
































































































































































































































































































































































































































































































examined to ascertain whether it is equal to the contents of the G/ A-TD burst time 
cowiter. If the G/ A-TD compare circuit finds that the cowits are equal, it generates a 
G/ A-TD compare signal. Conversely, if the burst cowits are fowid to be wiequal, a no­
compare signal is generated. 

The G/ A-TD compare circuit comprises 16 2-way AND circuits, five 4-way 
OR circuits, and one inverter. Each AND circuit is fed a bit from the burst number 
supplied by the Central Computer and a bit from the G/ A-TD cowiter. During single 
channel operation, the two AND circuits associated with LB, LB bit are tied to -30v and 
are not compared. Although these two bits are numerically equal, they represent op­
posite states; that is, while one bit represents its complement, which is O. Under these 
conditions, an AND circuit produces a signal only when corresponding bits of the assigned 
burst number and the current cowit of the burst cowiter are wiequal. When they are 
equal, all 14 2-way AND circuits used in single channel produce a -30v output level. 
The AND circuits are connected to four OR circuits, which in turn are connected to a 
single OR circuit. Therefore, the -30v level emanating from the AND circuits is passed 
by the OR circuits and applied to the inverter. The output of the inverter is a +lOv level 
which is then sent to the output control element as a G/ A-TD compare level. 

Should the assigned burst number and the burst time cowit be wiequal, one 
or more of the AND circuits will produce a +lOv level which is passed by the OR circuits 
(Figure 3-77) and applied to the inverter. The output of the inverter is a -30v level which 
is then sent to the output control element as a G/ A-TD no-compare level. 

B. Conversion 

a. General 

Information leaving the G/ A-TD OSR 1 is sent to the conversion circuits 
prior to being fed through the switching circuits to the telephone transmission equipment. 
The conversion circuits convert the G/ A-TD data and sync information, which consists 
of standard 0.1-usec pulses, to a series of synchronized, gated, 1,300 cps sine waves. 
The information is modified in this manner to make it compatible with telephone company 
equipment requirements. 

b. Conversion Equipment 

All of the conversion circuits are contained in the G/ A-TD conversion equip­
ment. This equipment is comprised of two identical channels, each capable of transmitting 
G/ A-TD data, however only data channel 2 and phone line No. 1 is used. Each channel 
contains a data conversion channel, an identical sync conversion channel, and a timing 
channel. The. data and sync conversion channels perform the required conversion on 
their respective information inputs. The timing channel serves to match the timing signal, 
a 1,300 cps sine wave, to the telephone equipment, but does not modify its waveshape. 
The detailed operation data and sync channel 2 is presented in the following paragraphs. 

c. Data Conversion Channel 

Growid-to-air time division data is either a standard pulse occurring at 
OD 3-13 time to represent a 1 bit or the absence of this pulse at this time to represent 
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a 0 bit. This data is applied to the G/ A-TD output data channel 2 flip-flop. This flip­
flop is set by G/ A-TD data pulses and cleared by the following OD 2-13 timing pulses 
{Figure 3-78). 

GI A-TD OUTPUT ,-------1 DATA 
CHANNEL 

PULSE OD2-13 I GIA-TD DATA 
GENERATOR 

(3. 1.3) I (OUTPUT) 

I 
OUTPUT 

GI A- TD DAT A 1 I SHIFT 
REGISTER 

I (3.2.5) (OD3-13) 
I LOGICAL 

GATING 

L~T~ --
PULSE TIMING GENERATOR 
(3. 1.3) (1300 CPS) 

GA/TD TEST r---- --, AND DUPLEX 
SWITCHING 

I LOGICAL I (3.2.5) 

17 I GATING I 
COUNTER GI A- TD SYNC 1 (LGT) 

I (3.2.5) 
(OD3-13) I 

I I 
PULSE OD2-13 I I G/A TD SYNC 1 GENERATOR 
(3 .1.3) I I (OUTPUT) 

G/A-TD 
OUTPUT L ______ J 

SYNC 
CHANNEL TIMING 1 

OUTPUT 

Figure 3-78. G/ A-TD Conversion, Message 1 {3.2.5), Simplified Logic Diagram 

The G/ A-TD output data channel 2 flip-fiop supplies an input level to the 
2-way AND circuit component of a logical gating {LGT) circuit. The LGT is comprised 
of this AND circuit plus a cathode follower and an OR circuit. The other input to the 
2-way AND circuit is the 1,300 cps timing signal. The output of the AND circuit is either 
the timing signal or a -30v level, depending on whether the flip-flop is set or clear, re­
spectively. 

The flip-flop also supplies an input level to the OR driver cathode follower 
component of the LGT circuit. This cathode follower generates a clamped ground or 
a -30v output level, depending on whether the fiip-fiop is clear or set, respectively. 

The AND circuit and cathode follower outputs constitute the inputs to the 
OR circuit component of the LGT circuit. The output of this OR circuit is either the 
1,300 cps timing signal or a ground level, depending on whether the flip-flop is set 
or clear, respectively. This output is sent to the telephone equipment via the MA circuit. 
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When the flip-flop is set by receipt of a 1 bit (i.e., a standard pulse occurring 
at OD 3-13 time), thedataconversionchannelsends a 1,300 cps sine wave to the telephone 
equipment. This sine wave continues until the flip-flop is cleared by the following OD 
2-13 pulse. Since the OD 3-13 pulses recur at a 1,300 cps rate and the OD 2-13 pulse 
precedes the next OD 3-13 pulse by 2.5 usec, the interval between an OD 3-13 data 
pulse and the following OD 2-13 clear pulse will be 2.5 usec less than the peri<>cl of the 
1,300 cps timing signal. Therefore, for each 1 bit received by the flip-flop, slightly 
less than one cycle of the 1,300 cps timing signal will be sent to the telephone equip­
ment. When the flip-flop remains clear due to the absence of a 1 bit (i.e., the absence 
of a standard pulse), a ground level Will be sent to the telephone equipment. 

TYPICAL G/A·TD 
llCSSAGC 
liUllBER I 

TIYlllG 
(1!00 CPSI 

17•COUNTU 

TWO ZERO BITS 

--------- U4 BITS 

0 0 

EQUALS ..._...__ _ _.....__ _____ ...__ _ _.....__ __ ,_ __ ~---'----'---""-----'---' 

17 2 10 II 12 13 14 

Figure 3-79. G/ A-TD Conversion, Input and OUtput Signals 

d. Sync Conversion Channel 

The sync conversion channel shown in Figure 3-78 operates in a manner 
identical with the data conversion channel just described. For each sync pulse received, 
the sync conversion channel transmits slightly less than one cycle of the 1,300 cps 
timing signal to the telephone equipment. The sync pulse is applied to the conversion 
equipment at such a time that exactly two 0 bits occur on the data lines between the end 
of the output sync signal and the time that the first data bit is transmitted over the 
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data lines. (See Figure 3-79.) This timingwhichis necessary for decoding in the airborne 
receiver, is obtained by having an OD 3-13 sync pulse occur at 17-counter-15 time just 
prior to the readout portion each burst period. The sync pulse, therefore, precedes the 
data pulses, which are read out starting with the second 17-counter-equals-1 pulse, by 
two 17-counter shifts. In this ma1U1er, two Obits (the absence of two data pulses on the 
data lines at OD 3-13 time) occur between the receipt of the sync pulse and the start 
of the data pulses (OOSOO). 

The data, sync, and timing inputs and outputs of channel 2 of the G/ A-TD 
conversion equipment for a typical G/A-TD message are shown in Figure 3-79. The 
outputs of this channel are fed to the switching circuits and from there are sent out 
to the telephone equipment over phone line 1. No data is sent over phone line 2 in the 
single channel mode. 

DATA 
DMC OUTPUTS GLA-TD 

UNIT 
ACTIVE SINGLE CHAN SYNC }HONE LINE 

NO. l 
RET TIMING 

DATA 
DATA 2 

SYNC }HONE SYNC 2 LINE 
NO. 2 

TIMING 
TIMING 2 

DATA .---0 
DATA 

I 
SYNC I .---0 

SYNC 
I }"' BUSES 

TIMING I .----0 
TIMING 

I 

GLA-TD CHAN l 

Figure 3-80. G/ A-TD Test and Duplex Switching, Message 1 (3.2.5) 

9. Switching 

The G/ A-TD test and duplex switching circuits control the output of the Output 
System of each computer. The switching circuits contain relays which provide for the 
switching of each G/ A-TD message. However, the relay circuits for each message 
are identical. For this reason, Figure 3-80 shows a simplified diagram of the G/ A-TD 
te~ and duplex switching circuits for only one G/ A message. 
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The relays provided by the G/ A-TD test and duplex switching circuits are 
controlled so that only the output System of the active computer is presented to the 
telephone line terminal equipment. Relays are also provided to enable the output System 
on standby status to be switched to the LRI test busses through pattern generators. These 
relays are operated during test operations only. 

It is of particular importance to notice that information from OSR 1 is fed to 
the parity check 2 circuitry and G/ A-TD Output Data Channel 2. However, when in the 
single channel mode of operation, relay 33NJK5 switches the information from phone 
line 2 to phone line 1. No data is sent out over phone line 2, nor are timing or sync 
transmitted over phone line 2 during single channel operation. 

SUMMARY QUESTIONS 

1. The G/ A-TD, single channel, burst period is milliseconds. -----
2. The G/ A-TD, single channel, burst time counter is stepped at ----
3. Not-search for G/ A-TD, single channel, is from to and lasts for a 

total of milliseconds. 

4. How many auto parity BB will be transmitted per incompleted-message in 
G/ A-TD, single channel? 

5. The G/ A-TD single channel BTC consists of bits which are compared ----
With the ------

6. At what time do we check parity in respect to the 18 counter? 

7. The single channel sync control FF is set for ____ milliseconds,----
times in each burst period. 

8. What is the time between 18/15-9 to 18/15-10? 

9. What is the function of relay 33NJK5? (Logic 3.2.5 (SD)) 

10. Logic 3.2.5, 33EJG77 passes no pulses. Bow long are the effected G/ A-TD 
single channel burst periods? 

11. Logic 3.2.5, 33DS GT 2 is nonconductive. What would be the effect on an in­
complete message? 

12. Logic 3.2.5 33DPG8 is open. What alarms will be generated and what will be 
the general effect upon the message? 

13. 33GW GT 4 Logic 3.2.5 is nonconductive. With twelve words read into the array, 
how many messages will be readout? Why? 
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CHAPTER 4. TEST EQUIPMENT SECTION 

The output test equipment section is incorporated in the output control element of 
the Output System for the purpose of testing circuit functions and the logical operation 
of the Output System. The test equipment consists of switches, relays, and logical cir­
cuits. Also, certain of the neons and indicator lamps of the output alarm section operate 
with the output test equipment section. The various switches, neons, and lamps are located 
on the Output System test panel, which is mounted on the back of unit 42. (See Figure 4-1.) 

Two basic types of tests are provided by the test equipment: the unit loop test and 
the computer loop test. Each loop test involves the feedback of test information to its 
origin, where a comparison is made to ascertain whether the test information was cor­
re.ctly transmitted. The unit loop test is performed manually by means of switches, 
whereas, the computer loop test is programmed and is therefore performed automatically. 
The unit loop test checks the operation of the various individual sections of the Output 
System while the system is isolated from the remainder of the Combat Direction Central. 

Figure 4-1. Test Control Panel, Unit 42 



The computer loop test provides a means of checking the Output System in conjunction 
with a large portion of the Combat Direction Central. 

Unit Loop Test (Figure 4-2) 

1. General 

In the unit loop test, the Output System is isolated from the Drum System, 
and a test word is then inserted manually by means of switches. The test word is 
processed in the normal manner by the output control element. If the conditions for its 
acceptance have been fulfilled (parity OK, burst number compares, no illegal addresses, 
and search time up), the wordistransferredin the normal manner to the selected storage 
section in the output storage element. The word is then processed through this element. 
For the G/G, and G/ A-TD storage sections, the output data (right drum word) is looped 
back into the output control element flip-flop register where the word was originally 
entered. 
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If the transfer of the word was successful, the flip-flop register will be cleared. 
If the transfer was unsuccessful, one or more of the output flip-flop regi.ster neons 
will be illuminated. (See Figure 4-2.) 

Besides this visual representation, the test equipment section indicates ar· 
error in one of several other ways described in 2.m. 

For the TTY storage section, the output word is recorded on a TTY mouitor. 
This data is then visually compared with the test contents of tlie flip-flop register to 
determine whether an error has occurred. 

The unit loop test procedure may be divided into three basic circuit groupings: 
unit loop control, unit loop storage, and specific unit loop tests. The unit loop control 
circuits control the general flow of the test word through the output control element 
and output storage element and provide the processing operations for detecting an error. 
The unit loop storage circuits provide for the storage of the test word in the test equip­
ment section. The unit loop test circuits control the specific test operations in each 
of the storage sections of the output storage element during testing operations. 

2. Unit Loop Control, Error Detection 

The general process of error detection involves the manual setting in of a test 
word in the flip-flop registers and the processing of this word to determine whether any 
errors occur. The test word is processed through the output control element in the 
normal manner and transferred to the output storage section. It is processed by the 
particular output storage section as described in 4. From there, a G/G, or G/ A-TD 
word goes to the unit loop control circuits. A TTY word, on the other hand, is sent not 
to the unit loop control circuits but to a TTY monitor. 

a. Unit Loop Test Switching 

The operation of the Output System during testing is controlled by relays, 
which in turn are controlled by switches. These switches are located on the panel on 
the test door on the back of the output control unit. 

