3.l from relays K35 through K39 is also supplied to the DTCU to 

switch the tlm ing circuits. 

4.4.10 ~1anual Calil:;ration of Monitor Unit 

P:-ior to activation of the automatic test, the digital voltmeter input is con­

nected th::-ough cont;J.cts on relay Kl to the arm of switchSl, the '/OLTMETER 

Il\:PUT selector. This enables selectionand measurementofa number of crit­

ical voltages in the checkout system. In addition, one position of 51 allows 

s election of all power supply voltage s for monitorin!:; '.b.rough another switch on 

thepower supply unit. S2 and S3(Step), in conjunction with the Nixie indicators, 

permit manualsequcncing of the stepping relays to any test position. When the 

l\:ixie readout indicates proximity to the test point desired, S3 may be used to 

advance the step?ing relays, a testposition at a time. When in a test position, 
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checking of low and high !imitJII may be made by switching in tho voltmeter 

through Sl; adJu.tment of limite, if required, can then be accompliehed with 

limit potentiometers accelllllible through the front panel. Switch S5 enables 

manual reolletting of all stepping relays to the 0 teltt poltiUon. 

After stepping to a po.Hion in the manual mode of operation, a check of the 

sampling loop can be accompliehl"d by elo.ing Itwitch 54 (MANUAL PRINT). 

Thill twitch rl"movelt data handllH power by llrounding the data handler power 

relay and lend. a Bignal to the digital voltmeter to read. 

4.4.11 ~1o:1i!or Unit TCl'ft Sequ{,rlcl" 

Whl!n the STAR T TEST button on the master control unit h pres.cd, .28 v 

power i. momentarily applied to all Ittepping relay. for initial reaet to poet. 

tion 1. ,The pro~ramm!'r uendB an initiate signal (-28 v) which activatee K1 

in t;;e mo ... tor unit. The ,nitiate Signal is aho applied to the stepping relay 

comrr:and. thc:-f'by !lcqucncin!l and unlatching varioua relay banke. 

KI !!wQcht'9 the digital voltmeter to the appropriate IIwitch bank for reading 

the VarlOUll telemeterf'u voltage!!!. Kl alao seta the repetition rate of 'the ex­

tern"l voltrr:cter reau circuit to.3 seconds. 'rhi. read clrcu~t activates K9 at 

.3-et"conJ interval!! which initiates the sampling circuit in the digital voltmeter. 

Upon c:cmplC'tiLln of the !lampling cycle, the digital voltmeter eend. a print 

command puleI' which il!l rC'utcu through the master control unit (K~O) and the 

data handlt'r to the ir:.put of the print command delay circuit in the printer. 

Afte r a 0.2. Hconci delay the print cycle is initiated by thie circuit. During 

the print cycl(' _ 28 \' pC\J\ ('r is 8witched from contacts of K6, which are used 

to stop the tt'llt in the event of a no-go, to the coil of K8. Clollurc of KB en­

aolell no- ~o l!amplln~ and initially seta the IItl'pping lIignal driver circuit. In 

the {'vcnt of fI ft"d no-go, the Itatic tellt ill deactiva.ted by ewitching -28 v to 

tll .. inp'clt of the red no- go teat stop contacts of K6 at the end of the print cycle. 

K8 :11 fllmultaneoul!ly de-('neq.:i:r.ed allowing a pulse delayed by O. Z second 

from 1:11" IItcppinio( si!,nal ul"luy circuit to energize l{lO which advance!ll the 

atf'ppi:lg rela),lI to the f()llowing tellt posltlOn. 
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The te at ill thul sequenced through all ZZ5 pOlliUons u ahown in Table 4.1. 

Alter test 2.25, a. deactivate lignal from the last atepping relay is lent to the 

master control unit. 58 (HOLD IIvritch) enablea the sequence to be interrupted 

at any .Jtep by opening the input to K8. All of the above .equence ltill occur. 

except t:tat no-go sampling and automatic advance of the atepping relaya ill 

stopped. 

4.5 MANUAL TEST UNIT 

The manual tel!lt unit eetablillhel the meanll for achieving manual control of 

payload {uncti('lns during diagnostic test procedurea. Switchelll on the manual 

cant rol uni t III imula te all payload commands, thull enabling the operator to ex­

amine any component in the payload ior troublellhooting, maintenance, cali­

bration, and adjuliitment. The IIwitchelJ simulate the relays of the automatic 

mode of ope ration and are inte docked to prevent activation during the auto­

matic mode of operation. 

The ul!le of this manual control system enables troubleshooting of any compo­

nent of tht> payload without removing it from the I'llllllembly. If either the static 

or the dynamic teet indicates a malfunction, detailed investigation of the fault 

can be made through the manual teet unit in conjunction with either the internal 

or extermd test signals. For example, malfunction of the payload data handler 

may be locali:r.cd with the aid of an oscilloscope and the internal video genera­

tor. Simila :-ly. malfunctions in the 1- F amplifiers can be localized through 

the use of an oscilloscope and the I-F test generator. The receiver Bcan mo­

tors Can be stopped through IIwHches on the manual tCl!It unit for testing of the 

rt'Ct'lvt'r front f'nd~. The normal gain settings of the preamplifier, can aho 

be detcrmint>d in thiJ mode of operation. 

:Fit;ure 4-6 ehow!I the echt>matic diagram of the ma.nual test unit. With the 

('xccption of the payload power switches, all switches aTe of the double-throw 

thrr'e-position type. Two poles are uoed to simulate relay contacts, whilo the 

third pule of each awitch is used for the interlock function. For stoppir.g the 

SCan motor!!, the brake IIIwitch on the manual teet unit interrupts one phalle 

of the thrC'c-phase, 40G-cpe supply to the payload. This switch alao interrupts 

4-29 
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the 2S-v Jlupply. thus causing the brake to take efiect. A ZS-v bypalllll switch 

enables restora.tion of the ZS-v lIupply to the various units of the payload 

equipment without actua.ting the scan motors. 

Manual advance of the DTC U is provided by a momentary switch located on 

the manual test unit. This enables the lIelection of the modulation character­

istics of the !lignal lIource in manual operation for \.ue in a diagnostic test. 

RTC-4 (Preamp Select) has not been included as one of the commands on the 

manual test unit. Thill function hall been incorporated in the band mode 

IIwitch on the DTC U. When thilll sw:.tch is placed in any of the band pOSitions, 

the signal pre amplifie r of that ba.nd i!J automatically selected for gain adjust­

ment. A pushbutton on the manual tellt unit ill provided to allow the pream­

phfier llelected to be returned to the ligna.l channel. Upon relelUe of this 

button. the iilhibit channel of the band lIelected is under control for gain ad­

justment. The payload tclemdprpd voltages for RTC-4 and RTC-5 can be 

measured by the' dlg:tal voltnH .. ter through the voltmeter selector switch on 

the monitor I unit. 

4. 6 CO~l!\lA0iD I~DICATOR PANEL 

This panel. shown in Figure 4-7. is compolled of indicators that display the 

status of payload commands during either manual or automatic checkout pro­

cedure'S, The purpose' of this panel is to provide a means for locating inter­

action of payload commands. Whe re possible. indicators show OFF as well 

aEl O~ positions of command relays and switches. Indicators are also pro­

v. ~d to permlt rapHi determination of the preamplifier selected for control 

and its ~:1in position. These indicators are controlled by payload telem­

l'tert'd vo1ta~e's. 

4. 7 SIG~.AL GENERA TORS 

The si);nal gcne:'ators in the cheCKout equipment sUPFly a specific prepared 

pro~ram of slmulated radar signals that completely test and calibrate the 

payload. These programmed signalei comprise the dynamiC test a>:,j are 

defi:1ed with the following criteria. 
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a. Telt signals are a';1tomatically .elected for injection into the payload. 

b. The test lignals are selected to accurately determine performance 
and help locate faults in the payload. 

c. The addition of other bands can be readily accommodated. 

d. Th~ accuracy of the teet signal characteristics is at lealilt an order 
of magnitude better than that specified for the payload. 

e. The stability of the signal generatorl obviatell frequent or repeated 
calibration. 

The lignal generatorl are capable of being programmed manually alii well as 

automatically (as they are in thtl dynamic test mode), In the manual mode 

o{ operation the diagnostic testll {or maintenance, reliability and detailed 

eval uation of the payload will be performed. The capability of manually con­

trolling the payload with the manual telt unit in conjunction with the manual 

{unctionl of the generatorl lends the Hexibility required for thue telta. 

Telta not luitable for Icheduling in the automa.tic te.t program are performed 

during the manual method of operation. 
,.. .. 

Figure 4-8 ahow8 the functional block diagram of the lIignal generating equip-

ment. The g:-oup con~i.ts of two lignal lource units (band 1 and band 2), two 

modulator units and the DTCU. All commands to the lignal generator group 

are luued from the DTCU, via a modula.tor, to the lIignal aourCelll and ulti­

mately to the payload equipment. 