Any kind of a test on the Output System disables it, thereby preventing the 
associated computer from being used to solve the Air Defense Problem. Therefore, an 
interlock (controlled at the maintenance console) is necessary to prevent inadvertently 
starting a test during the processing of an air defense problem. This interlock is ac­
complished by switching the relay voltage supply for the test equipment section at 
the maintenance console. Thus, the OPERATE-TEST switch on the maintenance con­
sole sends a computer test signal to the unit-loop-on-test circuit of the unit loop control. 
(See Figure 4-3.) This signal controls the relay voltage supply for the output test 
equipment section and is sent via the computer loop control circuits since a computer 
loop test takes precedence over a unit loop test. Hence, control over whether a unit 
loop test can take place depends upon whether a computer loop test is in progress. 

A unit test pushbutton (S6, Figure 4-3) in the test equipment section causes 
a holding relay to close, which controls the output test relay voltage (the output-on-test 
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signal) to the test circuits. The end unit test pushbuttons (Sl) breaks the voltage to the 
holding relay at the end of the test operation. 

COMPUTER 

ENO UNIT 
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--------~ TO INDICATORS 
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Figure 4-3. Unit-Loop-On-Test Control Circuit (3.1.4), Simplified Logic Diagram 

b. Drum Isolation and Test, Bit Circuits 

To set in a test word, the flip-flop register of the output control element 
must be isolated from the Drum System. After this is done, the test word can be set 
into the flip-flop register. 

Eight relays, controlled by the -48v unit loop test relay voltage, are used 
to isolate the OB (output buffer) register from the Drum System. Five of these relays, 
as shown in Figure 4-4, isolate 20 of the 33 bit lines from the Drum System. The re­
maining 13 bit lines and the associated isolation relays are not shown because they 
have no corresponding bit switches. The reason for this is explained in the following 
paragraphs. 
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Figure 4-4. Drum Isolation and Test Bit Circuit (3.1.4), Simplified Logic Diagram 

The test word generator of the output test equipment section provides a 
standard test word pulse equivalent to a 1 bit to each of 20 gates. Each gate is con­
nected to a read-in test word switchcorrespondingto 20 of 33 bits which make up a word. 
The bit switches used in a unit loop test are the P bit, LS through L2, and Rs through 
R15. 

When a switch is closed, a +lOv level conditions the corresponding gate 
which passes the test-word pulse. This sets the corresponding flip-flop in the flip-flop 
register. It follows, of course, that read-in test switches which are not activated will 
have no effect on their respective flip-flops; thus the latter will remain cleared (0 
side up), 

When setting in a test woi:d for G/G, or G/ A-TD, the right drum word (bits 
RS through R15) may be set to any desired combination of l's and O's. For TTY, the 
restrictions explained in 4.d. must be considered. 

The burst number, bits LS through Ll 5, must be all 0' s since the stepping 
pulses to the burst counters in the output control element are inhibited. Since bits L8 

249 



through Ll5 must s.lways be O's, their correspondi."lg bit switches have been removed 
from the unit test door, The dm~ired register address in the array of the selected 
section, designated bits L3 through L7, does not require the use of bit switches during 
a unit loop test because the register address portion of the OB register is automatically 
stepped du:i:'ing loop testing, 

However, some provis1011 is made to step the register addresses manually. 
The desired section addret!.S, designated 'bits LS through L2, is set according to the 
section address code. c~.re HJJst be taken not to set in an unassigned section. The parity 
bit, P, must reflect ::. •m>.nl::2J t<:i.rity count of the i.9 other bits (l.3 through L7 are not 
parity-checks dlffhW: 2. t:na > , L?;st:. so as to produce odd parity for all 20 bits. 

c. Inhibit Resew.),.:; D~ Hight Sr;.;.m Word 

Under normH ':Jp:.:ration, the parity drivers of the output control element 
clear the flip-flop reg5.ste• 2.pproximately 7.9 usec after the word is entered. During 
test operations, howevf.;,~, t)y~ .:"ight drum word should remain in the flip-flop register 
until it is compleme:utec. by the co:mpletely processed, looped-back word for G/G, 
and G/ A-TD tests, or vi•:m.aUy compared with the TTY monitor for TTY tests. 

The clearing cf right drum word registers is prevented whenever the Output 
System is placed in u...'rit loop t<::i:it. 

As shown in Flgu..re 4··3, the =48v relay voltage level is passed by unit test 
relay Kl to the relay in. :.:lE' parity register and drivers (Figure 2-8) which controls the 
application of the cletr J.~1Jlse, The opening of this latter relay prevents the clear pulse 
from being passed to the dgnt drum word flip-flops. Since only the message portion of 
the drum word (right dJ·um word) and. the output parity bit arrive at the output of the 
output storage elei:.<cr>t only this {the right) portion of the drum word and the output 
parity bit are looped hack to the Hip-flop register for comparison purposes. 

Since the address portion of the left-half drum word (L3-L7} is automatically 
or manually stepped du;~~ng rc;ad-in, the clear pulse to these flip-flops is delayed until all 
legal register add•:esses contain the test word (Figure 2-9). 

d. Clearing Allirms a!:d Resetting Flip-Flops 

Before the t1::::n operation is begWl, all alarms and flip-flops in the Output 
System should be c!.ea:..ed. by depressing the CLEAR ALARMS and RESET FLIP- FLOPS 
switches (S5 and 34). This action g~·otmds the pulse generators in the pulse distributor 
circuits of the output computer section. Clear pulses now pass to the appropriate circuits. 
(See Figure 2-41 ·, 

e. Unit Leep Test Selection Circuit 

Selectio::: of thtf: various sections for unit loop testing is accomplished by 
means of three xelays~ d.epicted in Figure 4-5. As shown in the figure, these relays 
are controU.e!:' 1Jy select section s·witches LS, Ll, and L2, which are located on the unit 
test docrr, 
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Figure 4-5. Unit Loop Test Selection Circuit (3.1.4) 

When it is desired to select a particular section for unit loop test purposes 
(say, the G/G section, section 2), then select section switch Ll must be operated. In 
addition to inserting the section number (010) in the OB register, this switch, when 
operated to the closed position, allows -48v to be applied to K2, energizing it. 

It can also be seen from the figure (Figure 4-5) that the -48v relay voltage 
is also routed through the normally closed contacts (Kl-lNC, Kl-2NC) of de-energized 
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relay K-1 and routed through the normally open contacts (K2-2NO, K2-4NO) to the nor­
mally closed contacts (K3-5NC, K3-3NC). The -48v relay voltage is applied to relay con­
tacts (K3-3NC) to light an indicator lamp and energize all the G/G unit test relays. This 
-48v relay voltage is also routed through relay contacts (K3-5NC) to energize the 
test CSR switching relay. The visual indication provided by the indicator light serves 
to indicate which section is selected for un1t loop test and also serves as an additional 
check on the operations of the associated relays. 

During a unit loop test operation of the Output System, only one section Win 
be processing' test data information at one time; thus no interaction between relays is 
possible. The wlit loop test switching procedure employed by the other sections of the 
Output System is identical with that described for the G/G storage section; therefore, 
their operations need not be presented here. 

SJ 

~RTC>---.QI 
-::- CYCLE 

MASTER 
STOP 

SEE FDJRE 4 ·IO ----"S_TO'-P..-OH....._,;;E;;..;.RRO~R -------------' 

Figure 4-6. Test Start Control (3.1.4), Simplified Logic Diagram 

f. Test start Control (Figure 4-6) 

Before a unit loop test is started, the previous basic switch settings must 
be made. Then the specific switch settings described in 4.a. must be made, depending 
upon the storage section (G/G, G/ A-TD or TTY) selected. Also, the method of error 
detection is selected. If the STOP ON ERROR switch is engaged, the test should be 
started by depressing the START CYCLE pushbutton, S3. AB shown in Figure 4-6, 
this action grounds the pulse generator, which produces a pulse to clear the master 
stop flip-flop. This latter flip-flop produces an enable OD level, which then causes 
the various OD pulses to be distributed by the output control section. This action sets 
the circuits into operation. Also, the start pulse is sent to the 1,300 pps generator to 
clear its flip-flop at the start of the test. 

As described in 2.m., if the STOP ON ERROR switch is not engaged, the OR 
circuit following the master stop flip-flop usually FF clear has a +lOv level on it from 
the clear side of the reset and prime FF. With the reset and prime, the enable-OD­
signal level is always present and the Output System is continuously cycling. Under 
this condition, the test is always in progress, even while the test word is being entered. 
Therefore, the START CYCLE button has no significance. 
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Figure 4-7. Test Word Generator and Address Register stepping 
Simplified Logic Diagram 

g. Test Word Read-In (Figure 4-7) 

Cl.I.ti 

To unit- loop-test the individual storage sections in the Output System, a 
test word, as selected by the bit switches located on the unit test door, is read into each 
individual address of a selected storage section in sequential fashion until all legal 
addresses have been read into. 

The read-in operation of the test word into a specific core storage array is 
accomplished by stepping the address register until the test word is contained in each 
address. The stepping of the address is accomplished under the control of the test 
word generator and address register stepping flip-flops, shown in Figure 4-7. 

As shown in Figure 4-7, various pulses generated from any one of the indi­
vidual storage sections are used to set the test word generator flip-flop, except TD. 
When set, the flip-flop will generate a level to condition GT 1, which is strobed by OD 1 
pulses. During a unit loop test, the gated OD 1 pulses strobe GT's 2 and 3, in addition 
to complementing the register stepping flip-flop which controls both the stepping of the 
register addresses and the read-in operation of the test word into the OB register. Gates 
2 and 3 are conditioned by the outputs of the register stepping flip-flop. Initially, this 
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flip-flop is clear and is complemented by a gated OD 1 pulse to its set side; GT 3 thus 
is conditioned to pass the OD 1 pulse. 

The latter is sent as a read-test-word pulse to the OB register. The test 
word is now inserted into register address O. Succeeding OD 1 pulses strobe conditioned 
GT 1. This gated OD 1 pulse strobes GT' s 2 and 3 while at the same time complementing 
the register stepping flip-flop to its clear side. Gate 2 is now conditioned to pass the 
same OD 1 pulse which is now used to step the register address to address 1. This 
action is repeated until all addresses in a particular storage section are made to contain 
the test word. When this occurs, the register stepping flip-flop is set in a status con­
ditioning GT 2 to pass the following gated OD 1 pulse, thus stepping the address register 
to an illegal address count. When this occurs, a reset flip-flop pulse (OD 4 +0.4) is 
gated from the output control element to clear both the test word generator and the 
register stepping flip-flops, thus ending the read-in operation of the test word informa­
tion by address into the core storage array of the selected storage section under test. 

h. Single-Address Stepping 

Provisions are made to incorporate an additional refinement or feature 
should an error be detected while processing the test word through a selected storage 
section into an array. In the event that an error is detected, an alternate method of 
reading in the test word is performed; i.e., each register address is stepped, one at 
a time, when the SELECT ADDRESS pushbutton (S2) is depressed. Figure 4-8 depicts 
the single address stepping circuit used to perform this function. 

As shown in Figure 4-8, selection of test word read-in in the single-address 
mode is accomplished by closing single-address switch Sl, thus energizing Kl and K2. 
Following this, SELECT ADDRESS pushbutton is depressed, causing a pulse to be 
generated through the closed contact points of Kl as a stepping pulse to step the register 
address portion of the OB register. Each time the SELECT ADDRESS pushbutton is 
depressed, the register address will be stepped to its succeeding count. Energized K2 
will allow gated OD 3 pulses to set the unit test control flip-flop. The function of the latter 
is described in the following paragraphs. 

i. Transfer of Word from Output storage Section to Test Circuits CSR 

The test data bits that are contained in all register addresses of the selected 
storage array are read out of the array into the output shift registers (OSR's) by columns 
containing either all O's or all 1 bits. This, in effect, represents well over 200 data 
bits that would have to be read into the test core shift register (CSR). The test CSR is 
capable of handling a maximum of 1 7 data bits; hence, it can be seen that some pro­
vision must be made to reflect the composite of all data bits stored in the selected 
core storage array into the test CSR. This is accomplished by reading out each column 
of an array, simultaneously checking the odd or even count of each column as it is read 
out, and inserting the resultant count of each column into the test CSR. This function is 
accomplished by using the existing parity checking circuit shown in Figure 4- 9 to de­
termine the total odd or even count of test data bits as they are read out of the OSR's. 

The resultant condition of the parity check circuit that is obtained after a 
column of test data bits is shifted out of the OSR's is subsequently fed to control circuits, 
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which determine whether a 1 bit is to be printed into the test CSR. The parity checking 
circuits and control circuitry are shown in Figure 4-9 and discussed in detail in the 
following paragraphs. 

As seen from the figure, the test data read out of the OSR's is supplied to 
the complement lines of the parity checking flip-flops. Initially, these flip-flops are 
cleared and are complemented every time a 1 bit is read out of the OSR' s. If the array 
column which was read out contained all 1 bits, then each parity checking flip-flop 
is complemented an odd number of times. For G/G, each parity checking fiip-flop is 
complemented five times. Thus the parity checking flip-flops are in a set status at the 
end of readout of a single column of 1 bits from the OSR. However, in the case of G/ A­
TD, no output parity check is performed on the test word during a test transfer opera­
tion. The latter is discussed in detail in 2.1. 