4,8 DYNAMIC TEST CONTROL UNIT (DTCU) 

The DTCU eupplice: 

a, ;\lodulator units in the checkout equipment with control signals in 
the dynamic test and manual modes of operation 

b. The payload with the command signalll (RTC-5 Gain Adjust, RTC-4 
Preamp Select, R TC-8 Standby Circuit Control) 

c, Simulated time and attitude information for either the dynamic or 
manual mode of ope ration 

d. Ir.dication of the progress of the dynamic test 

A schematic diagram of the DTCU is shown in Figure 4-9. 
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The DTCU signals when manually controlled enable self-testing of the signal 

gene:::-ators. Manual controlll also provide for the initial selection of the re­

ceiver p::-eamplifier gain position in the dynamic test mode. The dynamic 

test control ~ignals sent to the modulators: (a) set pretest conditions for 

the dynamic ten mode of operation; (b) allow frequency and power sequenc­

ing; and (c) program the dynamic tellt dgnale. 

The pretellt conditions determine proper frequency and power lIequencing 

time. The DTCU band mode select signah (derived from the nwnber of re­

ceiver band pullle. present in one complete payload Bcan) select the correct 

time intervale in the modulator frequenl:Y and power sequencing circuits. 

The time intervals programmed for t!ach changing of frequency of tl:~ BWO's 

will vary, depending upon the number of bands being tested. The band mode 

select circuit determines the correct timing informati.on and (lends it to the 

modulator units via the band mode select 8 ignals. 

In the dynamic mode;> of operation, the test signals from the DTCU initiate 

and maintain the progress of the test. The test signala consists of modula­

tor IItepping switch advance signals, Onl~ to each modulator, which allow the 

dynamic test to progress from one scan position to another. There are 20 

scan POB itions of the modulator I!Itepping switches. 

Two Nixie indicators on the front panel of the DTCU show the numerical scan 

position of the modulator units. Twenty-one stepping switch positions are 

required to complete the 20 II cans. 

The dynamic test programs for F-2 (fHs l, 2) are shown in Tables 4-2, 4-3, 

and 4-4. 

The simulated command signals s uppli€d to the payload are functions of the 

dynamiC test scan positions. The simulated payload command signals con­

sist of RTC-4, RTC-5, and RTC-8 and can be applied to the payload in either 

an automatic sequence, as in the dynamic test mode. or in a manual sequence, 

as is the case in the manual mode of operation. 

The attitude information is injected into the payload at various pointl!l of the 

scan positions in the dynamic test program. 
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Table 1-2 
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DYNAMIC TEST PROGRAM FOR BAND 1 OF F-2 (FLTS I, 2) 

Test Frequ~ncies: 2. 8 kIn c () r 2. 6. 2.85 and 3. 1 kmc 

Signal Inhibi t Ga in-Settings Gain.Settings 
Channel Channel Payload Sl gnal Channel Inhibit Channel 

Scan PRF PW Amplitude Amplitude Data Preamplifiers P r eampltfier 3 

Number (cps) (/lsec) (dbm) (dLm) I-Iandler Set to- - -Position Set to- - - Position 

0 Normal Normal Normal 

258 21. 0 -77 -85. 5 Normal 

2 258 21. 0 - 52 -60. 5 Normal 

3 400 10.5 -27 -35.5 Normal 

4 400 10.5 -77 -77.5 Normal Off 

5 400 10.5 - 52 -52.5 Norrnal Normal 

6 400 10.5 -27 -27.5 Normal Off 

7 400 10.5 -52 -60.5 Normal Minimwn Maximum 

8 400 1.0 -77 -85.5 Normal Normal Normal 

9 400 1.0 -77 -85.5 Normal Normal 

10 400 30.0 -52 -60.5 Normal Minimum Minimum 

11 24 kc 1.0 -27 No signal Normal Minimwn Minimum 

12 34 kc 1.0 -27 No signal Normal Minimum Minimum 

13 120 21. 0 -52 -60.5 Normal Minimum Minimum 

14 129 21. 0 -52 -60.5 Normal Minimum Minimum 

15 258 21. 0 -52 -60.5 Redundant Minimum Minimum 

16 400 10.5 -52 -60.5 Redundant Minimum Minimum 
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Signal 
Channel 

Scan PRF PYI Amplitude 
Number (cps) (fsec) (dbm) 

17 I20 28.0 -52 

18 129 28.0 -52 

19 24 kc LO -27 

20 34 kc 1.0 -27 

,.........., ...---..... ,..--. ,.-_.'" ".~--., 

Table 4-2 (contd) 

Inhibit Gain-Settings 
Channel Payload Signal Channel 

Amplitude Data Preamplifiers 
(dbm) Handler Set to---PositiQn 

-60.5 Redundant Minimum 

-bO.5 Redundant Minimum 

No signal Redundant Minimum 

No signal Redundant Normal 
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0 Table 4-3 n 
;><: 
I DYNAMIC TEST PROGRAh1 fOR BAi'm 2 OF F- 2 (FLTS 1, 2) rn 
m 
0 

Test Frequencies: 9.5 krnc or 9. I, ').5 am1 9.9 krns >-
'" n 
'" > 
-n Signal Inhibit Gain-Settings Gain-Settings ..... 
n Channel Channel Payload Signal Channel IT hibit Channel 
0 
'" Sean PRF PW Amplitude Frequency Amplitude Data Preamplifier s Pr eamplifi e r B 

'" 0 Nurnber (cps) (p.see) (dbm) 
'" 

(kme) (dbm) Handler Set to---Position Set to---Position 
> ----- -
..... 

» 
(5 9.1 » z 0 9.5 Normal Normal Normal "0 "0 

"0 9.9 "0 ..., ..., 
0 0 
< < 
CD 9. 1 -84.0 CD 
c. c. - 258 21. 0 -77 9.5 -85.0 Normal -0 0 ..., C/) 9.9 -87.5 ..., 
;U 

~ 
;U 

CD 9. I -59.0 CD 
CD CD 
Q) 2 258 21. 0 -52 9.5 -60 0 Normal Q) 
CJl CJl 
CD 9.9 -62.5 CD 

I\) rn -.0 I\) 
a --I 9. 1 -34.0 a 
-J 3 400 10. 5 -27 9.5 -35.0 Norrnal -J -- --a 9.9 -'::.7.5 a 
00 00 -- --...... ...... 
-J 9. 1 -84.0 -J 
() 4 400 10. 5 -77 9.5 -85.0 Normal Off () 
a a 
tn q 9 -87.5 tn 

a a 
a 9. 1 -53.0 a 
a 3:: a 
CJ.) v; 5 400 10.5 -52 9.5 -53.0 Normal Normal CJ.) 
CJ.) U> CJ.) 

r- 9.9 -53.0 rn 
U> 
Q 9. 1 -28.0 :J 
a.. 

6 400 10.5 -27 9.S -28.0 Normal Off U> 

'" 9.9 -28.0 >- <: n 
m 

9.1 -59.0 0 
0 

.-
:;:: 7 400 10.5 -52 9. 5 -60.0 Normal Minimum Maximum ~ V' -62.5 6 9.9 ft' 

z H 

-------<----..-.... --- ........ ~-...... ------~.-.--- ----- --
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0 Table 4-3 (contd) n 
"" I 
m 
m 
0 

» 
Signal Inhibit Gain-Settings Gain-Settings ;00 

n Channel Channel Payload Signal Channel Inhibit Channel '" » Scan PRF PW Amplitude Frequency Amplitude Data Preamplifier s Preamplifiers ." 
-t 

n Number ( cps) 
0 

( ~sec) (dbm) (kmc) (dbm) Handler Set to---Position Set to---Position 

'" -0 
9. I -84.0 0 

'" 8 400 1.0 -77 9. 5 -85.0 Normal Normal Normal » 
-t 

9.9 -87.5 5 
z 

9. 1 -84.0 » » 9 400 1.0 -77 9.5 -85.0 Normal Normal '0 
'0 '0 ..., 

'0 9.9 - 87. 5 0 ..., 
< 0 
CD < 
C. CD (/.) 9. 1 -59.0 -c. 
0 -

~r 
10 400 30.0 - 52 9.5 -60.0 Normal Minimum ~v1inimum ..., 

0 ..., 
9.9 -62.5 ;U 

;U CD 
CD 

,~ CD 
CD Q) 0 9. 1 -34.0 CJl Q) 

CD CJl 
11 24kc l.0 -27 9.5 -35.0 Normal Minimum }'·1 i nirnum CD 

I\) 
I\) 9.9 -37.5 a 
a 

-J ---J 
9. 1 -34.0 a -- 00 a --00 12 34kc l.0 -27 9 .. 5 -35.0 Normal Minimum Minimum ..... -- -J ..... 
9.9 - 37.5 -J () 

() a 
0'1 a 

9. 1 -59.0 0'1 s:: a 
a Ui 13 120 21. 0 -52 (), 5 -60.0 Normal Minimum }"linimum a VI a a r-

9.9 -62.5 CJ.) a m 
CJ.) CJ.) V> 

L' CJ.) 0 .... ::l 

-59.0 ~ a.. 9. 1 tIl VI 

14 129 21. 0 -52 9.5 -60.0 Normal Minimum Minimum <: t:1 " » 
o ' n 9.9 -62.5 ....... J ... m 
C y~ 0 "'; ... :. 

=< 
Ui ..... t,) 

5 I'"-'< 1..» 

Z 
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0 Table 4-3 (contd) n 
r. 
I ,.., 
'" 0 

)0-

Xl Signal Inhibit Gain-Settings Gain-SetLngs n .., Channd Channel Payload Signal Channel Inhl Lit Chanllel )0-
-n Scan PRF PW Amplitude Frequency Amplitude Data Preamplifiers f'reamplifiers -i 

n Number (cps) (fJs ec) (dLm) (kmc) (dbm) Handle r Set to---Position St:t to---Po~ition 
0 ----n 
-0 

0 9. I -59.0 ;>0 

)0- 15 258 21. 0 -52 9.5 -60.0 Redunda nt lv1inimum .M Inirnurn -i 

(5 9.9 - 62. 5 » z "0 
» "0 
"0 9. 1 -59.0 

..., 
0 

"0 < ..., 16 400 10.5 - 52 9.5 -60.0 H .. edundant Minimum Minimum 0 CD 

< 9.9 - 62. 5 
c. 

CD -C. 0 - C/) 
..., 

0 9. 1 -59.0 ;U ..., 

"R 
CD 

;U 17 120 28.0 - 52 9.5 -60.0 Redundant Minimum Minimum CD 
CD ,.p.. Q) 

CD , 9.9 -62.5 CJl 
Q) ,.p.. CD 
CJl I\) CD 9.1 -59.0 .. 

--i 
a 

I\) 
18 129 28.0 -52 9.5 -60.0 Redundant Minimum Minimum a -J ---J 9.9 -62.5 a 

00 -- --a ...... 
00 -J -- 9.1 -34.0 ...... () 
-J 19 24 kc 1.0 -27 9.5 -35.0 Redundant Minimum Normal a 
() 0'1 
a 9.9 -37.5 
0'1 a 

a 
a ~ 9.1 -34.0 

a 
a CJ.) 

a Vi CJ.) 
V> 20 34 kc 1.0 -27 9.5 -35.0 Redundant Normal CJ.) F CJ.) m 9.9 -37.5 V> 

0 

E " a. 
U> 
"'<I en 
)0- <tJ n 
m o I 

0 ....... >Po 

<: ~ >Po 

Vi 3 ---l 
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rES CRi PTIC):\f OF SC\0:S FOR DYNAMIC TEST PROGRAM 

Th;s is 311 oyer:111 receiver check. Three frequencies (low, medi­

ur::, and high) pcr band are select~d to check the tracking of the 

shaft e:Jcodcr J.nd preselect:)r with the oscillator. An amplitude 

of -77 dbm ior the signa 1 ch21111e1, and -85 dbm for the inhibit chan­

ne1. tt'sts the lowest acceptance level of the receivers. * l'.iistrack­

i:J( of tl',e presclcctor may result in failure to obtain an intercept 

Que to l:1crcJ.sed insertion loss in the signal channel. A failure of 

an intercept can there':ore be due to bad sensitivity (noise figure), 

receiver mist:::'acking. a wrong threshold setting in the amplitude 

compJ.rator. a cLiLJ. handler failure, or a probability of occurrence. ** 
The PRF counter should read 155 counts (010011011) (258 cps) and 

the PW counter should read 42 counts (101010) (21 ,..,.sec). 

ThlS scan, except for sensi.tivity. serves the same functions as 

scan 1 except at a-52 dbm and -60 dbm power level for the two 

channels. A lack of intercept at any frequency will be caused by 

mistracking of the receivers, the data handler, or improper log 

amplifier action as a fUnction of !'lignal level. 

The third scan tests for a 50-db dynamic range of input power for 

operatIOn of the receivers. Inhibit action will occur if the signal 

channel I-F amplifier limits the high input level. 

The PRF counter should read 100 counts (001100100) (400 cps) and 

the PW CQWlter should read 21 counts (010101) (lO.S,..,.sec), which 

are complementary to the digital number of scans 1 and 2. The 

PRF and PW counters ar e thus checked. 

,~ The PRF z.nc. PW arc selected to test the counters in the data 
handler. 

** If evaluation of performance of the probability of occurrence ef­
fect is desired, scan 1 shall be repeated B many times as 
necessary. 
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Scan .f 

Scan 5 

Scan 6 

Scan 7 

Scan 8 

Scan 9 

Scan 10 
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Table 4-4 (contd) 

LlviSD -44 7423 
Vulume I 

The fom"th scan .eSL; the inhibit channel sensitivity at a -79 dbm 

pQ\",cr level, and the ability of the amplitude compz:rator to inhi~it 

with a 2-db signal-to-i:1hibit (S/1) amplitude ratio. Changing the 

inhibit channel gain to OFF during the scan will result in no inter­

cept for the first two f:-equencies. The third frequency will pro­

duce an intercept, proving the ability to turn off the inhibit channel 

preamplifiers ond verifying that the inhibit channel was functioning 

for scans 1. 2, and 3. 

This scan continues to check the amplitude comparator inhibiting 

fun.ction at -54 dbm power level. Frequencies 1 and 2 will be 

intercepts, verifying the return to the normal gain setting of the. 

inh ibit channel pr ea mplifie rs. 

This scan tests the inhibit operation of the receiver at an input 

po\ver level of -29 dbn1, 

This scan checks receiver inhibit characteristics at minimum 

signal channel and maximum inhibit channel gain. Frequencies 

and 2 will be intercepts. Frequency 3 will be inhibited, verifying 

ability to move signal channel gain to minimum and inhibit gain to 

lna..xi mu,n. 

This scan tests acceptance level for a l-j.J.sec pulse at -77 dbm 

level with an S-db S/I ratio. Both signal and inhibit channel gains 

are set to normal, and the la.st 2 intercepts recorded. There is a 

prob~bility that the signal will be inhibited during this scan so that 

it is repeated for scan 9. 

This scan, repeatl.::d as many times as necessary, is used to de­

termine the probability of acceptance. This is done by stopping 

the dynamic test in this scan. 

This scan checks the S/I ratio at -50 dbm. With the s:,gnal channel 

gain at minimum, frequency 1 will be an inter cept and frequency 2 

I',)CKHEED AIRCRAFT CORPORATION ~T MISSILES end SPACE DIVISION 
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Volume I 

Table 4--1 {contd} 

might be i:-,hibitcd. Ai:cr setting the inhibit channel gain to mini­

IT. UIT1, frequency 3 \\,'i11 be recorded as an intercept. The accept­

ance or rejection of frequency 2 gives an indication of actual S/I 

ratio netded at -50 dhm power It'vel and frequency 2. 

The PRF d 24 kc is close to the mil.XUTIum PRF that the data han­

dler will allow due to a bla:1king gate ;n the amplitude comparator. 

Scan;' i. tests that the gate is not too long. By removing the input 

to the inhibit channel in band 1, the high amplitude signal tests 

the skirt selectivity. The first intercept will be made as soon as 

the S /I input ratio is greater than 8 db. »: This will occur at the 

bottom of the band pass characteristic curve. The inhibit channel 

preamplifiers are turned off. 

Second Inter cept 

24 millisec 

after first. 

First Inter- Third Intercept may 

or may not be re-

For 

60 db 
~nd\vidt-h---------b~1 

..01 ... 1-----

"- corded depending on 

skirt selectivity 

width. 

<2 intercepts: Selectivity is too narrow. 

2 tc, .::: intercepts: Selectivity is between 4 and 6 Mc. 

>3 illter cepts: Selectivity is too wide. 

* The S/I ratio needed for an intercept varies with frequency, 
power level, aIld PW. 
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Scan 14 

Scan 15 

Scan 16 

Sc:tn 17 

Scan 18 

SCln 19 

SC3.n 2.0 
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Table -1:-4 (contd) 

Ex?lal'.ation of Scan J 1 

LMSD-447423 
Volume I 

SC:,:1 II a.Iso tests the re?dout circuit which allows one intercept 

every 24 milliseconds. The i -{Jsec outFut generally tests the 

::- l' c c i vcr's Ci b i Ii t y to han dIe t his p ul s e . 

SC:tll 12 in cQnjunctlOl1 ,-, .. ith scan 11 checKs skirt selectivity. The 

34-kc !=lEF- tcO!,'1 thCit the am;)litude comparator blanking pulse is 

not :00 snl:.111. The 34-kc PRF should be counted every 35/-Lsec. 

Since the fH.:.lse interval is less than the blanking pulse, every 

0~her pulse will be recorded. The PRF counter should read 17 kc 

clue to the J.:viding ;lctlOn of the blanking pulse. 

~he pU:;)f)Se of S(,3n 13 is to check the non-verification reset time 

in the cO:T1?uter. If a second pulse is not received within 8 milli­

seconds of the first pulse, the int£>:'cept is considered non-verified 

and the corl1puter is reset for further intercepts. 

The 129-cps PRF tests that the non-verified reset circuit is not 

too short. Its pulse interval is 7.75 milliseconds. 

This is the first test of the redundant data handler. Scan 15 is the 

same as scan 2. The remaining scan3 test the redundant data han­

dler as in scz:.ns 1 to 14. 

This is the same as tican 3 except the signal channel amplitude is 

-52 dbm and the inhibit channel amplitude is -60 dbm. The redun­

dant data hClndler counters are checked. 

S,H71e as SC;ln 13 with redundant data handler. 

Same as scan 14 with redundant data handler. 

Same as 5 can 11 with redundant data handler. 