It must be noted from the figure that GT 1 will be conditionted to pass an 
output-parity-alarm pulse whether an error is present during the parity checking cycle 
or not and that, therefore, the alarm pulse is meaningless during this particular opera­
tion. If the parity count for a column of 11 s as read out is odd, indicating no error, both 
the AND 1 and OR 2 circuits are conditioned, and their output levels are applied as con­
ditioning levels to the OR 3 and OR 4 circuits, respectively. As a result, both GT's 2 
and 3 are conditioned to pass OD 4.:13 pulses, which strobe them. These pulses are 
generated at the completion of a column readout and are passed by GT' s 2 and 3 to strobe 
GT's 4 and 5. The conditioning level for the latter gates is supplied by the G/G unit 
loop test control flip-flop. This flip-flop is complemented by gated OD 3 pulses at the 
end of an array ''A" readout at 19-counter-19 time whenever the single address mode 
is not being used during a test. However, if the single-address mode is used for test, 
the OD 3 pulses are fed to the 1 side of the unit loop test control flip-flop via energized 
K2, shown in Figure 4-9. 

When the single-address mode is not used during a unit loop test, the unit 
loop test control flip-flop is complemented, conditioning either GT 4 or GT 5. Hence, 
either gate can pass the gated OD 4-13 pulse, which strobes them. The data pulse 
stretcher flip-flop is then set via OR 5 and the normally closed contact points of Kl. 
This relay (Kl) is energized only when a unit loop test of the G/ A-TD storage section 
is in progress. 

When setting the data pulse stretcher flip-flop, a test data bit is primed into 
the test CSR as each individual array column is read out. As each test data bit is entered 
into the test CSR, it is shifted to succeeding cores until all bits have been entered into it. 
The individual bits are shifted under the control of the test shift control and test shift 
flip-flops. 

At the end of an array column readout, an OD 4-13 pulse is generated and 
gated to strobe both GT's 2 and 3, in addition to setting the test shift control flip-flop 
via the normally closed contact points of Kl. The latter, when set, generates a level 
to condition GT 6, which is normally strobed by an OD 2 pulse. Similarly, the OD 2 
pulse is also used to clear both the data pulse stretcher and test shift control flip-flops. 
At this time, the OD 2 pulse will be passed by conditioned GT 6 to set the test shift flip­
flop. Hence, each time that the latter flip-flop is set, shifting of the CSR will take place 
regardless of whether a bit has been primed into the test CSR. 
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To summarize the test word transfer operation during a unit loop test, 
a test word is read out of an array by columns and is parity-checked for an odd or 
even count. The resultant test data bit count is then primed into the test CSR under the 
control of the unit loop test control and data pulse stretcher flip-flops. Subsequently, 
the bit count is shifted to succeeding cores in the test CSR under the control of the test 
shift control and test shift flip-flops until all test data bits have been inserted into it. 
The test word data is then read out of the test CSR in parallel form to complement the 
right half-word of the OB register. 

The aforementioned circuit analysis reflects normal test operation; however, 
this test cycle is repeated several times to determine whether the gain or loss of a bit 
has been incurred during a test word transfer. Detection of ''grown'' or ''dropped'' bits 
is discussed in the following paragraph. 

j. Data Bit Generator Error Check 

G/G storage sections should result, at the end of a parity check count, 
in having all five parity checking flip-flops come to rest on their 0 and 1 sides (both 
clear and both set). This then reflects a no-error operation. 

However, some errors might be incurred during a test word transfer opera­
tion wherein some test data bits might be dropped (loss of a bit) or, on the other hand, 
grown (gain of a bit). The error detection circuit, shown in Figure 4-9, is used to detect 
errors that might be incurred during a test word transfer operation of the G/G storage 
section. 

AB stated in 2.1., the word transfer test cycle is repeated several times 
(a minimum of two test cycles) to allow for the detection of grown or dropped bits. That 
is to say, a complete array could conceivably contain a column of O's and a column of 
l's, a column of O's and a column of l's, etc.; hence, one complete test cycle is required 
to check the columns of O's and another to check the columns of 1 bits. 

Figure 4-9 depicts the error check circuit, which comprises the unit loop 
test control flip-flop and its associated gates, GT's 4 and 5. It can be seen from the 
figure that only GT 4 is strobed by OD 4-13 pulses when an error is present during a 
parity check test cycle. Also, GT 5 can be conditioned to pass OD 4-13 pulses only 
under the conditions that the unit loop control flip-flop is clear and that the OD 4-13 
pulse is present at the gate. The latter condition can occur only if a parity check count, 
when performed on any one column of l's is found to be correct. 

It can be further stated that, when the unit loop control is at rest on its 
clear side for one array readout cycle, a dropped bit will be detected. Conversely, if 
the flip-flop is at rest on its set side for one array readout cycle, a growing bit will 
be detected. ABsuming that a bit was dropped during a parity test cycle of a column of 1 
bits and that the unit loop test control flip-flop is at rest on its clear side at this time, 
then GT 4 is strobed by a gated OD 4-13 pulse. Gate 4 would remain deconditioned and 
could not pass the pulse to set the data pulse stretcher flip-flop, and no bit is primed 
into the test CSR, indicating that a bit has been dropped. 

258 



On the other hand, had the unit loop control flip-flop been at rest on its 
set side at that time, then the dropped bit could not have been detected until the follow­
ing test cycle because the test CSR would still bn prin.(·d. Conversely, if a bit is grovm 
during a parity check test cycle of a column of 0' s, then GT 4 is strobed by a gated OD 
4-13 pulse, assuming, however, that the unit loop test control Hip-flop is at rest on its 
clear side at this time. Gate 4 remains deconditioned and cannot pass the pulse to set 
the data pulse stretcher flip-flop. No bit is primed into the test CSR, and the error 
remains undetected until the following test cycle. 

In the ensuing test cycle, the unit loop control test Wt;-Hop is complemented 
to its set side, GT 4 is conditioned, and, if the enor is still present, the OD 4-13 pulse 
is passed by the conditioned gate to set the data pulse si:::c:tcher flip-flop, thus priming 
a bit into the test CSR indicating that a bit has been grown. 

From the above explanation, it is evident that the se4u~nce for determining 
whether a parity check for growing or dropping of bits is to be performed is largely 
dictated by the status of the loop test control flip-flop duri_11g any given test cycle. It is 
obvious that, when a column of J bits is being processed for test ak.-: nc1 2rror- w present 
in the column, that status of the uuit loop control flip-flop, at any tune, i::; relatively 
unimportant since both GT' s 4 and 5 would be strobed by the OD 4·-13 pulse and either 
could pass the pulse to set the data pulse stretcher flip-flop, inserting a bit into the test 
CSR. 

k. Data Bit Generator Error Check (G/G) 

Because the G/G storage section utilizes two core .'Jtorage arrays (A and B;, 
some additional refinements are used to se!ect a particular array for test. Also, because 
both arrays are tested in sequential fashion, regardless of which array is first ~Jro­
cessed for test, the parity-checking sequence is reflected as the following (Figure -1- 9): 

(1) Array A is checked for dropped bits. 

(2) Array Bis checked for Jropped bits. 

(3) Array A is checked for grown bits. 

(4) Array Bis checked for growa bHs. 

Selection of a particular array for parity-checking purpos~.s is dictated by 
the status of the flip-flop during a given cycle. This flip-flop is complemented by an 
OD 4-13 pulse at 19-counter-18 or at the end of a core ar.ray (A o:r B) readout. Com-­
plementing the flip-flop to its 0 side will select core a.nay A to be }..'1".lcessed for a 
parity check; likewise, complementing to its 1 side (set) selects core aHay B for test. 

The parity-checking cycle for the G1 G storage section begins at the end cf 
a readout cycle at 19-counter-18 time, wheieupon the teHt transfer flip-flop is set by 
an OD 4-13 pulse and the phase flip-flc·p is complemented to its clear side by this 
same pulse. Setting the latter flip-flop generates a shift phase A level to condition GT 7. 
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The test transfer flip-flop, having been set, generates a level to condition 
GT 8 to pass an OD 3 pulse. When a parity check test of the G/G storage section is 
effected, K2 will be energized to pass the OD 3 pulse via its closed contact points 
to strobe conditioned GT 7. The OD 3 pulse is then passed by conditioned GT 7 to 
complement the unit loop test control flip-flop via the OR 6 circuit. 

Assuming that the latter flip-flop is complemented to its clear side at this 
time, it follows that core array A is now being parity-checked for dropping bits. At the 
conclusion cf the array A parity check cycle, at 19-counter-18 time, the phase flip-flop 
is again complemented to its 1 side. However, GT 7 is now deconditioned, no pulse 
(OD 3) is passed to complement the unit loop test control flip-flop, and the flip-flop 
remains clear. As a result, core array Bis now processed for a parity check of dropping 
bits, completing the first parity check cycle for both arrays A and B. 

The above parity check test cycle is again repeated for detecting grown bits. 
When this occurs, the unit loop test control flip-flop will be complemented to its 1 side, 
whereupon it will remain in this state until both arrays have been parity-checked for 
grown bits. 

l. G/ A-TD Test Word Transfer 

The test word transfer operation during a unit loop test of the G/ A-TD storage 
section differs greatly from that described for the G/G storage sections. The difference 
lies in the fact that G/ A-TD words, which are 17 data bits in length, are stored in the 
register address column of an array and, since the G/ A-TD arrays are read out by 
addresses, one complete G/ A-TD test word is transferred to the test CSR. Subsequently, 
a zero test of the G/ A-TD tesi word is performed at the conclusion of the word transfer 
operation, eliminating the need for performing a parity or error check upon the test 
word. 

As shown in Figure 4-9, the G/ A-TD test information is sent over G/ A-TD 
data channel lines to the data pulse stretcher flip-flop via energized Kl. This relay is 
energized each time a unit loop test of the G/ A-TD storage section is in progress. 
Eact1 time the data pulse stretcher flip-flop is set, a 1 bit will be primed into the test 
CSR. Shifting of the primed bit in the test CSR is primarily a function of the test shift 
control and test shift flip-flops. This function is initiated by an OD 3-13-and-not-sync 
pulse, whicJ, ;.s generated at the end of an array column readout. 

In summary then, a G/ A-TD test word is read out of an array by columns, 
with each column representing an address, and transferred via data channel lines to the 
data pulse stretcher flip-flop. The test data is then primed into the test CSR under the 
control of the data pulse stretcher flip-flop. Subsequently, the data bits are shifted to 
succeeding cores in the test CSR under the control of the test shift control and test 
shift flip-flops until all test data bits have been entered in it. The G/ A-TD test word is 
now available for zero test purposes. 

m. Error-Detection AND Circuit 

When the complete test word has been read into the test CSR as described in 
2.i., a test-transfer pulse initiates a synchronizing cycle which results in the sampling 
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Figure 4-10. Zero Test and Master Stop Circuit (3.1.4), .Sirnpl.ifo:d Logic Diagram 

of each core in the register. Each core contain.tug a 1 bit sends a complementing pulse 
back to a particular fllp-fl('P in the flip-flop register of the output Drum System. This 
flip-flop would be the corresponding right test word flip-flop into which the bit was 
originally entered. If, in a particular right word flip-flop, the original bit entered was 
a 1 and the complementing bit is (correctly) also a 1, the flip-flop is complemented 
with the 0 side up. 

If, in a particular right word flip-flop, the original bit W;;.H a 0 and the 
complementing bit is (correctly) a 0, th€: flip-flop will remain with its 0 side up. How­
ever, if the original bit is a 1 and the complementing bit is (incorn:!ctly) a G, or ti the 
original bit is a 0 and the complementing bit is a 1, the fl.ip-il.op ls complemented 
with the 1 side up. 

As shown in Figure 4-10, the 0 SW€ of the 16 r:lght word !lip-flops of the 
flip-flop register and the 0 side of the output parity bit genE:rator il:(o-flop ar<~ fed to the 
17-way AND circuit. (See Figure 4-10.) 

If none of these bits have been erroneously changed from 0 to 1 or from 1 to 0 
during the processing through the Output System, the complementing of the flip-flops 
should reset the 0 sides of all the· flip-flops. The 17-way A,,~'D circuit conducts. The 
inverter then prevents any further passage of the signal level. However, it one (or more) 
of the flip-flops is complemented with the 1 side up, which wm1ld happen if an error 
occurred in processing the test word, the AND circuit wo1.1ld not conduct. The inverter 
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then passes a level to the OR 1 circuit to condition GT 1. The select section bit switches 
(LS, Ll, and L2} on the unit test door are operated to select a particular section (G/G, 
or G/A-TD), reflecting the section address of the test word. In any case, relay K2 
shown m Figure 4-10 will be energized for G/ A-TD and de-energized for G/G. For a 
G/G test word, K4 is in a de-energized state to pass a 19-counter-19 (OD 4-13) pulse; 
for a G/A-TD test word, K4 is energized to pass a gated OD 4 pulse. The individual 
pulses are then sent to strobe GT 1 as a zero test pulse for their respective storage 
sections. The pulses occur at the end of readout time in the respective sections and 
therefore arrive after the complete processing of the test word. If GT 1 is conditioned 
as a result of an error in the processing of the test word by the Output System, the gate 
passes the zero-test pulse. This sets the 1 side of the master stop flip-flop. Two actions 
can take place: 

If the STOP ON ERROR switch (JlO} has been operated to the closed position, 
the unit-loop-on-test voltage level is passed to energize K6, passing a -30v level to the 
OR 4 ·circuit. This results in the enable-OD-pulse-signal level's being produced only 
if the 0 side of the master stop flip-flop is up. Since an error causes the 1 side of this 
flip-Hop to be up, the enable-OD level is cut off and the test stops. 

If the STOP ON ERROR switch (JlO) is not operated, a +lOv level rather 
than a -30v level is applied to the OR 4 circuit. Therefore, except during a reset and 
prime operation, the enable-OD-pulse level remains up and the test operation cycles 
continuously without stopping. However, neons which are not shown in Figure 4-10 
iight if a flip-flop is not correctly complemented; these neons indicate the presence 
of an error. 