Same as scan 12 with redundant data handler. 
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T:" \~.'::: ",'::.::..;:i 0:: :".l' ::':-C'~l~l:)::[;crs in the payload ar-= set to their ncrmc,l 

,>";:::.':: ".::-: .. ...: :'~l' :·~(':,'sl ,'e::-;c)d. TLe normal gain position setting is con-

2'.::.) ':Ct' ,-.-:::::-.<>:,: ::: ':,',' :'.: .. :::::1: :~:,>::"'. During the dy-namic test the ?re;uTI­

~,c.::,,::- ,~,::;:S _l::-C "'< :0 :~~.iX:;T.::i:1 ,[,',d clinim~m and returned to norn1al gai.n 

T:~c :;:.l:~:;,ll clli\.);-at:on of tLc si,:nal ~ellerators is accomplished. by means 

cf ~::e ;:;:'E',:.ll (,',,' \-UI:I, \')a:ll thl.' P:1Y:0;-,d cquipInel1t is in the manual mode of 

,,;:cL1t:on. The :\L\':\';'.:AL ,\D\';\;-";CE switch on the manual test unit steps the 

DTCl; to ::ny desired scJ.i1 position and sets the modulation characteristics of 

tl:e ;;ie,ll.:ll scur':e 0\' ?ro~~r'l.rnmin-" the modulators to the desired type of out­

,)lit s:.c.nJ.l. The Ir,l;ll:.1.] CW-PULSE SELECT switch on the modulator unit 

CI1Jb:l'S pO\\'er ,lna fr"quency calibrations in either the CW or the pulse out­

P'clt type of o::,'r.l.tion. The :3A:-JD SELECT switch on the DICU applies anode 

,~nd ;;:rid V01':1C,CS to the :lpprOpri1te BWO and. grid and anode remote control 

voltasC's to th<.; curresponding modulator units. 

4,10 BA:--;D :\iODJ::: SELECTION 

After t)le p;lyload rer:eivers are turned on, through the master control unit, 

the nwnitor 1 11l11t supplies the CTCU with various band gates that are fed 

o;lck from tLe p"ylO,ld 33 a control signal for the checkout equipment. This 

Ciipl"1 permits the DTCU to automatically select the correct combination of 

checkout equipment circuits for two-, three-, four-, or five-band opera­

tion, Logic adders, inverters, and AND gates allow the appropriate relays 
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to bc energized, depe:ldii1f; upcm the nur-n:,er of bar:ds in use. 

LMSD-447"E3 
Vclu.me I 

T1.1C energizing 

of the rel3.Y selects the cor~'(;ct tilnc-cH:o'=lU<21'.cinc:: signa.l for the n::odulator unit, 

and thu;;; co;~t:'ols the time interval duri,l; '.';!'ich a p:lrticular hequent;y is in-

jected into the paylo2..d. Ont.. cor::plet~ }J2..ylo2-d tf~st sca.n is necesaary to cncr·-

gize tLe propel' relay. 

A feedback system is used fer ~i1:tom;:>t;<::aJly adjusting the gain of th::: payload 

prean:plilicrs. A t";u-lcvcl telcme:Ering code (provided in the payload for 

monitoring prC::<lmplificr gain setLings) is us,~d [or the feedback signal. E3.ch 

level of the telemeter(ng code consists of a vCltzige that is part of a four­

volt3.g~ divider network:. There is J. sct of levels for Dlonitoring the cor.ect­

Dess of the :PREl\.~fPLIFIER SELECT position while other levels mon:.tor the 

~ream?liiier g<lln setti::1gs, The DTCU u:ili::cs the telemetering outputs to 

ilutomc:.ticc:lly select a preampliiier ar:d change its gain setting. The change 

of tl~e gai:l. setting is accomplished duri:rg the time \\'hen that particular ba:.1d 

gZlte is ON. This band gate energizes a si.'(-pole r:::lay that <::orUlect~ anyone 

of four refere:.1ce voltages from t!J.e DTCU and the corresponding telemetered 

voltLlge. ':0 the vol:age comparators. 

The presc:l.ce of ::In error sign2.1 iI, the output of the C0:.11parator is usen to 

t.i,>;,L;er two mor:03table multn'ibrators. One of the multivibratora drives il 

l"cl.l.y at a rate of 1 0 cps for 50 milliseconds. The contact closure3 of R 'IC-4 

stC}) the preamplifier select stepping switches in the payload udil the COn1-

pCll'J.tor output error sign:11 disappears, deactivating RTC-4. Upon the deac­

tiv;:..ting of R 'IC-4, the gain select inhibit signal (derived from t]-,e pre&.iTlplifier 

select voltage comparator error signal) disappears and the gain select drcuit 

is allo\ved to scnd R TC-5 to the pa;rload and to select the proper gain setti:.1g 

in the s"me In;tnner as the prc3.mpli:ier select cir cuits. The reference yolt­

ar:es will vary depending on the particular gaill desired. Three different 

gain pos itions are programmed during the dynarr,ic tes t. 

The th:-ee stepping switches in the DTCU impress the r. ference voltages upon 

the relay contacts. 
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In both ~!-:e automatic test mode and the manual calibration mode, the pl-eam­

pJi:-iers are ::let to their normal gain positions when the stepping switches arc 

in the ::c;:-o scan positIon. 

[wenty 1-position switch··· .:;elect the appropriate refe:!:'ence voltages for 

normal gain settings. \. de switches are located on the rear panel of the 

DTCU. ) 

The PI' earr.plifier gains are changed to their maximum, minimum, and normal 

setti:1S'a during the dynam:'c test. The stepping switch energizes an enabling 

re~J.r in either the signal or inhibit channel each time the gain settings in 

tI-..l.t channel are altered. This relay permits gain control action when ener­

gized and inhibit action when de -energized. 

4.12 DYXAl\!IC TEST SEQUENCE 

Before the ar:tual starting of the dynar::1ic test, the payload receivers are 

turned on by a signal fr om the mas ter control miit. A zero scan signal from 

the Silme unit se~s the DTCU in the zero scan position. At the end of the 70-

second warmup delay or pretes t dur ation, during which time the receivers 

arc set to their normal gain pos itions, the zero scan signal is removed, and 

the start dynamic test signal is sent by the master control unit to the DTCU. 

This signal latches relay K4, Figure 4-9, which in turn, permits the advance 

signal to pass through K16 and K4 to the stepping switch advance relay, K2. 

After 50 milliseconds Kl is energized, de-energizing K2 and a~lowing the 

pro;;:ram stepping switches to advance. ';,'he advance signal is a band gate, 

selected on the basis of the receiver bands in use at a particular time, and 

generated by the first receiver band of the group in use. The gate-actuated 

relay r:Z makes it possible for the advance signal to activate the stepping 

switch~9 in the DTCU. The stepping switches will proceed through the 20 

scans of the dynamic tcst program. 
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4. 13 MODULATORS FOR BANDS 1 AND 2 

The modulator unit (Figure 4-10) supplies modulation pulses of preprogram­

med widths and repetition rates to the BWO. It also supplies programmer 

d-c voltages for varying the frequency and power output of the BWO. Pro­

grammed control voltages for the signal source attenuator setting are also 

contamed in the modulator emit. 

Different RF's (listed in Tables 4-2 and 4-3) a:r:e used for the various re­

quired modulation characteristics. Thef'e are; (a) 34 and 24 kc from Wien 

bridge oscillators, (b) 400 cps from the 400-cps power supply in the check­

out equipment, (c) 258 cps and 129 cps through dividers from 516-cps tuning 

fork oscillator, and (d) 120 cps, a multiple of the 60-cps power line. A 

monostab1e multivibrator synchronized to the above signals will drive either 

of two pulse generators to produce anyone of four PW's, namely. I, 10.5, 

21. or 28 fJ-sec or the actual rr:.odulation signal. 

Frovisions are made in the DTCU for automatically selecting the correct 

timing of the frequency and power sequencing circuits. The band mode se-

1ect signals, '''''hich are based on the specific group of frequency bands (two, 

t!1ree, etc.), energize one of four relays in the modulator unit. The contacts 

select the proper time constant of two time delay circuits. The time delay 

cir cuits sequentially ener gize a series of relays which ::hange frequency and 

power ou~put of the B WO during the ON time of the band gate sent from the 

DTCU. The anode and grid voltages of the B WO are programm.:!d in three 

steps during the scan time of the particular band. The modulator units also 

program power output of the signal source units, with stepping switches in 

the modulator units. The modulators also include provisions for frequency 

and output power measurements. 

The ac curacies of the front-of -panel acces sible frequency and power meas­

uri.:1g facilities are ±O. 1 percent and ±O. 5 db respectively. 

The measurern~nts are used in ti,e manual mode of operation for calibrating 

the ::li.gnal sources. The front panel switch allows calibration at one of five 

different frequencies which -:an be injected into the payloa~ .• The modulators 
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have the capability of injecting the er..d frequencies of the band or any of the 

three stepped frequencies into the payload in the manual mode of operation. 