3. Unit Loop storage 

The unit loop storage section is the test CSR previously described. It accumulates 
ih~ processed test-word bits from the selected section and register of the output storage 
section. The bits are shifted into the test CSR, which is a series of 17 tape cores (core 
er.ifh) in c;erial form. At the end of the output storage section readout operation, the 
r;ontents of the core shifts are read out in parallel form to complement the corres­
p1)nding flip-llops in the right-half of the flip-flop register of the output control section, 
where the lest word was originally entered. 

Since the TTY word is not fed back to the flip-flop register for comparison with 
the origirul.1 t,3st word but is, instead, sent to a TTY monitor for a visual comparison, 
the um+. iorn .stor:i~e discussion applies only to G/G and G/ A-TD test words. 

'.~. Parallel Headout Control 

The parallel readout control circuit controls the parallel readout of the test 
word in the unit loop storage register (CSR). Selection of a particular storage section 
for unit loop test purpose is effected by closing select sectio.1 switches LS, Ll, and L2, 
located on the unit test door (Figure 4-1). Depending upon which section address is 
assigned to the test word, closing these switches singly or in combination will cause 
associated relays (Kl, K4, or K5) to be energized during unit loop test. 
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Figure 4-11. Parallel Readout Control Circuit (3.1.4), Simplified Logic Diagram 

For a unit loop test of the G/G storage sections, a 19-counter-18 pulse is 
used to produce the readout pulse; for G/ A-TD test an OD 3-13 at 17-counter-17 and not 
sync pulse is selected to produce the readout pulse. Each of these pulses occurs just 
before the last group of like-order bits is readout of their corresponding storage sections. 
Hence, these pulses occur just before the last bit is read into the first core shift in the 
test CSR. 

As shown in Figure 4-11, when a unit loop test of the G/G storage section is 
being performed, K5 will be energized to pass a 19-counter-18 pulse. This pulse is then 
sent through the normally closed contacts of de-energized Kl to set the test transfer 
flip-flop. The latter flip-flop, when set, generates a level to condition GT 1 to pass an 
OD 3 pulse. This pulse is then sent as a readout pulse to strobe the parallel readout 
gates in the test core shift register circuit to effect the transfer of test information to 
the OB register for comparison purposes. 

The parallel readout control operation for the G/ A-TD storage section differs 
somewhat from that for the other storage sections because the G/ A-TD right drum test 
word must reflect an odd-parity count as opposed to the even-parity count required for 
test words emanating from other storage sections. Therefore, to prohibit the G/ A-TD 
test word from acquiring an even bit count (RS to R15) and thus producing an erroneous 
word indication, additional circuitry (shown in Figure 4-11) is introduced to provide 
and maintain the odd-parity status of the G/ A-TD test word during the parallel readout 
operation to the OBR. The readout control operation and the generation of odd parity 
during a G/ A-TD unit loop test are discussed in detail in the following paragraph. 
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At the end of a column readout of a G/ A-TD core storage array, wherein a 
complete G/ A-TD test word is transferred to the test CSR, a gated OD 3-13-at-l 7-
counter-l 7-and-not-sync pulse is selected and passed via energized Kl to set the test 
transfer flip-flop (Figure 4-11). This relay is energized only when a unit loop test of the 
G/ A-TD storage section is being performed. The test transfer flip-flop, when set, 
generates a level to condition GT 1, which is strobed by an OD 3 pulse. The conditioned 
gate thus passes the OD 3 pulse, which is then sent as a parallel readout pulse to strobe 
the parallel readout gates of the test CSR to effect the transfer of test information, to 
the OB register for comparison. In addition, the pulse clears the test transfer flip-flop, 
The OD 3 pulse is also sent to set the G/A-TD unit test control flip-flop via energized KL 

The latter flip-flop, having been set at OD 3 time, conditions GT 2, which is 
strobed by an OD 1 pulse. The OD 1 pulse is passed by the conditioned gate to clear the 
G/ A-TD unit test control flip-flop, at the same time strobing GT 3. The latter gate is 
conditioned by a +lOv level produced when parity switch P, which is located on the unit 
test door, is closed. Hence, to ensure the odd-parity status of G/ A-TD test word, parity 
switch P is closed, conditioning GT 3, and the OD 1 pulse is passed to set the parity 
flip-flop in the OB register. 

b. Core Register Circuit 

The core register circuit, shown in Figure 4-12, is a tape-core register of 
17 core shifts and is similar to the 19-counter in the G/G storage section. The pro­
cessed test-word pulse from the storagP. register control circuit reads the extracted 
bits into the read-in winding of the first core of the register. This read-in occurs for 
5.0 usec between OD 4 and OD 2 times. The shift pulse starts at OD 2 with the receipt 
of the start-shift signal froin the storage register control circuit. The start-shift signal 
and the end-shift signal control the test shift flip-flop. This flip-flop supplies the shift 
pulse to the register. The shift pulse lasts 2.5 usec, from OD 2 to OD 3. At OD 3 time, 
following the shift pulse, the former content of each core appears at the output line to the 
gate circuit at the same time that the bit is being read into the next core. However, there 
is no transfer through these gates unless they are pulsed by the readout signal. After 
the last pulse, however, the register is full. The readout signal, which comes from the 
parallel readout control circuit at OD 3 time and coincides with the end shift signal, is 
applied to the parallel readout gates, causing the information to be transferred. 

Thus, in the parallel readout operation, each bit is directed back to the 
individual flip-flop of the OB register from which the bit was originally generated. 

4. Specific Unit Loop Tests 

The preceding paragraphs described the general, common circuitry and pro­
cesses used in performing a unit loop test involving any of the storage sections in the Out­
put System. The paragraphs which follow describe the particular processes and circuitry 
which are unique for each particular storage section. As has been previously mentioned, 
the output control element functions in the normal manner regardless of the storage 
section selected. 

a. Ground-to-Ground 
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The over-all operation of the G/G storage section during a unit loop test is 
essentially the same as during normal operation except for a few minor variations. In 
effect, unit loop testing of the G/G storage section is begun by activating the UNIT 
TEST pushbutton, causing the output test relay voltage to be applied to the test circuitry. 
Prior to setting up the test word, the OB register is isolated from the Drum System, 
the G/G burst counters are inhibited, and alarms are cleared. Inhibiting the reset of 
the right drum word flip-flops is automatically performed when in a unit loop test. 
The desired section address and the test word are selected manually by means of bit 
switches located on the unit test door. If it is desired, a STOP ON ERROR switch is 
engaged to detect enors <>.nd stop the test cycle. 

The unit test operation commences when the ST ART CYCLE pushbutton 
is activated. The manually selected test word is then automatically read into each 
individual address register of the G/G- FD core storage array until all legal register 
addresses have been read into. This automatic read-in of the test word into all register 
addresses may be substituted by an alternate methodof read-in, whereby the test word is 
manually stepped into each address register. 

Subsequent to the above read-in operation (automatic or manual), the test 
word stored in the array is read out in columnar fashion; that is, the resultant test data 
bit count of the column is read out and transferred via relays to the test CSR circuitry. 
During the transfer operation, an error check is performed on the test data bit count to 
determine whether bits have been grown or lost during the test word reading operation. 
In any circumstances, the test word is entered into the test CSR bit by bit under control 
of the unit loop test control circuitry. 

The G/G storage section comprises two core storage arrays; hence, a unit 
loop test of this storage section necessitates that both arrays (A and B) be subjected 
to test. In addition, other circuitrypeculiartothe G/G storage section (namely, the CMSR 
circuit and the switching circuit, which is used principally to switch test data information 
from one array to another) is also subjected to scrutiny during a unit loop test. 

In the G/ G unit loop test, a test word is automatically read into all the 
address registers of an array (say array A) during the search time period. The test 
word stored in a:rray A is then read out during the first cycle of the 19-counter while, 
at the same time, the test word is being written into array B. At the completion of the 
array A readout cycle (19-counter-18 time), an OD 4-13 pulse is generated to com­
plement the phase flip-flop to a 1. The latter, when set, produces a shift phase B level, 
thus selecting array B for readout of the G/G test word. Array Bis read out during the 
second 19- counter cycle while, at the same time, the test word is being written into array 
A. At the end of the second 19-counter cycle at 19-counter-18 time, the phase flip-flop 
is complemented to 0 by an OD 4-13 pulse. In this state, the phase flip-flop generates 
a level selecting array A for readout of the test word. 

It may be noted that, as one array is being read into, the other is being read 
out; hence, each array (A or B) is read out at every other cycle of the 19-counter. 

The G/G test word may be automatically or manually stepped into all address 
registers of a selected array. If the automatic-address stepping mode is used during a 
unit loop test, then the CMSR flip-flop neons located on the duplex maintenance console 
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will be set, indicating that all legal address registers have been filled with the test word, 
that all message slots have been filled with the test word, and that readout of the test 
word is taking place. However, if the manual-address stepping mode is used during a 
unit loop test, the CMSR flip-flops will remain cleared because, in this mode, the G/G 
test word is entered into and is read out of each individual address register of a selected 
array one at a time; hence, the CMSR message slots are never filled with the test word 
and thus no completed message indications by the CMSR flip-flop are presented. 

Following the readout of the G/ G test word from core storage array A or 
B, the word is routed via relays to the test CSR circuitry. During transfer operations, 
an error check is performed on the test data bit count to determine whether bits have 
been grown or lost during the test word reading operations. In any circumstance, the test 
word is entered into the test CSR bit by bit under control of the unit loop test control 
circuitry. At the end of an array readout, a 19-counter-18 pulse is generated and sent 
to the test CSR, causing the test word in the core register to be readout, in parallel 
fashion. At this time, a zero test is performed on the G/G test word; that is, if the word 
in the OB register is not correctly complemented, an error has occurred and, with the 
STOP ON ERROR switch in an activated state, the test cycle will end. On the other hand, 
if the OB register has been correctly complemented, thus indicating no error, the test 
cycle will be repeated until the END UNIT TEST pushbutton is activated. 

c. Ground-to-Air Time Division 

Unit loop testing of the G/ A-TD storage section is similar in many respects 
to the unit loop test operation described for the G/G storage section except for a few 
minor variations, some of which are mentioned herein. 

Like the G/G storage section, the G/ A-TD storage section comprises two 
core storage arrays, a CMSR circuit, and a decoding circuit which is used specifically 
to select either of the two arrays in this section. In addition, the G/ A-TD test word may, 
like T/G test words, be automatically stepped into all address registers of an array or 
manually stepped into each, both operations having been explained in previous para­
graphs. However, unlike the other storage sections, where a test word is contained in 
columns of like-order bits in their respective storage-section arrays (that is, one array 
column contains all RS bits, the second, all Rl bits ••• ,etc.), the G/ A-TD core arrays 
store a complete G/ A-TD test word in each address column (there being 12) of their 
respective arrays. Furthermore, unlike the other storage section, readout of the G/ A­
TD test word from the individual arrays is performed by address, in parallel fashion 
to one or two OSR's, depending on the mode the G/ A-TD is in. 

This is in direct contrast to that method of readout employed by the other 
storage sections, where columns of like-order bits are read out in parallel fashion to 
one OSR. 

In the G/ A-TD unit loop test, a test word is automatically entered into each 
address column of a selected array .(A or B) during the G/ A-TD search time period. 
The test word now contained in all address columns of an array (say array A) is read 
out to the OSR's during the first cycle of the 15-counter while the test word is being 
read into array B. At the completion of the first 15-counter cycle (15-counter-15 time), 
an OD 4-13 pulse is generated to complement the phase flip-flop in the decoding circuit 
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to a 1. The latter, when set, generates a shift phase B level, thus selecting array B 
for readout of the test word during the second 15-counter cycle while the test word 
is being read into array A. Like the G/G storage section, as one array is being read 
into, the other is read out at every other cycle of the 15-counter. 

As in normal operation, the G/ A-TD dual channel test words, when read out 
of the selected array, are temporarily stored in the OSR(s), one word per OSR, where­
upon they are simultaneously shifted out of the OSR(s) in serial fashion to separate 
test data lines and routed to the test circuitry. In the test circuit, the G/ A-TD test words 
are processed in the same manner as described for unit loop testing the G/G storage 
section, except that different control pulses are used to synchronize the G/ A-TD test 
word flow through the test circuitry during a unit loop test. First, synchronization is 
accomplished by using the OD 3-13-and-not-sync pulse to shift the G/ A-TD test data bits 
into the test CSR until a complete test word has been read into the test CSR. Secondly, 
an OD 3-13-at-17-counter-17-and-not-sync pulse is used to initiate the transfer of the 
G/ A-TD test word from the test CSR to complement tl1e OB register (see Figure 4-11). 
Thirdly, a gated OD 4 pulse is used to zero-test the G/ A-TD test word for any errors 
that may occur during unit loop tests (Figure 4-10). 

It has been stated that the test data information is routed over two test data 
channel lines, channels 1 and 2. However, only one test data line is tested on one time. 
Therefore, selection of a particular test data channel line for test is largely dependent 
on the status of the TEST G/ A-TD CHAN 2 switch. If the latter is activated, the test 
data contained in the test data channel 2 line will be processed for test. If the latter 
is left inactive, the test data contained in test data channel 1 line will be processed for 
test. G/ A-TD, single channel, operation is very similar to dual channel except for a 
few variations. In the single channel mode, G/ A-TD test words are readout of the array 
to OSR 1, one at a timP- No test words are placed into OSR 2. All G/ A-TD test words 
are individually shifted •;it of OSR 1 to the test CSR. The G/ A-TD data channel select 
switch must remain in ,;,e Channel 1 (inactive) position, during unit loop of G/ A-TD 
single channel operation. 

d. Teletype Monitor Test 

During testing, the TTY output storage section functions in much the same 
way as during normal operation except for a few minor variations in operations. As has 
been previously described, in the TTY test, the test word is not looped back to the test 
control circuits and to the 17-way AND circuit for zero test but is passed to a monitor 
where a visual comparison is made between the original test word and the processed 
test word. (Figure 4-13.) 