In the dynamic mode, the modulators, by means of switches located on the 

rear panel, can inject into the payload only one frequency or the three step 

frefJuencies per scan. They can also eliminate modulation pulses after 

scan 14 of the dynamic test, 

To calibrate the signal source parameters the checkout equipment is put in 

the manual mode of operation. The BAND SELE CT switch in the nTCU is 

then set to the desired band, thereby activating that particular signal source 

unit. The FREQUENCY SELECT switch on the modulator front panel then 

selects one set of anode and grid voltages for the BWO for the particular 

frequency and power output desired. The fre'luency of the signal source is 

measure"d, using a calibrated wavemeter on the signal source unit tuned for 

a "dip" all. a front panel power meter of the modulator unit. The power out­

put of the BWO is also read on the same meter. The FREQUENCY ADJUST 

potentiometer provides a ±lO percent variation in frequency. Similarly. a 

±lO percent variation of BWO output power is possible through adjustment of 

the POWER potentiometer. After calibration of the three frequencies and 

power levels within the particular band, the modulator unit is ready for test 

operation. The STATIC-DYNAMIC switch (S4) on the master control unit IS 

then turned to the DYNAMIC posi.tion and the STAR T TEST button (S3) is 

pressed, cauf.) ing the stepping switch to move to its zer 0 scan position. The 

modulator advance signal from the DTCU advances the modulator pulse and 

sets the correct attenuation for desi::::-ed power -level outputs of both signal 

and inhibit channels. For programming the three frequencies within each 

band, the band-switching gate is applied to two time-delay circuits, which 

energize relays sequentially after specified time delays, depending upon the 

number of bands under test. The first test frequency signal is injected into 

the payload. At the end of the first time delay, the first relay is ener gized, 

and the frequency and power control voltages are programmed to inject the 

second test frequency signal. The second relay, energized by its time delay 

circuit, causes the third test frequency signal to be programmed and injected 

into the payload. This frequency sequencing takes place during everyone of 
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the 20 scan positions of the modulator 2 stepping switch. Tables 4-2, 4-3, 

and 4-4 give tr.e detailed modulation and other characteristics fo::"." each of the 

20 scans. Table 4-5 is a chart of intercepts provided for in t!ach frequency 

in the 20 scans. At the end of the dynamic test, all the power is removed 

from the modulator unit, and the stepping switch is sequenced back to its 

zero position. 

4.14 BAND 1 SIGNAL SOURCE UNIT 

Figur e 4-11 is a schematic diagram of the band 1 Signal source unit, includ­

ing the R -F oscillator, attenuator s, R -F power distribution circuits, corAtrol 

circuits, and modulation circuits. A Ra.ytheon type QK691 BWO (tunable 

from 2150 to 3150 Mc) is used as a grid-modulated signal source. Since the 

BWO is voltage tunable, the programmable anode supply voltage determines 

the frequency. A similarly programmable grid supply voltage controls the 

output power at e3.ch frequency. The direct-reading frequency meter, with 

an absolute accuracy of ±O. 1 percent and a built-in thermistor for use in con­

junction with an AIL power bridge, is included for frequency and output level 

adjns tments. The coa.xial s witch-attenuatar -pad combination, which is auto­

matically programmed, obtains the required output signal amplitudes. A 

hybrid, used as a power splitter, provides dual channel output for signal and 

inhibit antenna feeding. Another programmable attenuator varies the output 

amplitude of the signal channel relative to the inhibit channel. A pad in the 

output of t'ach channel aSSUres a 50-ohm source impedance. A pulse ampli­

fier is included for modulation of the BWO, A transistorized time delay and 

a BWO protection circuit are also incorporated. 

The signal source ul'1it for band 1 is capable of providing the following overall 

accuracies over its measuring band: 

a. Frequenr.y: ±0.2 percent 

b. PRF: ±O.5 percent 

c. P~V: ± 1. 0 per cent 

d. R-F signal amplitude varii'.tion: 60 db 

e. Output level for either one of the dual channels: variable from 
-20 db to -SO db ±2 db 
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Table 4-5 

CHAR T OF INTEdCEPTS 

Number of Intercepts 

Scan Frequency Frequency 2 Frequency 3 

1 1 
2 

1 
3 1 1 
4 0 0 1 
5 0 
6 0 0 2 
"i 2 2 0 
8 0 1 o~' 0 1 
9 1 

10 o or 1 
1 1 3 3 3 
12 3 3 3 
13 0 0 0 
14 1 
15 1 
16 1 
17 0 0 0 
18 

19 3 3 3 
20 3 3 3 
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4.15 BAND 2. SIGNAL SOURCE UNIT 

The band 2 signal source unit is shown in Figure 4-12. A Varian VA-161 

BWO is used as a grid-modulated signal source. A programmable anode 

supply varies frequency. Power output variations due to frequency sensiti­

vity of the BWO, as well as due to differences between BWO tubes, are com­

pensated for through a programmable grid supply. To prevent frequency 

pulling of the BWO, a ferrite isolator with a minimum isolation of 25 db over 

its band and a maximum insertion loss of 1 db is used at the O\:tput of the BWO. 

Two 2.5-db programmed step attenuators obtain the required signal output am­

plitudes. Dual channel output is provided by using a waveguide hybrid as a 

power splitter. Another ferrite attenuator varies the output of the inhibit 

channel relative to the signal channel. Output pads are u:;ed to assure a 

matched source impedance. A transistorized BWO p::-otection circuit and a 

pulse amplifier for modulation are incorporated. 

The signal source unit for band 2 is capable of providing the following over­

all accuracy over the measuring band: 

a. Frequency: ±0.2 percent 

b. PRF: ±0.5 per cent 

c. PW: ±l. 0 percent 

d. R-F signal amplitude variation: 50 db 

e. Output level for ei\.her one of the dual channels: variable from 
-20 db to -80 db ±2 db 

A direct-reading frequency meter and a built-in tll~rmistor used in conjunc­

tion with an external power bridge provide frequency and power measurements 

during adjustments. 

4. 16 SIGNAL SOURCE AND MODULATOR FOR BANDS 3b AND 3c 

A proposed block diagram of the R -F portion of the signal sour ce for bands 

3b and 3c is shown in Figure 4-13. Three spot frequencies are provided in 

each band. Frequency selection, output level adjustment as well as signal­

to-inhibit relative power level adjustments are m2.de through coaxial switches 

and suitable fixed and variable attenllators. 
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ConRideration is being given to possible modification of the band 2 modulator 

for use in bands 3b and 3c, if it is feasible. Should this appear inadvisable, 

neW modulators for bands 3b and 3c will be designed. 

The initial F-2 checkout equipment is being designed for F-2 (flts I, Z) pay­

loads. Retrofit units will adapt it for the later F-2 (flts 3, 4) payloads. 

4.17 ANTENNA ADAPTERS 

4.17.1 General Description 

The antenna adapters are devices used to inject R-F test signals into the 

payload ante:mas. The 2.ntcnna adapters are fed from the signal source out­

puts by sta."1dard transmission line components and have output t~rminals 

suitable for direct coupling to the antenna under test. 

To effkiently couple energy into a circularly polarized antenna, a circularly 

polarized adapter is required. Ir. addition, such an ?dapter must be optimized 

over the frequency band with respect to ellipticity and transmission line dis­

continuities. The composite effect of these app'!ars as an additional insertion 

los s of the adapt:! r -antenna combination. As suming a per feet adapter, the 

overall insertion loss versus frequency characteristic is then dependent upon 

the characteristics of the antenna. 

4. 17.2 Band 1 A11tenna Adapter 

The band 1 antenna adapter (Fig~re 4-14) is a coaxial device used to inject 

calibration signals from the checkout equipment signal source into the payload 

antenna. It consist'" of three coaxial hybrids and provides four outputs of 

equal amplitudes and with relative phas es of 0 0
, 90", 180 0

, and 270". This 

combination will produce a circularly polarized wave when fed into the four 

terminals repr esented by the coaxial sleeves of the turnstile antenna. Con­

nection is made by a special adapter which plugs into the sleeve dipole as an 

extension of the coaxial line with the sleeve. Inter connecting lines are co-

;. . 

i 
! 
~ 

r 

+-

, . 
axial cables. i 
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Typical performance c"-ves for several models of turnstile antennas exhibit 

periodic variation of overall insertion loss between 2 to 5 db. These varia. 

tions are the cyclical eHects of rot3.ting polarization ellipses and disconti­

nuities. It is felt that adapters should be mated to each antenna due to 

variations betv:een antennas. SWR measured at the adapter input, when 

coupled tn the antenna, will be less than 2:1. 

4. 17. 3 Band 2 Antenna Adapter 

The band Z adaptl=r (Figure 4-15 and 4-16) ia a waveguide structure which 

couples caLbration 1'1 ignals from the !lignal lIource into the payload antenna 

by direct contact with the antenna. The circular polarization ill generated by 

a wavegUide dielectric phase IIhifter and an inclined waveguide to generate 

the orthogonal componenh of the field. 

Representative curves for this unit exhibit inllertion loss variations of from 

0.5 to 2.5 db. Each adapter and antenna combination will be matched. Inter­

nal reflective lO'lsell and polarization elliplle orientation account for the 2.5-

db peak insertion 10118 for this device in combination with a typical antenna. 

SWR data at the input to the adapter. when coupled to th.e antenna, will be 

under 2:1. 

4.18 F-Z TEST BOX AND DUMMY LOAD UNIT 

4. J 8. 1 General Delllcription 

The purpose of this unit i8 to ver ify the proper functioning capabilities of 

[ 

•• 

the F-2 checkout equipment. It accomplishes this in conjunction with varioua ~ • 

lItandard commercial equipment8 by injecting calibrated inputs, indicating 

the preHnce of required outputs and generally .imulating payload sig:r..als 

under checkout condition •. The .imulated Sub.ystem C power supplies pro­

vided by the <.:heckout equipment are checked [or compliance with the payload 

power supply 'pecification. under peak loads normally impoaed by the pay­

load. The teat box and dummy load unit ia shown in Figure 4-17. A draw­

ing of the panel ia IIIho\NTl in Figure 4-1B. 
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Interconnection between the checkout equipment and the test box and dummy 

load unit (TBDLU) is made through the same cables and connectors used to 

mate the checkout equipment with the payload. The TBDLU incorporates the 

meant" for checking, testing, and verifying every input and output of the 

checkout equipment by simulation of payload circuit characteristics and/or 

functions. The condition of each command in the simulated Subsystem H 

portion of the checkout equipment is indicated by lights on the TBDLU front 

panel. Similar indicators are used for checking the presence and polarity of 

the attitude signal. 

The monitor por tion of the checkout equipment is tested with 48 different 

voltages derived from a precision divider located in the TBDLU. This in­

cludes both critical and non-critical no-go voltages introduced into the check­

out equipment in the manner of voltages from payload monitor points. 

Band gate voltages are provided by a repeat cycle timer located in the TBDLU 

controlled by logic in the checkout system. The presence of each band gate 

voltage is indicated by lights on the TBDLU front panel. 

The gain and preamplifier selection circuits in the checkout equipment are 

checked by electronically closing the loop with circuits in the TBDLU. The 

four simulated telemeter code voltages are set up by means of potentiometers 

with emittL'r -follower outputs. The preamplifier select and gain select [unc­

tions in the checkout equipment are verified by simulation, in the TBDLU, of 

the corr esponding payload telemeter code. voltages. The TBDLU converts the 

error signal output from the gain and preamplifier comparators in the check­

out equipment to step a binary counter in the TBDL U until the combination of 

code voltages selected is the same as the reference inputs to the comparators. 

Front panel indication of the chosen preamplifier and gain setting is provided 

on the TBDLU. 

The t2.pe simulator portion of the TBDL U contains a test word generator with 

the follo\ving capability: 

a. PRF: 1. 20 kc 

2. 12 kc 

3. 4 kc 

4-6.5 

LOCKHEED AIRCRAFT CORPORATlON ?T MISSilES and SPACE DIVISION 

Approved for Release: 2017/08/17 C051 00033 



Approved for Release: 2017/08/17 C051 00033 

b. Word c O::1tent selector: 

c. Number of bits selector: 

d. Amplitude adjust 
potentiometer: 

e. Rise -time switch: 

SCCRET 

1. All l's 

2. All D's 

3. Alternate 

4. Altel'nate 

5. Two O's, 

6. Tv.'o l' s, 

l. 50 bits 

2. 60 bits 

LMSD-447423 ' 
Volmr.e I 

0 '9 and l's 

l's and O's 

eight l's repetitive 

eight O's repetitive 

3. Continuous (free running) 

4. External (capstan) controlled 

Continously variable from 20 v to 0 v. 

1. 2 f-lsec 

2. 4 \-lsec 

A block diagram of the tape simulator is shown in Figure 4-19 and the simu­

lator waveforms are shown in Figure 4-20. 

4.18.2 Test Word Generator 

The test word generator uses a gated multivibrator to provide a burst of 50 

astable pulses, One output is fed into the l's generator, producing a burst 

of negative going pulses. These pulses are gated by the blanking signal of 

the scale-of-ten counter to give a proper pattern of l's. The other output of 

the multivibrator is fed into the O's generator and pl:'oduces a burst of positive 

going pulses. These are gated by the blanking signal of the scale-oi-ten 

counter to give a desired pattern of O'S. The blanking is arranged so that 

when ali s produced, a 0 is inhibited, and vice ver sa. The I' 5 and 0 IS sig­

nals are combined in the inverting combining gate to produce a burst oi cor­

rect polarity lis and O'S, An emitter follower generates a low impedance 

signal. When the'scale-of-ten counter resets five times, the scale-oi-five 

counter gives a signal which shuts off the oscillator at 50 counts. A reset 

pulse is used to restart the oscillator and repeat the sequence. By proper 
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Figure 4-19 Block Diagram of Tape Simulator 
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selection of the different outputs of the scale-oi-ten counter, six different 

patterns of l's and D's can be produced. A switch on the front panel of the 

TBDLU provides for this selection. 

ProvisIOn for frequency variation is made by r-c adjustment in the oscillator 

and the l's and D's generator. Similarly. flexibility is provided for signal 

amplitude variation, free-ru'l1ning multivibrator operation and word length 

increase to 60 bits through a change of the scale-of-five counter to a scale­

of-six counter. 

4.19 CHECKOUT DATA HANDLER 

The general requirements br the data handler unit are as follows: 

a. The unit shall process digital information in an open loop fashion. 
printing CQrrect as well Cl.S incorrect information. 

b. The 3-1evel return-to-zero binary code of the payload shall be con­
verted to decimal form and recorded on a digital printer. 

c. The digital word shall be broken up into subwords; the information 

d. 

obtained from these shall be: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Par ity check 

Nurr.bered bits in word 

Time of intercept (seconds) 

Pulse repetition period 2 (PRF-2) (milliseconds) 

Pulsewidth (microseconds) 

Pulse repetition period 1 (PRF-l) (milliseconds) 

Band number 

Channel number 

For PRF -I and PRF -2, each count shall be converted to 0.025 milli­
second for two-band operation and to 0.05 millisecond for three-band 
operation. 

e. For PW, each count shall be converted to O. 5 ~sec. 

f. The channel number shall be converted from a l's complement -gray 
coje to binary code, and then to the final decimal code. 

g. :. symbol shall be assigned and printed to indicate the subword 
processed. 
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h. A self-test capability shall be included. This shall make use of a 
test word generator, providing test words of alternate lIs and O's, 
all l' s I or all 0' s . 

i. A signal from the master control unit shall automatically stop the 
self-test function and permit the payload tape words to be entered. 

j. A second signal from the master control unit shall start the word 
processing. Automatic termination of the processing shall occur on 
a signal fr om a timer. which is reset at the beginning of the tape 
processing. 

k. The payload tape shall automatically be started and stopped for the 
processing of each word for thirty minutes, after which time the 
tape shall go to the end. 

1. Capability for changing the number of subwords being processed 
without equipment modification shall be included in the design. 

m. Capability of changing the scale factors for the processed data shall 
be included in the design of the equipment. 

n. Capability for expansion to a 60-bit word without modification to the 
equipment s hall be included in the des ign. 

The data handler unit contains about 250 plug-in cards, which are standard 

AIL digital building blocks. Most of these cards consist of four standard 

circuits; a few of the cards consist of nonstandard circuits for input and out­

put connections. The standard cards are arranged in what might again be 

called standard circuits, such as binary counters, decimal counters, inhibit 

gates, pulse generators, and a shift register. The arrangement of these 

circuits into an overall logic diagram results in a system that meets the de­

sign requirements of the data handling functions. Figure 4-21 is a block 

diagram of this system, shOWing the arrangements of the various circuits. 

The AIL digital-handling blocks have four functional classifications: the flip­

flop unit. the logic unit, the driver unit, and the pulseI' unit. The flip-flop 

unit is used for static storage, counting, shift register, etc. It has four in­

dependent pulse (clock) inputs and four d-c (logic) inputs. It acts in a logical 

sense as a bistable device; it has two possible states. It always remains in 

a given state until "flipped" into the opposite state by a suitable signal. This 

plo.cing of a flip-flop in a given state is called "setting the circuit. II One state 

is called the 0 state, the other is the 1 state. 
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The logic unit ia a trlll.naistor amplHielo. The input signal is inverted at the 

collector o'J.tput. Depending on the input d-c signal levE!l. the logic circuit 

i. WIled lU either Jan ANO gate or an OR gate. 

The driver unit i. a two-stage power ampliIiI3r' designed to furnish a large 

currl"nt. 

The puller umt produce .. an output puliJe for a positive -going input signal. 

Thl! duratIOn of the output pul.e is deterrnined by an r-c time-constant 

net .. vor k. 

4.19.1 DHcripticn of Circuits 

The data handler .. ho\l.7l in Figure 4-21 i. divided into sixteen sub-block., 

ei>cn containing group] of digital building blocks. Thelile sub-blocks are de­

scribed in succ:ession. It is convenient to refer to these blocks by number; 

each n'-lmber correllponds to that which appears on the block diagram and to 

the gequence in which they are described here. For example, 6 refers to 

th~ tlmlng circuit flub-block and is the :sixth circuit to he described. 

1. Control Circuit· ·This circuit hal the following functions: 

11. It reseta the following circuits at the beginning of each word. 

1. Par ity check 

2. Subword ring counter 

3. Timing 

4. Test word generator 

5. Readout signal generator 

6. Complements counter oscillator 

This reset circuit cona isu of a ono -shot multivibrator driving a 
low-impedance transigtor power amplifier. It i. actuated by aig­
nal 1 from the master control unit, or by the RESET IIwitch, or 
by a feedback aigna1 from the subword ring counter. 

b. it resets the followinJ drcuitlJ at the beginning of each word and 
subword. 

1. Output ring counter 

Z. Ratio counter 

3. Subword ahHt and binary comp1ementl1 counter 
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This reset circuit is a low-impedance transistor power ampli­
fier. It is driven by pulses from the INITIAL RESET circuit 
and the eubword ehift and the complements binary counter. 

c. It contains the TEST WORD SELECTOR control that illl a direct 
manual selector of the desired tc~st word from the test word 
generator. 

d. It c ontainl!l the PRINT CY CLE SELE CTOR ct::>ntrol that deter­
mines whether the printer functions singly or repetitively during 
the teet phase with the test word generator. It also controls the 
subword ring counter for a single 8ubword printing. 

e. It contains the PAYLOAD TAPE CONTROL circuit that illl reset 
at the end 01 each word. 

f. 

g. 

h. 

i. 