When setting up the test word, the procedure followed is the same as that­
previously described for a G/G and G/ A-TD word, except that, for a TTY test word, 
bit RS must always be a 1. The latter, preceding the test word, produces the start signal 
required to initiate the TTY monitor into operation. The remaining bits of the right 
drum word are selected to represent a particular TTY character. 

The TTY storage section is selected for unit loop test purposes by means 
of selection bit switches located on the unit test door. When a computer under test 
is in a standby mode, its respective TTY channel relays are arranged in series, since 
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they are not energized. In normal operation (outputs active), however, the TTY channel 
relays are energized, and their respective contacts are made to operate independently 
of other relay contacts. 
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Figure 4-13. TTY Duplex and Test Switching for Messages 1 and 2 (3.2.3) 

At the beginning of test, a start-search pulse is applied to the test word 
generator. This initiates the read-in of the test word into the OB register and the auto­
matic address register stepping of the test word in all addresses of the TTY core array. 
In addition, the start-search pulse is transferred and routed to inhibit the TTY burst 
counters. 

During test, the test word data bits are read out of the storage array to the 
OSR under control of the 51-counter. In the OSR, the test data bits or test words are 
stored temporarily and subsequently shifted out under the control of the 51-counter to 
complement the output parity counter flip-flops. These flip-flops are used to sample 
the test word for errors. At the same time, the test data bits are routed to the conver­
sion circuit, where they are applied to the set lines of the conversion circuit flip-flops. 
The output levels generated from these flip-flops are supplied to energize relays 
(VRD's) associated with each of the conversion flip-flops. These relays control the trans­
fer of test data bits to their respective TTY channel lines. Thus, when a conversion 
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flip-flop is complemented to the 1 side, its corresponding relay (VRD) will be energized 
to open the TTY channel line to produce a space signal (Figure 4-13). Conversely, when 
a flip-flop is caused to rest on its 0 side, its corresponding relay will close the TTY 
channel line, producing a mark signal. In this fashion, the binary-coded test word is 
made compatible with the input signal requirements (mark or space) required of the TTY 
monitor for proper operation. 

As previously stated, when the automatic-address stepping mode is used 
during a TTY unit loop test operation, the TTY channel relay contacts are arranged in 
series order so that, whenever a channel relay is caused to open, all other channel 
relays will open. Similarly, when a channel relay is caused to be closed, all other 
channel relays will close. However, when the single-address stepping mode of opera­
tion is used, the individual channel relays are made to operate independently of each 
other. 

Computer Loop Test 

1. General 

The computer loop test is a comprehensive check of the input and output circuits 
of the AN/FSQ-7 Combat Direction Central. It tests the operation of the Output System, 
Input System, Drum System, and various parts of the Central Computer System itself. 
During the test, the flow of information through the various elements of both the AN/ 
FSQ-7 and AN/FSQ-8 Centrals closely approximates the information flow in the re­
spective equipments when they are actually processing the air defense problem. 

Basically, the test comprises two modes, each of which is separately tested. 
On one mode, the outputs ·Of the G/ A-TD storage section are looped through the output 
test section to the long-range radar input (LRI) element. In the other mode, the output 
of the G/G storage sectjon is looped through the test equipment section to the cross­
tell (XTL) input element. Figure 4-14 shows the two paths of information flow. 

In both modes, the test information originates within the Central Computer 
System and is passed through the OB fields of the Drum System to the Output System. 
In the Output System, the test information passes through the G/ A-TD storage section 
to the test equipment section, and on to the LRI element of the Input System; from there 
it passes through the LRI field of the Drum System and back into the Central Computer 
System for comparison with the original test information. 

The other path is through the G/G storage and test equipment sections to the 
XTL element of the Input System, through the XTL field of the Drum System, and back 
to the Central Computer System. 

a. Ground-to-Ground to XTL Loop 

In the regular operation of AN/FSQ-7 Combat Direction Centrals, the output 
of the G/G storage section is transmitted over telephone line circuits to one of the 
adjacent AN/FSQ-7 Combat Direction Centrals. Information enters the adjacent equip­
ment through the XTL input element, the manner in which the information is transmitted, 
therefore is compatible with the operation of the XTL input element. 
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There are five G/G output channels. Each of these channels is capable of 
being included in the computer loop test, one at a time. Further, there may be several 
XTL input channels in the XTL input element. Only one such input channel may be used 
at one time in the computer loop test. Therefore, to conduct the test, it is necessary to 
select one G/G output channel and one XTL input channel. The test information is pro­
grammed to pass through the Output System and must reflect the channel selection in 
the address part of the information. The output channels are selected and switched auto­
matically within the computer loop control. Since the information is already compatible 
it is switched straight through the computer loop control without any modification. The 
test information is programmed within the Central Computer System. 

b. In the normal operation of AN/FSQ-7 Combat Direction Centrals, the G/ A­
TD storage section outputs are forwarded to data link receivers via telephone trans­
mission lines. 

Data information from the storage section is routed over two output channels, 
and messages to each data-link receiver contain 234 data pulses. 

The LRI element requires five 47-bit words each word preceded by a specific 
sync pattern (OOSOO). (See Figure 4-15.) Thus, the LRI element must be provided with a 
total of 235 bits of information pltis the sync pattern. The 235 bits represent one bit more 
than the G/ A-TD array can provide. Hence, an additional bit must be supplied which is 
always a 0. Paragraph 2a describes the circuitry involved in making a G/ A-TD to LRI 
computer loop test or a G/G to XTL input loop test. 

~ f----------- DATA ·------j 

Figure 4-15. Long-Range Radar Iri.put Message 

c. TTY Monitor Test 

A computer loop test may be performed on the TTY storage section. However, 
there is no provision for feeding information from the output system back to the Central 
Computer. Therefore, a TTY monitor such as is used in the TTY unit loop test is used in 
the TTY computer loop test. 

2. Computer Loop Control 

a. G/ A-TD to LRI Channel Selection 

Channel selection of the various sections of the AN/FSQ-7 equipment during 
a computer loop test operation is effected by means of programming. Programs are 
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generally written to route test data information over individual channels of selected 
sections in concurrent fashion, incurring no delay between the selection of the individual 
channels. 
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Figure 4-16. Computer Loop Test Channel Selection Circuit (3.1.4), 
Simplified Logic Diagram 

PULSE 
GENERATOR 
(3.1. 31 

The selection of section and channel is accomplished by means of the channel 
selection circuit shown in Figure 4-16. It can be seen from the figure that a BTC pulse 
occurring at OD 1 time is obtained by selecting the burst time counters and reading lO(B) 

(octal) words. The select-selection levels are obtained from the section decoder circuit, 
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which determines which channels or sections will b.e selected to route the test data 
information. These levels are of 7 .9-usec duration and occur each time a word is read 
into the OB register. 

To computer-loop test G/ A-TD channels 1 and 2 by means of programming, 
the following pre-operational test procedure must take place. The OUTPUTS TEST­
OPERATE switch is operated to the TEST position. This applies -48v to the armature 
of Kl of circuit VRD 1. Next, the RESET flip-flops pushbutton is depressed. This action 
clears the LRI loop channel selection flip-flop (FFl), de-energizing Kl and thus allowing 
-48v to be applied to the normally closed (NC) contact points of Kl. The program is 
written so as to cause the burst time count to be selected and read (lO(S) times) 

twice, thus generating two step-channel (OD 1) pulses. This action is required to ensure 
that all the channel selection flip-flops are clear and that the auto loop inhibit flip­
flop (FF 4) is set before a computer loop test of a particular section and its associated 
channels can take place. 

With the generation of the first OD 1 pulse, FF 1 is complemented to its 1 
side; the loop G/ A-TD to LRI flip-flop (FF 3) is cleared, and FF 4 is set via the OR 1 
circuit. In order that the conditions established in the preceding paragraph may be met, 
a second OD 1 pulse is programmed to complement FF 1 back to its clear side; FF 3 
will remain cleared, and FF 4 will remain set, ending the pre-operational test proce­
dure. A G/ A-TD section and its associated channels can now be selected for computer 
loop test purposes. 

When the first G/A'-TD word is read into the OB register, a select-section-5 
level is generated to condition GT 2. Flip-flop 4, having been set by an OD 1 pulse 
generates a level to condition GT 3. Both GT's 2 and 3 are now conditioned to pass an 
OD 3 pulse to set FF 3. The OD 3 pulse is also returned via OR 2 to clear FF 4, de­
conditioning GT 3. 

Flip-flop 3, having been set at OD 3 time, allows the -48v to be passed through 
the normally closed (NC) contact points of de-energized Kl of VRD 1 and to be subse­
quently fed to the normally open (NO) contact points of energized K4 in VRD 4. This 
relay voltage is then applied to energi!e the G/ A-TD channel l computer loop test relay, 
enabling G/ A-TD channel 1 test data to be looped to the LRI element, via the LRI test 
bus lines and the test pattern generator, to be returned to the Central Computer for 
comparison purposes. 

If desired, the computer loop test program can be written to process the test 
information repeatedly over the same section and channel, another channel within that 
section, or proceed to select another section for test. On the other hand, U it is desired, 
say, to select channel 2 of the G/ A-TD storage section, then the program is written so 
that once agilin the burst time counter is selected and then read. The BTC, having been 
read, generates at this time a step-channel selection (OD 1) pulse to complement 
FF 1 to its set side. The latter generates a level energizing Kl of VRD 1 and enabling 
-48v to be passed through its normally open (NO) contact points and applied to K5 or 
VRD 5. 
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This, in effect, removes the -48v relay voltage from VRD 2 and de-energizes 
the G/ A-TD channel 1 computer loop test relay. In addition, the OD 1 pulse is applied to 
the 0 side of FF 2 and to the 1 side of FF 4. Flip-fiop 3 will again be set upon receipt 
of the first Section 5 Drum word. 

Flip-flop 3, being set, energizes K4 and de-energizes K3, thus the -48v 
is passed through the normally closed contacts of K5 to energize the G/ A-TD channel 
2 computer loop test relay. Hence, the drum test word data is routed over the G/ A­
TD channel 2 lines and looped to the LRI element, via the LRI test bus lines and the 
test pattern generator, and returned to the Central Computer for comparison purposes. 

It should be noted from the figure that G/G Channels 3 and 4 are selected 
in coincidence with the selection of G/A-TD channels 1 and 2. However, this does not 
contribute any adverse effects on the G/ A-TD channel selection operation since the 
G/G test data information is looped to the XTL element, whereas the G/A-TD is looped 
to the LRI element. 

b. G/G to XTL Channel Selection 

The procedure used for computer-loop testing the G/Gstorage section and its 
associated channels is the same as that described in the previous paragraph for the 
G/A-TD storage section. As shown in Figure 4-16, the VRD 4 circuit must be energized 
if it is desired to select a G/ A-TD channel 1 or G/G channel 3 line for test. This circuit 
is energized only when a select section- 5 level. is present and when FF 3 is in set 
status. It is apparent, therefore, that, whe.n selection of a G/G channel 3 line is required 
it is necessary that, initially, the first word received from the OB drum be made to 
contain a G/ A-TD section JlUDlber. In all other cases, select-section-2 level is required 
initially to effect selection of the remaining G/G channels. 

Using this method of selection, it is possible to check the G/ A-TD channel 1 
line and then, without changing the status of the selection circuit, go on to check the 
G/G channel 3 line. The two checks may be performed alternately or simultaneously. 

c. stop to Drums 

When the STOP TO DRUMS switch is activated, K2 is energized (Figure 
4-17). This sends a -30v level as a non-reset-on-error signal and a +lOv level as a 
stop-to-drum signal level to the alarm control section. The -30v non-reset-on-error 
signal causes the contents of the flip-flop register of the output drum section to be re­
tained for inspection if a parity-NG, an illegal register, or section address alarm is 
produced (Figure 2-44). The stop-to-drums pulse is passed to Drum System if either 
of the previously mentioned errors occurs. It stops the Drum System and prevents the 
erasure of the test word so that the error can be examined. 

d. Restart-to-Drums Circuit 

When the OUTPUTS TEST-OPERATE switch is moved to the OPERATE 
position, the falling of the test-outputs signal generates a pulse in the restart to­
drums circuit (Figure 4-18). This pulse sets the synchronizing restart-to-drums­
sync flip-flop. The restart-to-drums flip-flop is set at the following OD 3 time; at 
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OD 1 time, the restart pulse is generated. The restart pulse is carried to the Drum 
System and to the parity generator of the output control element. This pulse is used in 
the Drum System to re-enable the transfer of the information from the OB drum to the 
Output System. In the output control element, the pulse causes a compare signal to be 
sent to the Drum System for 100 ms but prevents any words from being accepted during 
this interval. This prevents any stale information in the drums from being transferred 
and causes such information to be erased from all three OB drum fields. The outputs­
active signal, which arrives when a system is changed from standby to active has the 
same effect as the test-out-signal. 