The PAYLOAD TAPE CONTROL circuit consists of a single 
ewitching traneletur stage activated by a signal from the INITIAL 
RESE T. After the last subword has been processed, a signal 
from the subword ring counter via this switching IIItage turns the 
tape ON, and the processing cycle begins. On a signal from the 
miister control unit. relays contained in the control circuit r~­
move the te 8 t -war d generator output from the input to the data 
handler and !!witch in the tape output. Another relay (actuated 
from the master control unit by a signal corresponding to the 
FRONT OF TAPE signal) starts the process ing of the word in 
the shift re gister. The RESET switch generates an INITIAL 
RESET pulee to initiate the self-test. 

It contains the relays for disconnecting manual operation circuits 
and placing the ~quipment in automatic operatior •• 

It contains the Rl::SET control. 
\ 

It contain!'> a tim~ that i1!l reset at the beginning of the tape 
readout, and that etermines how long the I!Itop-start readout 
of the tape shall 'c tinue. 

It contains the r ela 
data handle I' to the 

s for I!Iwitching the printer control from the 
on itor unit. 

Input and\Paritv Check uits - -The input circuit converts the 3-
put s !gnal to a 2 -level binary signal 
aining Dis and lis on separate lines, 
1 IS and OIS to form the read-in shift 

eve ret ur n - to - Z e r 0 

with two separate outputs 
and a third output of combi 
puIs el!l. \ 

The Farity check circuit is a lip-flop that is set to a particular state 
before the word enterl!l the in ut circuit. As the word enters, it is 
flipped by the 1'8 in the word. Parity is correct i! the flip-flop ends 
up in its initial II tate. 
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The input circuit is composed of a special digital board, standard 
logic boards. a driver amplifier, and a flip-flop acting as a buffer 
between the input circuit and the shift register. 

3. Read-In Shift Drivers--The read-in shift drivers provide a high­
current pUlse der iv~d from the incoming word information. This 
pulse shiits the incoming word information along in the shift 
register. 

4. Output Ring Counter - -The output ring counter performs the following 
functions. 

a. It counts the number of bits in a word entering the shift 
register. 

b. It performs the binary-to-decimal conversion in conjunction 
with the subword shift and complements binary counter. 

c. It drives the digital recorder. 

d. It provides the signal to turn on the timing circuit. 

The output ring counter consists of four ring-ot .. ten counters capable 
of counting up to 10.000. The bits of a wOl'd are counted directly 
from the input information, and the result is applied directly to the 
printer. The binary-to -decimal conversion is accomplished by 
counting (either directly or thr ough a scale factor) the number of 
pulses requir ed to set to zero the complements binary counter. Ten 
milliseconds after this counter reaches zero, a command is issued 
to print. cnd the output of the readout ring counter is printed by a 
digital recorder. 

5. Shift Regi~ter--The purpose of the shift register is temporary stor­
age of iniormation. The means for sto.'age of the binary informa­
tion is the state of the flip-flop circuit. Digital data in serial form 
are fed to this unit. A control signal (shift pulse) advances the input 
information through the circuit. The shift register used in this sys­
tem is wired for 60 plug-in flip-flop circuits. The circuit is ar­
ranged so that the shift pulse advances the incoming information 
fr om one flip -flop to the next in one direction. and shifts the word 
bits out of the register for decoding in the opposite direction. These 
decoding shift pulses are supplied from an internal clock pulse 
through the readout drivers. 

Thirteen of the flip-flops of the shift register form the readout sec­
tion. These nre also used to initially store the time subword that is 
processed first in the subword shift and complements binary counter 
and in the remainder of the data handler. All successive subwords 
are shifted into the readout section and handled in the same manner 
as the time s ubwor d. 
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6. Timing Circuit- -The function of the timing circuit is to control the 
sequencing of the subwords pror.:essed in the subword ring counter. 
The timer consists of a SChmitt trigger driving a 15-~sec pulser, 
which in turn feeds the subword ring counter through a driver amp­
lifier. For each count, a subword is processed. The timer period 
of 0.8 second is long enough to permit anyone of the subwords t"" 
be processed and printed. The timer is reset at the end of each 
word and there is a 5-second delay between the time it is reset and 
the first output pulse. 

7. 

8. 

Subword Rin~ Counter - -The subword ring counter programs the 
processing 0 each subword. This programming consists of preset­
ting the subword shift counter so that the 16-count output will occur 
when the proper number of bits has been shifted into the readout 
section of the shift register. In addition. the subword ring counter 
programs the ratio ring counter to give the appropriate scale factor 
changes in the binary-to-declmal conversion process. 

The subword ring counter consists of a ring counter in which all the 
flip-flops are initially O-set. The first timing pulse sets the flip­
flop 1 to a 1 state. The second timing pulse 0 -sets flip-flop: and 
1-sets flip-flop 2. A similar process occurs with timing pulses for 
the other flip-flops in the subword ring counter. A 15-~sec delay 
has been introduced between the O-setih1g of flip-flop 2 and the 1-
setting of flip-flop 3 and all following flip-flops in the ring counter. 
The purpose of the delay is to ensure that the outputs of the dubwor d 
ring counter will have a definite change of state after each timing 
pulse. 

Digital Recorder - - Upon command, the Hewlett-Packard digital re­
corder prints the decimal number stored in the output ring counter. 
The print command cons ists of a relay contact closure that occurs 
10 mill:'seconds after the binary-to-decimal conversion has been 
completed. 

9. Subword Shift and Com lements Bin;:;.!' Counter --The subword shift 
an comp ements bmary counter perforlns three functions. 

a. It counts the number of readout shift pulses to shift the sub­
words into the readout section of the shift register and gives a 
l6-count output to turn off the readout ::ignal generator. 

b. It counts the complement of the binary subword in the readout 
section of the shift register up to 0 for the binary-to-decimal 
conversion. 

c. It gives a print command 10 milliseconds after the binary-to-
decimal conversion has been performed. 

Th:.! subword s!nH counter cor.sists of an AND gate that is turned on 
by the counter set Clrcuit and turned off by the 0 -set pulse in the con­
trol circuit. This AND gate gives a l6-count output signal when 16 
pulses have entered the subword shift counter from the readout 
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drivers. To shift the proper number of bits of the subword into the 
sl1ift register readout section. the subword shift counter is preset 
to a number so that when the number of pulse s equal to the number 
of bits in the subword has entered the counter, there will be a 
16-cbunt output. For example. to shift a 6-bit word into the read­
out section, the subword shift counter is preset to la, so that the 
additional six shift pulses will produce the 16-count output. 

The bina ry-to-decimal conversion is performed by 0- setting the 
subword shift a.nd complements counter and then inserting the 
complement of the subword stored in the shift register readout 
section. Pulses from the ratio ring counter increase the comple­
ments counter to all a I s. This counter now generates a 10-
millisecond pulse, the trailing edge of which gives the PRINT 
commar..d. The number of pulses required to increase the comple­
ments counter to all OIS is one more than the decimal value of the 
binary number stored in the shift register readout section. These 
pulses are cO'.lllted in the output ring cCJunter. To prevent the 
decimal number from always being greater by I, an extra pulse 
from the complem ents count oscillator not counted on the output 
ring counter is put into the complements counter at the beginning 
of each binary tu decimal conversion. 

The PRINT command is achieved by a relay contact closure, the 
relay be~ng activated by a driver amplifier operating on a signal 
from a PRINT COMMAND driver. The latter is a-set after each 
subword is processed. The lO-millisecond delay alter the comple­
ments binary counter hilS gone to a is obtained by using a pulseI' to 
drive the print command flip-flops. 

Complements COUilt Oscillator--The complements count oscillator 
provide~ the pulses used to set the complements binary counter to 0 
in the binary-to-decimal conversion. It uses the trailing edge of 
the shift register readout reset pulse to trigger the 15- fAsec 
EXTRA pu:se. The trailing edge of the EXTRA pulse turns on the 
oscillator after a 150- /-Lsec delay. 

The complements count oscillator consists of two pulseI' boards 
connected as a 25-kc oscillator. a switching circuit consisting of a 
flip-flop and logic boards. and a driver output stage. 

11. Ratio Ring Counter--The ratio ring counter provides for various 
scale {actors between 1 and 5 in the binary-to-decimal conversion. 
This is accomplished by dividing the input pulses by any factor from 
1 to 5 for either or both of its outputs. depending on its program­
ming from the subword ring counter. 

One of the outputs goes to the complements binary counter, the 
other to the output ring COU:1ter. 

The ratio ring counter consists of two scale-of-5 ring counters and 
associated logic circuits. The input pulses come from the comple­
me nts count 0 Bcillator. 
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12. Counter SetCircuit--The counter set circuit is used to preset the 
subword shift and complements binary counter for shifting the sub­
word into the readout section of the shift register. The counter 
set circuit is programmed by the output of the subword ring coun­
ter. Each time a different subword is to be processed, One of the 
flip-flops in the subword ring counter goes to O. Fifteen Llsec 
later the next flip-flop goes to 1. The 15- ",sec period during 
which all the flip-flops of the subword ring counter ar~ in the 0 
state permits a definite change of state to be noted by the input logic 
circuits of the counter set circuit. At the end of the 15- j.1sec 
period, the desired number is present in the subword "hi£t counter, 
and an output pulse turns on the readout signal generator. 

The C'Junter set circuit consists of four logic OR gates, four 
pulsers on the output, and an OR gate to form the output pulse. 

13. Readout Signal Generator--The readout signal generator provides 
the pulses that shift the subword into the readout section of the shift 
register. It is gated on by the output pulse from the counter set 
circuit and gated off in the 16-count output of the subword shift 
counter. The readout signal generator consists of two pulsers 
connected as a 20-kc oscillator and a switching circuit composed 
of a flip-flop and logic board. 

14. Readout Drivers--The six readout driver amplifiers provide a 
high-current clock pulse used to shift the subwords into the readout 
section of the shift register. Input to the drivers comes from the 
readout signal generator. The outputs of the readout drivers go to 
the shift register clock inputs and the subword shift counter. 

15. Frequency 1 's Complement Gray-to-Binary Converter--The gray­
to-blnary converter transforms the complementary gray-coded 
channel information into binary form as the channel information 
is shifted into the readout section of the shift register. The con­
verter is normally inhibited by a IO-volt signal from the subword 
ring counter until this channel information is ready to be shifted 
into the readout section. The gray-to-binary converter consists 
of logic circuits that compare the most significant bits with succes­
sive bits to perform the gray-to-binary conversion. 

16. Test-Word GCt'lerator--The test-word generator is capable of pro­
ducing three types of words--alternate l's and O's, all O's, or all 
1 'so These words simulate the 3-level return-to-zero input from 
the tape for testing of the data handler. 

4.19.2 Sequence of Operations 

4.19.2.1 Process of TypiC:: Word. Figure 4-22 shows the timing diagram 

for processing a typical word. In the following description, a number in 
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brackets [1J. refers to lines on the timing diagram and a number in a circle 

CD refers to the data handler circuits in Figure 4-21. Data processing is de­

s cd bed in the following steps. 

1. At the end of th previous word process, all circuits have been 
initially reset [4J. 

2. A 3-1evel ±6 volt return-to-zero 9-kc word [6J enters the data 
handler via t control circuits ; then it goes to the input and 
pa ritjl check 

3. In the input and parity check, the word is: 

4. 

5. 

6. 

7. 

a. Converted to a 2-level binary signal with l's and OIS separated 
out of the word 

b. The l's and 0' s a re combined in a single line to form read-in 
unidirectional clock pulses [al 

c. The number of I's in the word i 6 counted by the parity check. 

The read~ clock pul se s [8J shift th~I' sand 0' s along the shift 
~egister I.2J via the read-in drivers \.2). e read··in clock pulses 
L8] are counted in the output ring counter Gtll. 
After 40 s have entered the shift regi ste r 0. the output ring 
counter gives a Tape Stop Count signal @.!J (-10 to 0 volts, 
80-/Asec lse), the leading edge of which gives the tape a command 
to stop As the tape coasts to a stop, the remaining bits enter 
the shift register. 

Five seconds after the initial reset pulse, the timing circuit @ 
gives its first pulse [9.1. The timing pulses are 15- f-1sec wide and 
o to -10 volts in amplitude. There is an O. 8-Eecond interval be­
tween successive timing pulses. 

The fi rs 
counter 

mil}$ pulse 1 sets flip-flop 1 of the subword ring 
UQJ· 

8. Ten milliseconds after flip-flop 1 has been I-set, a print command 
is issued 16, and the number of bits shifted into the shift register 
5 as recorded on the output ring unter 0 [?Q1 is printed by the 

Hewlett-Packard digital recorder . 

9. Th second timing pulse @O-sets flip-flop 1 and 2-sets flip-flop 
2 

10. As flip-flop 2 is a I-set, it triggers the reset pulse [5J and pro-
grams the ratio ring counter Qj) for a 1: 1 count output. 

11. The trailing edge of the reset pulse [5J triggers the complements 
read-in pulse U?). which reads the complement of_the time informa~ 
hon (located in the shift register readout sectio ) into the 
subword shift and complements binary counter 
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The trailing edge of the complements reau-in pulse IT il, after a 
30- f!sec delay, triggers the shift regis~r readout reset pulse 
ITS], which O-sets the readout section \?). 

The trailing ed.;s~f the readout reset pulse us] triggers the 
extra put se U'!l lj). 

The trailing edge of the extra pulse [}{l. aiteH 1)Q,- ~8ec delay, 
turns on the complements counter osciilator Q.9J U~. Th~ut­
put of this oscillator that is fed into the ~io rmg counter \1) 
has programmed the ratio ring counter QjJ to give a 1: 1 count on 
its outputs--that is, o~ cQunt in the subword shift and comple­
ments bi~r;( counter I.j) O{] for one count in the output ring 
counter ~ l.?~. 

The trailing edge of th~ast pulse required to count the comple­
ments binary cou~er 9 to a 011 turns off the complements 
count oscillator Q.9) [? . and after a la-millisecond delay it 
gives a print command l~. 

The print command [1~ <:auses t~p,ri~ter ® to print the number 
stored in the output ring counter \V LlQJ. 

The third timing pulse O-sets flip·-iloR 2 (l) [zq]. }:;~/teen rc- sec 
after flip-flop 2 is O-set , flip-flop 3 (1) is l-set ®. 
When flip-flop 3 G) is I-set @. the ratio ring counter @ is 
programmed to give a 2:5 count on ~ output--that is, two counts 
in the complements ~nary' counter i..1J Ull 101" live counts in the 
output ring counter ~ @ciJ. At the same time the subword shift 
counter is preset @ to 7. 

The counter set cirCuit @ also gives a IS- ~sec pulse U~. the 
tBi ling edge of which turns on the readout signal generator 
UJ [l~l 
The readout signal generator @ shifts the nine bi~ of PRF-2 
information into ~he shift register readout section \2J via_the 
readout drivers L~1J. The output of the~eadout drivers [11] is 
al so fed into the subword shift counter \1) Dil. When nine pulses 
have been fed in~the subword shift counter, the counter gives a 
l6-<:ount output (V [IS]. 

The leading edge ~the 16-count output (9) US] tUrns off the readout 
signal nerator QJ), and the trailing edge triggers the reset 
pulse [5]. 
The trailing edge of the reset pulse [5J initiates the complements 
read-in pulse [17J which reads the complement 01 the binary word 
in the shift regi::tcr readout section ® into the complements 
binary counter (2). 
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After a 30-l4sec delay, the trailing edge of the reset pulse [5J 
triggers the shift ":'egister readout reset pulse o.~, which in turn 
O-sets the shift register readout ([). 

The trailing edge of the shift regi ster readout re set Dfurigg,er s 
the EXTRA pulse into the complements binary counter -(2) [14J . 

After a 1::)0- fsec delay, the trailing edge of the EXTRA pulse turns 
on the complements counter oscillator @ [l9], the output of which 
goP s to the ratio ring counter @ and then to the outP'.:lt ring coun­
ter (3) [2Q] and the complements binary counter CD [.141· 
When the complements binary counter ®rr~ has been counted to 
all O's, the complements count oscillator @ Q.~ i~ turned off, 
and after a lO-millisecond delay a print command LV O~ is issued. 
The count s regi stered in the output ring counter c:D are printed @. 
The data proces sing cycle is repetitive for the remaining parts of 
the word. The only variation is the number preset in the subword 
shiftAounter ® and the ratio programmed on the ratio ring coun­
ter \!...y (1: 2 for pUl se -width, 2: 5 for PRF- 2, l: 1. for all. other parts 
of the wo rd). . 

When the last subword (channel) has been processed and printed, 
the timing pulse ® [9J O-sets the last flip-flop in the subword ring 
counter Q) [ieD. 
When ~~s flip-flop CD QeD is O-set, it triggers the initial~eset 
pulse \2) [4]. The trailing <?l~e of the initial rese~ pul=~ 0 [4J 
trigger s the tape command (J) ~~, and the 'Nhole proce s s begins 
again on the next word read in from the tape. 

The data handler continues to process the words on the tape in 
,;top-start operation until a signal from a variable time delay pre­
,;et at the be ginning of the tape readout stops the data handling 
process. 

4.19.2.2 Self-Test Mode. In the self-test mode of operation, the word 

process is the same as that of a typical word except that the 68-count signal 

[?~ from the output ring counter (3) turns off the test-word generator @. 

Processing the Fir:.;t Word- - Figure 4- 23 is the timing diagram for the 

processing of the first word. The data handler is normally in the self-test 

mode of operation. To begin processing words from the tape, signal 1 

from the master control unit []Jto the control circuits CD turns off the test­

word generator @ and Connects the output of the tape to the input and 

parity check 0. Signal 1 from the master control unit [2J holds the data 
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handler in the initial reset condition [4], which permits the wordll from the 

tape to pass th:-ough the shift r~gister ® without being proceued. When 

the forward end of the tape is reached, the first word on the tape (the all 

zero word) remains in the shift register G); signal 2 from the mallter con­

trol unit [3] releases the initial reset and permits thb word to be proceilled. 

From this point on, the all zero word is processed in the lliame manner all 

the typical word. 

4. 20 JUNCTION BOX 

The junction box serves as an access facility to the various interconnecting 

cables between the checkout equipment and the payload equipment. All 

power and signal cables except for RF feeds are thus mnde accellible for 

measurement and monitoring when such is necessa.ry. A number of teat 

points are provided in addition to tie points thereby allowing accela to many 

sigrull terminals without rer.1oving the junction box. 

-
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