CENTRAL STOP TO DRUMS 
COMPUTER 

STOP TO 

DRUMS } ALARM 
CONTROL 

NON RESET l3.l.l- 2 ) 
ON ERROR • 

Figure 4-17. stop-to-Drums Circuit (3.1.4), Simplified Logic Diagram 

e. 13-Core Delay Counter 

In general, a G/ A-TD test message is composed of 39 timing pulses; 34 of 
these represent G/ A-TD data, and the remainder constitute the sync pattern (OOSOO) 
which precedes each G/ A-TD test message (2 words). Since each LRI message requires 
a total of 52 timing pulses, including the sync pattern, the transmitted G/ A-TD test 
data must be modified. The latter, when modified is then compatible with the requirements 
of the LRI input element. 

Modification of G/ A-TD messages during a G/ A-TD to LRI computer loop 
test is accomplished by the 13-core delay counter circuit (see Figure 4-19). During 
the delay initiated by the 13-core delay counter, the shifting of the 17 counter is in­
hibited by the 13-core delay counter, thus preventing the readout of any G/ A-TD data 
and thereby allowing 13 timing pulses to be transmitted without any data being trans­
mitted on the data lines. These 13 timing pulses when added to the 39 data pulses of the 
G/ A-TD test message, make the message compatible with the LRI input equipment re­
quirements of 52 ~ming bits per message. A detailed discussion of the operation of 
the 13-core delay circuit follows: 

Assume that a G/ A-TD test message consisting of four 17-data bit words 
has been read out. of the OSR's (two words per channel) preceded by their sync pattern 
OOSOO. At this time, the following conditions will be evident: 
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Figure 4-18. Restart-to-Drums Circuit (3.1.1-2), Simplified Logic Diagram 
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Figure 4-19. G/ A-TD 13-Core Delay Counter (3.2.5), Simplified Logic Diagram 



(1) The 17-counter fast-shift flip-flop is cleared. 

(2) The 15-counter is shifted to 15-counter-5 time. 

{3) The 17-counter is being reset and primed. 

At 15-counter-5 time, an OD 4 pulse is gated to set the sync generator flip­
fiop, the 17-counter shift flip-flop, and the 17-counter sync flip-flop preparatory to the 
readout of G/ A-TD message slot 2. With the setting of the 17-counter sync flip-flop, 
a level is generated to condition a gate which is strobed by an OD 3 pulse. The con­
ditioned gate passes the OD 3 pulse, which in turn is used to perform the following: 

(1) Set the 17-counter prime flip-flop. 

(2) Clear the TD LRI pause flip-flop. 

(3) Clear the 17-counter sync flip-flop. 

The 17-counter prime flip-flop, when set by the gated OD 3 pulse, generates 
a level to prime the 13th core of the 17-counter (see Figure 3-49), readying the 17-
counter for sync pattern generation. This level is also used to prime the first core of 
the 13-core delay counter, alerting this counter for the 13 timing pulse delay required to 
modify the G/ A-TD test message. 

The operations depicted above are applicable only during a G/ A-TD com­
puter loop test operation. When the OUTPUTS TEST-OPERATE switch is set to the 
OPERATE position, Kl (shown in Figure 4-19) will become energized. The same OD 3 
pulse that sets the 17-counter prime flip-flop is also used to clear the TD LRI pause 
flip-flop. The TD LRI pause flip-flop, when cleared generates a level through the closed 
contact points of Kl to condition GT 1.At the same time, a -30v level emanating from the 
set side of the flip-flop is applied to decondition GT 3. Deconditioiling GT 3 prevents the 
shifting of the 17-counter during the delay. Conditioned GT 1 will pass an OD 2-13 
pulse to set the delay counter shift flip-flop via the OR 1 circuit. This ,flip-flop is 
cleared by OD 3 pulses; hence, this flip-flop generates 2.5 usec shift pulses, which are 
used to shift the 13-core delay counter. 

Coincident with the shifting of the 1 bit in the 13-core delay counter by the 
delay counter shift flip-flop, a timing pulse is passed to the LRI element. Therefore, 
at the completion of the operational cycle for the 13-core delay counter, 13 timing 
pulses will have been passed to the LRI element. At the same time, GT 2 is conditioned 
to pass an OD 3-13 which is used to set the TD LRI pause flip-flop. When the latter is 
set, GT 1 is deconditioned, preventing the shifting of the 13 core delay counter. In ad­
dition, GT 3 is conditioned to pass OD 2-13 pulses; which are subsequently used to 
shift the 17-counter. Shifting the 17-colDlter initiates the generation of the sync pattern 
for the following test message. 

It can be seen therefore, that each time a G/ A-TD message comprising 39 data 
pulses is transmitted to the LRI input equipment a 13 timing pulse delay is executed by 
~e 13-core delay counter circuit. As a result, the G/ A-TD test message is modified to 
conform to the 52 timing pulses needed for an LRI message. 
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SUMMARY QUESTIONS 

(True or False) 

1. The G/A-TD output message is changed to 47 LRI input messages in computer 
loop test. 

2. In G/A-TD, G/G and TTY unit loop test the zero test of the OBR can be used 
effectively to find errors in the right half word. 

3. There are 25 TTY monitors, one for each channel, at each site. 

4. If the Test-Operate switch on the maintenance console is in the operate position, 
the output system cannot be placed in unit loop test. 

5. There are six alarm lights at the top of the test door. 

6. The sync bit for message one is the normal sync bit that is generated in G/ A­
TD outputs. 

7. G/A-TD and G/G can be placed in test at the same time, then the word will 
be read into both arrays. 

8. While computer loop testing the G/ A-TD outputs, the Xtell input channels are 
used. 

9. The "stop on Error" switch must be on in order to allow the "Master stop" 
FF to stop operation. 
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CHAPTER 5. AN/FSQ-8 OUTPUT SYSTEM 

1. General 

This section of the lesson plan contains pertinent information relative to the 
function and operation of an AN/FSQ-8 Combat Control Central in the SAGE System. 
Since, in a functional (tactical) sense, a Combat Control Center occupies a higher 
station in the command echelon of the SAGE system than that held by a Combat Direc­
tion Center, it is axiomatic that the equipment utilization of a Control Central also 
differs from that of a Direction Central. 

Basically, the equipment complex of an AN/FSQ-8 Combat Control Central 
is similar to that employed in an AN/FSQ-7 Combat Direction Central with a few ex­
ceptions. The main exception is that a Control Central has no facilities for communicating 
directly with manned or unmanned interceptors. Consequently, ground-to-air (G/ A-TD) 
output facilities · (required in a Direction Central) are not reqmred in a Combat Control 
Central. 

The facilities utilized in the Output system of a Control Central are the gr01.md­
to-ground G/G and the teletype (TTY) storage sections. The operation of these two 
storage sections, including the differences (circuit or operational) between them and 
their Combat Direction Central counterparts, is discussed in the ensuing paragraphs. 

2. Output System in AN/FSQ-8 Combat Control Central 

The computer that is utilized in a Combat Control Central is a modified version 
of the AN/FSQ-7 Computer shown in Figure 5-1. The Output System in an AN/FSQ-8 
Central comprises the G/G and TTY storage sections. These storage sections operate 
in a manner similar to that described for their Direction Central counterparts, but for 
a few exceptions. Therefore, for purposes of brevity, it is necessary to discuss in this 
part of the student Text only the circuit or operational differences between the AN/ 
FSQ-7 and AN/FSQ-8 Output Systems. 
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OUTPUT TRANSMISSION 
ALARM TIME DATA ,-----OUTF'UT STORAGE ELEMEN;:-i 
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·I I TTY 
>-
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Figure 5-1. Output System, Block Diagram 
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Difference Data 

1. Description 

The difference data presented in this chapter has refereI}ce to the departures 
from the circuit and fwictional operation which normally complements an AN/FSQ-7 
Combat Direction Central and is used exclusively in an AN/FSQ-8 Combat Control 
Central. 

Except for the differences mentioned herein, the operation of the Output System 
in a Direction Central, as described in the preceding parts of this Student Text is also 
pertinent to the Output System in a Control Central. Hence, when applicable, all ref­
erences relating to an AN/FSQ-8 Output System operation should be directed to that 
information contained in previous discussions in this Student Text which are con­
cerned with the operation of the Output System in a Direction Central. 

2. Circuit Differences, Output Control Element 

The operation of the output control element, as discussed in this student Text 
is also applicable to the AN/FSQ-8 output control element. However, all references 
to the G/ A-TD mentioned in this part should be disregarded. Circuit differences evident 
in the discussion of the output control element (AN/FSQ-7) and common to the AN/ 
FSQ-8 output control element are discussed in the following paragraphs. 

a. Flip-Flop Register Clearing 

The temporary storage period of the Flip- Flop register is controlled by 
the Flip-Flop-clear (reset) pulse generated in the driver section of the parity register 
and drivers. The controlling factors for the application of the clear pulse are shown 
in Figure 5-2. The clear pulse is a gated OD 4 timing pulse passed through a 0.4-usec 
delay circuit. The clear pulse is then applied through separate lines to the left drum 
and parity registers and the right drum word register. The clear time is thus estab­
lished at OD 4 + 0.4 usec. 

The drum word is received from the OB field at OD 1 time plus the delay 
introduced by the connecting cable. The cable delay depends on the length of cable used 
and may be as great as 0.5 usec. 

Since OD 4 is 7 .5 usec after OD 1 (2.5 x 3), OD 4 + 0.4 occurs approxi­
mately 8.0 usec after the time that the drum word is received. Hence, the flip-flop 
register is cleared approximately 8.0 usec after it is set by the drum word. 

The application of the clear pulse is a fwiction of the presence of the not­
error-signal level at the gate. This pulse is always present during normal operations 
and is removed only for testing purposes. 

The inhibit reset signal from the unit loop control circuit (a test fwiction) 
energizes a relay, causing the normally closed contact to open. This action prevents 
the right drum word register from being clear but has no effect on the passage of the 
left-drum-word-register clear pulse. 
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Figure 5-2. Flip-Flop Register Clear Control 
(3.1.1), Simplified Logic Diagram 

To summarize, the registers are always cleared 8.0 usec after a word is 
entered into the registers during normal operations. Only during test operations is it 
possible for the drum word to remain in the registers longer than this period. Thus, 
during testing, a drum word may be retained for longer than the normal time interval 
when test operations require this condition. 

The OD 4 reset pulse, shown in Figure 5-2, is gated into the read-in control 
circuit when a word is missed. It then becomes a nonsearch signal to the output alarm 
section and the Central Computer. The OD 4 pulse is used since it occurs at a time 
sufficiently later than the time of entrance of the word (OD 1) to permit complete exam­
ination of the word. 

b. Output-Word Parity Generator 

Since the drum word does not remain intact beyond the output control element, 
the drum-word parity cannot be used for further parity checking. Therefore, a new 
parity ·bit is generated, added to the right drum word, and transmitted with it to the tele­
phone receiving terminals. This permits another parity check to be conducted at that 
point (i.e., at the terminals) for detection of possible telephone channel errors. Unlike 
drum-word parity, the output parity bit is even; that is, the total number of l's in a 
correct output word, including the output parity bit, is even. 

The parity gates used to test drum-word parity are also instrumental in 
generating the output parity bit. The output-word parity generator flip-flop, shown in 
Figure 5-3 is initially cleared by the flip-flop register clear control and is therefore 
set with the O side up before the new word is entered into the flip-flop register. The 
output word parity generator is then set with the 1 side up only if the new right drum 
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word produces the odd-parity pulse shown in Figure 5-3. This pulse comes from the 
odd line of the parity gates associated with the RS bit of the right drum word. Bence, 
the pulse comes only U there is an odd total of 1' s in the right drum word. It follows 
that an output word parity bit is generated whenever the right drum word is of odd 
parity. The output word parity bit, when added to the output word through the STD's 
makes the total number of 1' s even. If the right drum word has an even total of 1 's, 
there is no pulse to the 1 side of the flip-flop. Bence, the flip-flop remains with the O 
side up and there is no parity bit added to the right drum word. Since in this case, 
the right drum word must have originally had an even total of l's, it still has an even 
total of l's. 

+- 10 OURING NORMAL OPERA.----

ODD 
PARITY GATES (3.1.1-21----.. 

OUTPUT CONTROL(3.l.I) RESET OD 4 +. 4 

Figure 5-3. Output Parity Generator (3.1.1-2), Simplified Logic Diagram 

3. Circuit Differences, Output storage Element 

The operation of the output storage, as discussed previously, of this proficiency 
guide is also applicable to the AN/FSQ-8outputstorage element. However, all references 
to the G/ A-TD mentioned in this part should be disregarded. 

4. Circuit Differences, Test Equipment Section 

The operation of the test equipment section in the AN/FSQ-8 output system 
differs greatly from that of its AN/FSQ-7 counterpart. This.difference is attributable 
to the variance in circuit appllcabiUty Qr flµlction and the test procedural methods 
used to perform test functions (unit loop or computer loop tests) on the AN/FSQ-8 
output system. A discussion of the operation of the test equipment section in an AN/ 
FSQ-8 output system is presented in the following paragraphs. 

5. Introduction, Test Equipment Section 

The output test equipment section is incorporated in the output control element 
of the Output System for the purpose of testing the circuit functioning and the logical 
operation of the Output System. The test equipment consists of switches, relays, and 
logic circuits. Also, certain of the neons and indicator lamps of the output alarm section 
operate with the output test equipment section. The various switches, neons, and lamps 
are located on the output system test panel, which is mounted on the back of unit 42. 
(See Figure 4-1.) 
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Two basic types of tests are provided by the test equipment: the unit loop test 
and the computer loop test. Each loop test involves the feedback of test information 
to its origin, where a comparison is made to ascertain whether the test information was 
correctly transmitted. The unit loop test is performed manually by means of switches, 
whereas the computer loop test is programmedandis therefore performed automatically. 
The unit loop test checks the operation of the various individual sections of the output 
system while the system is isolated from the remainder of the Combat Control Central. 
The computer loop test provides a means of checking the Output System in conjunction 
with a large portion of the Combat Control Central. 

6. Unit Loop Test 

a. General 

In the unit loop test, the Output System is isolated from the Drum System, 
and a test word is then inserted manually by means of switches. The test word is 
processed in the normal manner by the output control element. If the conditions for 
its acceptance have been fulfilled (parity OK, burst number compares, no illegal ad­
dresses, and search time up), the word is transferred in the normal manner to the 
selected storage section in the output storage element. The word is then processed 
through this element. For the G/ G storage section, the output data (right drum word) 
is looped back into the output control element flip-flop register, where the word was 
originally entered. If the transfer was unsuccessful, one or more of the output alarm 
section flip-flop register neons will be illuminated. (See Figure 5-5.) Besides this visual 
representation, the test equipment section indicates an error in one of several other 
ways. For the TTY storage section, the output word is recorded on a TTY monitor. 
This data is then visually compared with the test contents of the flip-flop register to de­
termine whether an error has occurred. 

The unit loop test procedure maybedividedinto three basic circuit groupings; 
unit loop control, unit control circuits control the general flow of the test word through 
the output control element and the output storage element and provide the processing 
operation for detecting an error. The unit loop storage circuits provide for the storage 
of the test word in the test equipment section. The unit loop test circuits control the 
specific test operations in the storage section of the output storage element during 
testing operations. 

b. Unit Loop Control, Error Detection 

The general process of error detection involves the manual setting in of 
a test word in the flip-flop register and the processing of this word to determine whether 
any errors occur. The test word is processed through the output control element in the 
normal manner and transferred to the output storage section. From there a G/G word 
goes to the unit loop control circuits. A TTY word, on the other hand, is sent not to the 
unit loop control circuits, but to a TTY monitor. 

(1) Unit Loop Test Switching 

The operation of the Output System during testing is controlled by relays, 
which are in turn controlled by switches. These switches are located on the panel on the 
test doors on the back of the output control unit. 
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Figure 5- 5. Unit Loop Test Data Flow, Block Diagram 
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Any kind of a test on the OUtput System disables it thereby disabling the 
operation of the entire Central. Therefore, an interlock (controlled at the maintenance 
console) is necessary to prevent inadvertently starting a test during the processing 
of an air defense problem. This interlock is accomplished by switching the relay voltage 
supply for the test equipment section at the maintenance console. Thus, the OPERATE­
TEST switch on the maintenance console sends a computer-test signal to the unit-loop­
on-test circuit of the unit loop control. (See Figure 5-6.) This signal controls the relay 
voltage supply for the output test equipment section and is sent via computer loop contrQl 
circuits since a computer loop test takes precedence over a unit loop test. Hence, 
control over whether a unit loop test can take place depends upon whether a computer 
test is in progress. 

A unit test pushbutton (SS, Figure 5-6) inthe test equipment section causes 
a holding relay to close, which controls the output test relay voltage (the output on­
test signal) of the test circuits. The end unit test pushbutton (S7) breaks the voltage to 
the holding relay at the end of the test operation. 
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Figure 5-6. Unit-Loop-on-Test Test Circuit (3.1.4), Simplified Logic Diagram 

(2) Drum Isolation and Test-Bit Circuits 

To set in a test word, the flip-fiop register of the output control element 
must be isolated from the Drum System. After this is done, the test word can be set 
into the flip-flop register. 

As shown in Figure 5-7, the unit loop test circuit supplies the relay 
voltage to 33 relays, each of which opens one of the 33 bit lines from the Drum· System. 

The test word generator of the output test equipment provides a standard 
test-word pulse equivalent to a 1 bit to each of 33 gates. Each gate is connected to a 
read-in test-word switch corresponding to each of the 33 bits which make up. a word. 
When a switch is closed, a +1 Ov level conditions the corresponding gate which passes 
the test-word pulse. This sets the 1 side of the corresponding flip-fiop in the flip-flop 
register up. Therefore, by closing the appropriate switches, l's are read in to make up a 
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drum word. (It follows, of course, that the flip-flops associated with the read-in test­
word switches left open are set with the O side up.) 
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Figure 5-7. Drum Isolation and Test-Bit Circuit (3.1.4), 
. Simplified Logic Diagram 
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When setting in a test word for G/ G, the right drum word (bits RS through 
R15) may be set to any desired combination of l's and O's. For TTY, restrictions 
must be considered. The burst number, bits LS through L15, must be all O's since the 
burst counters in the output storage element are inhibited. The desired register address 
in the array of the selected section, designated by bits L3 through L 7, is set according 
to the register address code; the desired section address, designated by bits LS through 
L2 is set according to the section address code. Care must be taken not to set in an 
unassigned section or register. The parity bit, P; must reflect a manual parity count 
of the 32 other bits so as to produce odd parity for all 33 bits. 

(3) Inhibit Resetting of Right Drum Word 
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Under normal operation, the parity drivers of the output control element 
clear the flip-flop register 7.9 usec after the word is entered. However, during test 
operations, the right drum word should remain in the flip-flop register until it is com­
plemented by the completely processed, looped-back word for G/G tests, or visually 
compared with the TTY monitor for TTY tests. 

The clearing of right drum word registers is prevented by closing 
INHIBIT RESET RIGHT DRUM WORD switch S62. This transfers the -48v relay level 
passed by the unit test relay (Kl, Figure 5-6) to the relay in the parity register and 
drivers (Figure 5-2) that controls the application of the clear pulse. The opening of this 
latter relay ]>revents the clear pulse from being passed to the right drum word flip­
flops and also the output parity generator flip-flops (Figure 5-3). The clearing of the 
left drum word and input parity bit is not prevented since only the message portion 
of the drum word (right drum word) and the output bit arrive at the output of the output 
storage element. Therefore, only this (the right) portion of the drum word is looped back 
to the flip-flop registei: for comparison purposes. 

(4) Clearing Alarms and Resetting Flip-Flops 

Before the test operation is begun, all alarms and flip-flops in the Output 
System should be cleared by depressing the CLEAR ALARMS AND RESET FLIP­
FLOPS switches (S5 and S6). This action grounds the pulse generators in the pulse 
distributor circuits of the output computer section. Clear pulses now pass to the appro­
priate circuit. 

(5) Test Start Control 

Before a unit loop test is started, the previous basic switch settings must 
be made. Then, specific switch settings must be made,. depending upon the storage 
section (G/G or TTY) selected. Also, the method of error detection is selected. If the 
STOP ON ERROR switch is engaged, the test should be started by depressing START 
CYCLE pushbutton S2. As shown in Figure 5-8, this action grounds the pulse generator 
which produces a pulse to clear the single-cycle output flip-fioj;> and the master flip­
flop. This latter flip-flop produces an enable OD level, which then causes the various 
OD pulses to be distributed by the output computer section. This action sets the circuits 
into operation. Also, the start pulse is sent to the 1,300-pps generator to clear its 
flip-flops at the start of the test. 

If the STOP ON ERROR switch is not engaged, the OR circuit following 
the n;i.aster stop flip-flop has a +lOv level on it at all times. In this case, the enable­
OD-signal level is always present and the Output System is continuously cycling. Under 
this condition the test is always in progress, even while the test word is being entered. 
Therefore, the START CYCLE button has no significance. 

(6) Transfer of Word from Output storage Section to Test Circuit CSR. 

After the test word that has been entered is processed in the normal 
manner by the output control element, it is passed to the selected output storage section. 
The G/ G word is transferred from the output storage section back to the test equipment 
circuits after it leaves the output shift register (OSR) of the selected storage section. 
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A TTY word is not returned to the test equipment circuits, but is passed to a TTY 
monitor. Hence, the discussion that follows applies only to G/G words. 
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Figure 5-8. Test Start Control Circuit (3.1.4), Simplified Logic Diagram 

Since only one word is read into the selected output storage section array, 
the bits. are shifted serially oµt of the OSR at a comparatively slow rate. A data-sample 
level is produced each time a bit of G/ G word is read out of the OSR. As shown in Figure 
5-9, when a bit is read out of the OSR, the.produced data sample level conditions GT's 
1 and 2. The G/G test-data pulse is passed by the conditioned GT 1 and sets the test 
data pulse stretcher flip-flops. The test-data pulse is generated only when a 1 bit is 
read out of the OSR and arrives at time OD 3-13. Since the flip-flop is cleared at OD 1, 
the core prime receives a 5.0 usec pulse for each 1 bit in the test word. The core prime 
then primes the first core in the test core shift register (CSR) for each 1 bit in test 
word. At the same time that GT 1 is conditioned by the data-sample level, GT 2 is also 
conditioned by this level. (See Figure 5-9.) Gate 2 passes the OD 3-13 pulse as an 
enable-high-speed-shift pulse, which sets the 1 side of the test shift control flip-flop 
and also pulses the core shift driver (CSD). The CSD shifts to the second core the bit 
set into the first core by the core prime, and so on down the line. Hence, it can be seen 
that the test shift control flip-flop (and related logic) pulses the CSD of the CSR every 
1/1,300 second, immediately after the core prime is either primed by a 1 bit in the 
test word or left unprimed by a 0 bit in the test word. This priming (or lack of prim­
ing), followed by a shift, continues until the complete test word is serially entered into 
the test. 

(7) Data-Sample Level Generator 

As part of the specific operations performed when making a G/G test, 
TEST switch S50 is set to the G/G position. Naturally, the switch position must agree 
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Figure 5-9. Test Core Shift Control Circuit (3.1.4), Simplified Logic Diagram 

with the section address set into the test word. If G/G is selected, the G/G SELECT 
REGISTER 0-4 pushbutton (S44, Figure 5-10) is depressed the number of times neces­
sary to cause stepper switch Sl to move to the position that corresponds to the register 
address set into the test word. The position of the stepper switch corresponds to the 
interleaving. of the. information in the output channels (slots). Hence, register addresses 
O, 5, 10, 15, and 20 are read out of the OSRat the same time; register addresses 1, 6, 
11, 16, and 21 are read out at the same time, etc. Therefore, the 25 register addresses 
in the G/G storage section are read out in groups of 5 by five different timing pulses, 
which occur at times 5-counter-equals-1 through 5-counter-equals-5. Hence, there must 
be five positions of the stepping switch corresponding to these five timing pulses. These 
positions are 5CSR 1 CORE through 5CSR 5 CORE. Indicator lamps reveal which posi­
tion the switch is in. The stepping switch is set to the position that corresponds to the 
register address set in the test word. 

On the 5 CSR line that corresponds to the register address in the test 
word, a level occurs at the same time that a bit is being read out of the OSR. By having 
relay K2 de-energized and the stepping switch in the correct position, the level is 
passed through K2 as the data-sample level. 
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Figure 5-10. Data-Sample Level Generator (3.1.4), 
Simplified Logic Diagram 

(8) Test-Data Pulse Generator 

As shown in Figure 5-11, when the unit loop test is begun, the unit­
J.oop-on-test signal level is sent to Kl. The closing of this relay connects all G/G 
data lines 1 through 5 to a common output line. The data lines correspond to the channels 
(slots) in each storage section, and the register address of the G/G word corresponds 
to one of the data lines. A pulse is produced on the appropriate data line whenever a 1 
bit in the test word is read out of the OSR. Hence, a pulse appears on the common G/G 
test data line for each 1 bit in the G/G test word, regardless of the register address of 
the word. The appropriate switch (S56 through S60) must be thrown that corresponds 
to the slot which includes the assigned register address. 

(9) Error-Detection AND Circuit 

When the complete test word has been read into the test CSR, a test­
transf er pulse initiates a synchronizing cycle which results in the sampling of each 
core in the register. Each core containing a 1 bit sends a complementing pulse back to 
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a particular flip-flop in the flip-flop register of the· output Drum System. This fiip­
flop would be the corresponding right test word flip-flop into which the bit was originally 
entered. If, in a particular right word flip-flop, the original bit entered was a 1 and the 
complementing bit is (correctly) also a 1, the flip-fiop is complemented with the 0 
side up. If, in a particular right word flip-flop the original bit entered was a 0 and the 
complementing bit is correctly a O, the flip-flop has the 0 side up. However, if the 
original bit is a 1 and the complementing bit is (incorrectly) a O, or if the original bit 
is a 0 and the complementing bit is a 1, the flip-fiop is complemented with the 1 side up. 
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Figure 5-11. Test-Data Pulse Generator (3.1.4), Simplified Logic Diagram 

As shown in Figure 5-12, the 0 side of the 16 right word fiip-fiops of 
the flip-flop register and the 0 side of the output parity bit generator flip-fiops are fed 
to the 68-way AND circuit. If none of these bits has been erroneously changed from 
0 to 1 or from 1 to 0 during the processing through the Output System, the complementing 
of the flip-flops should reset the 0 sides of all the flip-flops. The 68-way AND circuit 
c"onducts. The inverter then blockS any further passage of the signal level. However, 
if one (or more) of the flip-flops is complemented with the 1 side up, which would happen 
if an error occurred intheprocessingofthe test word, the AND circuit would not conduct. 

The inverter then passes a level to the OR circuit which conditions a 
gate. The "0" TEST switch (S49) has been thrown to the G/G position. This passes 
the unit-loop-on-test signal level to a relay (K4) in the unit loop storage section. This 
relay closes and passes a 19-counter-equals-19 pulse, for a G/G word, to the gate 
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Figure 5-12. Error Detection Circuit and Master Stop (3.1.4), Simplified Logic Diagram 

shown in Figure 5-12 as a zero-test pulse. These pulses occur at the end of readout 
time in the respective sections and therefore arrive after the complete processing of 
the test word. If the gate is conditioned as a result of an error in the processing of the 
test word by the Output System, the gate passes the zero-test pulse. This sets the 1 side 
of the master stop flip-flop. Two actions can take place. If the STOP ON ERROR switch 
(S61) has been thrown, the unit-loop-on-test signal level is passed to K6, passing a 
- 30v level to the second OR circuit. As a result, the enable OD-pulse signal level is 
produced only if the O side of the master stop flip-flop is up. Since an error causes 
the 1 side of this flip-flop to be up, the enable OD level is cut off and the test stops. If 
the STOP ON ERROR switch is not thrown, the OR circuit receives a +lOv level instead 
of the -30v level. Therefore, regardless of whether the 68 AND circuit detects an error, 
the enable-OD-pulse level remains up and the test operation cycles continuously without 
stopping. However, neons that are not shown in Figure 5-12 light if a flip-flop is not 
correctly complemented; these neons indicate the presence of an error. 

(10) Optional Operation Control Circuits 

The previous paragraphs described the cyclic mode of operation of the 
test circuits. It was noted that the test word cycles continuously and stops only if the 
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STOP ON ERROR switch is thrown and there is an error in the processing of the test 
word. There are two other possible modes of operation; the single-cycle mode and 
the manual-pulse mode. In the single-cycle mode, the test word makes one complete 
cycle through the system each time the SINGLE CYCLE OUTPUT button is depressed. 
In the manual-pulse mode, the test word completes one step in the loop cycle each 
time the MANUAL PULSE button is depressed. For either of these tests, the STOP ON 
ERROR switch must be engaged to provide a -30v level at the OR circuit following the 
master stop flip-flop. (See Figure 5-12.) If this is not done, the normally present 
+lOv level in this OR circuit will at all times pass an enable OD pulse signal level. 
Under this condition, the single-cycle or manual-pulse test cannot be performed since 
the test word will just keep cycling continuously. 

SINGLE• 
l S CYCLE 

~'.)...· __ .. PG OUTPUT 

ZERO TEST 

SEE FIG ~-12 

0 

START 

- 30V (STOP ON ERROR ENGAGED) 

OR 

UAILE TUT 
~0-0 -PU_L_IE __ EOUIPMt:NT 

U.1.41 

Figure 5-13. Single-Cycle Control Circuit (3.1.4), Simplified Logic Diagram 

(11) Single-Cycle MODE 

As shown in Figure 5-13, when the SINGLE CYCLE OUTPUT button is 
depressed, the single-cycle output pulse generator passes a pulse to the master stop 
flip-flop. This sets the O side of this flip-flop and produces an enable-OD-pulse signal 
level which causes the unit loop cycle to begin. The single- cycle output pulse also sets 
the 1 side of the single- cycle output flip-flop up. This conditions the zero test gate, 
which passes a pulse at 19-counter-equals-19 time, as previously described. This sets 
the master stop flip-flop, which cuts off the enable-OD-signal level. Hence, the Output 
System stops, and one complete cycle of the test word has been made. 

To switch to a continuously cycling mode of operation, the ST ART CYCLE 
pushbutton is depressed. 
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(12) Manual-Pulse Mode 
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The mam,ia.1-pulse mode consists of two distinct phases; the manual-pulse 
1,300-cps mode for G/G and the manual-pulse 91-cps mode for TTY. The two modes 
are very similar. 

If the manual-pulse 1,300-cps mode is selected, the MANUAL PULSE 
CONTROL switch is moved to 1,300. As shown in Figure 5-14, this puts switch S67 in 
position C3 so that, when the pulse generator produces a pulse, it goes to the OD 13 
single- cycle flip-fiop of the OD 13 generator. In the other position of the switch, the 
pulse goes to the OD 91 pulse generator. For either position of S67, the unit-loop-on­
test level is passed to K7 to close it. (See Figure 5-14.) An OD 2-13 pulse is transferred 
through K7 to the OD 13 single-cycle flip-fiop. This pulse also goes to the 1 side of the 
master stop flip-flop to cut off the enable-OD-pulse signal level. 

A +lOv level is passed as the enable-OD pulse to the pulse distributor 
since the enable OD pulse is not produced. (Figure 5-8.) The manual pulse takes the 
place of the enable-OD pulse shown in Figures 5-8 and 5-12 (Figure 5-12). When the 
MANUAL PULSE pushbutton (S3) is depressed, the pulse generator produces a pulse 
which sets the OD 13 single-cycle flip-fiop or OD 91 single-cycle flip-fiop up. 
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The 1,300-cps oscillator turns on the OD 13 start flip-flop (FF 1, Figure 
2-39) and one set of OD pulses (OD 2-13, OD 3-13, and OD 4-13) is generated (Figure 
2-39). The OD 2-13 pulse resets the OD 13 single-cycle flip-flop, and no further pulses 
are passed. Hence, the MANUAL PUI..8E pushbutton allows OD 91 pulses for a TTY 
test or OD 13 pulses for a G/G test to be applied at a controlled rate. Thus, each step 
taken iD the output storage element may be examined for sources of possible errors • 
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Figure 5-15. Test Word Generator (3.1.4), Simplified Logic Diagram 

c. Unit Loop Control, Test Word Generator 

UNIT LOO' 
TUT CONTIOI. 

lll.1.41 

The test-word generator (Figure 5-15) produces a pulse for each 1 bit 
selected for the test word. The test-word pulse is generated in the following manner: 
An OR circuit passes either a 19-counter-equals-1 or a start-search pulse to the test­
word generator flip-flop, depending on whether a G/G or TTY test has been selected. 
The G/G pulses occur at the start of a'readout cycle, and the TTY signal is the start­
search signal which normally goes to the TTY burst counter. The test-word generator 
flip-flop conditions a gate which passes an OD 1 pulse as the pulse which produces 1 
bits iD the selected flip-flop registers of the output control· element. Since during normal 
operations the drum word is entered at time OD 1, the timing of the test word is made 
to agree exactly with the timing of a normal drum word. 

d. Unit Loop storage 

The unit loop storage section is the test CSR previously described. It ac­
cumulates the processed test-word bits from the selected section and register of the 
output storage section. The bits are shifted into the test CSR, which is a series of 17 
tape cores (core shifts) in serial form. At the end of the output storage section readout 
operation, the contents of the core shifts are read out in parallel to complement the 
corresponding flip-flops in the right half of the flip-flop register of the output control 
section, where the test word was originally entered. 
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Since the TTY word is not fed back to the flip-flop register for comparison 
with the original test word but is, instead, sent to a TTY monitor for a visual comparison, 
the unit loop storage discussion applies only to a G/G test word. 

(1) Parallel Readout Control 

When the TEST switch (S50, Figure 5-15) is moved to G/G (the section 
address assigned to the test word), K5 (Figul"e 5-16) is energized. For a G/G test, a 
19-counter-equals-l 7 pulse is selected. This pulse occurs just before the last group 
of like-order bits is read out of the corresponding storage section. (Figure 5-15.) 
Hence, the pulse occurs just before the last bit is read into the first core shifts. 
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Figure 5-16. Parallel Readout Control Circuit (3.1.4), Simplified Logic Diagram 
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At the following OD 2 time, the second flip-flop in the parallel readout 
control circuit is set and remains set until the last bit is received from the output 
storage element. The last bit is read into the core register, and the high-speed shift 
takes place. As the shift pulse is ended, the end-shift signal is gated through the parallel 
readout control circuit to generate the readout pulse. This pulse is carried to the 
parallel readout gates in the core register circuit to effect the transfer of information 
to the flip-flop register for comparison. 

(2) Core Register Circuit 

The core register circuit, shown in Figure 5-17, is a tape-core register 
of 17 core shifts and is similar to the 19-counter in the G/G storage section. The pro­
cessed test-word pulse from the storage register control circuit (Figure 5-9) reads 
the extracted bit into the read-in winding of the first core of the register. (See Figure 
5-17.) This read-in occurs for 5.0 usec between OD 3 and OD 1 times. The shift pulse 
starts at OD 1 with the receipt of the start-high-speed-shift signal from the storage 
register control circuit. (Figure 5-8.) The start-high-speed-shift signaland the end-shift 
signal control the shift flip-flop. This flip-flop supplies the shift pulse to the register. 
The shift pulse lasts 2.5 usec from OD 1 to OD 2. At OD 2 time, following the shift pulse, 
the former content of each core appears at the output line to the gate circuit at the same 
time that the bit is being read into the next core. However, there is no transfer through 
these gates unless they are pulsed by the readout signal. After the last pulse, however, 
the register is full. The readout signal, which comes from the parallel readout control 
circuit at OD 2 time and coincides with the end shift signal, is applied to the parallel 
readout gates, causing the information to be transferred. 

When the TEST switch (S50) in the test-word-generator circuit of the 
unit loop control is in the G/G position, the two relays in the core register circuit 
are energized, causing the data in bits R8 through Rl 5 to· be transferred in unmodified 
form. Thus, in the parallel readout operation, each bit is directed back to the individual 
flip-flop of the OB register from which the bit was originally generated. 

e. Specific Unit Loop Tests 

The preceding paragraphs described the general, common circuitry and 
processes used in making a unit loop test involving the G/G storage section. The para­
graphs that follow describe the particular processes and circuitry unique to that parti­
cular storage section. As has been previously mentioned, the output control element 
functions in the normal manner regardless Of the storage section selected. 

(1) Ground-to-Ground 

The over-all operation of the G/G storage section during a unit loop 
test is essentially the same as during normal operation, except for a number of minor 
variations. Since only one word is read into the storage array, there must be some 
means Of synchronizing the operation of the test CSR with the readout of the output shift 
register of the G/G storage section. In addition, the G/G burst counter must be inhibited. 
Synchronization is accomplished by using the 19-counter-equals-17 pulse to initiate 
transfer on the information stored in the test CSR to complement the flip-flop register, 
using the 19-counter-equals-19 pulse as the zero test, and using the 19-counter-equals-l 
pulse in the test word generator. 
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For a G/G unit loop test, a test word is written into one register in one 
array during the first 19-counter cycle. During the second 19-counter cycle, the test 
word is read out of this array while it is being read into the other array. This results in 
an alternate read-in and readout operation as far as the arrays are concerned. It is 
possible to select one array and to operate it at twice its normal rate while the other 
array is idle; that is, a read-in and readout of the same array will occur during each 
19-counter cycle. 

Test switch S50 selects the storage section and the 19-counter pulses 
used for the G/G unit test. When the TEST switch {S50) is set to the G/G position, it 
passes the unit-loop-on-test signal level as an inhibit signal to the G/G burst counter. 
In addition, the unit-loop-on-test signal level is also sent to a relay in the completed 
message shift register {CMSR) of the G/G output storage section. This action permits 
readout after one word has been read into a slot, rather than after the normal number 
of five words. The output is now taken from the second core rather than from the sixth 
core of the CMSR. 

The register address that corresponds to the address set into the test word 
is set into the data-sample level circuit by means of stepping switch Sl, shown in Figure 
5-10. Not all portions of this switch are shown in this figure, the remaining portions 
being shown in Figure 5-18. As shown in Figure 5-18, bank B of the switch operates 
indicator lamps to indicate the register address selected each time the stepping switch 
is depressed. Bank A of the switch is used to return the stepping switch to the HOME 
position. As seen from Figure 5-18, all the contacts of this bank of the switch are tied 
together except the HOME position. Hence, when G/G HOME pushbutton 843 is de­
pressed, the unit-loop-on-test signal level is passed to the shorted contacts of bank A 
of the stepping switch. This causes the switch to step automatically to the HOME posi­
tion, at which point the signal level is no longer connected. The HOME position is the 
neutral position of the switch. 

{3) Teletype Monitor Test 

During testing, the TTY output storage section functions essentially the 
same as during normal operations. As has been previously described, in the TTY test, 
the test word is not looped back to the test control circuits and the 17-way AND circuit 
for a zero test, but is passed to a monitor where a visual comparison is made between 
the original test word and the processed test word. 

When setting up the test word, the procedure is the same as that pre­
viously described for the G/ G word, except that, for the TTY word, bit RS must be a 1. 
This is necessary to provide the first busy bit. The remaining bits of the right drum 
word are selected to represent desired TTY characters. 

A particular TTY slot must be selected by using the switches on .the 
duplex maintenance console. Since in the TTY storage section there is one slot for each 
register address, the slot selected must agree with the register address set into the 
test word. 

As shown in Figures 5-15 and 5-19, when a TTY storage section test is 
selected, TTY TEST switch S47 is lifted. This passes the unit-loop-on-test signal level 
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to K8. As shown in Figure 5-15, the start-search pulse ls applied to the test word 
generator. This action of transferring the route of the start-search pulse inhibits the 
TTY burst counter, as required. Also, as shown 1n Figure 5-19, the start-search pulse 
turns on the master stop flip-flop, which permits single cycling 1n the TTY test. If an 
error occurs within the TTY storage section, the TTY parity neon will be turned on. 

7. Computer Loop Te.st 

a. General 

The computer loop test 1s a comprehensive check of the input and output 
circuits of AN/FSQ-8 Combat Control Centrals. It tests the operation of the Output 
System, Input System, Drum System, and various parts of the Central Computer System 
itself. During the test, the alignment of the flow of information through the various 
elements of AN/FSQ-8 Combat Control Central closely approximates the alignment 
of information flow in the equipment when it 1s actually processing the air defense 
problem. 

Basically, the output of the G/ G storage section is looped through the test 
equipment section to the crosstell (XTL}· lnput element. Figure 5-20 shows the pa.th of 
information flow. 

The test information or1g1na.tes within the Central· Computer System and 1s 
passed through the OB fields of the Drum System to the Output System. In the Output 
System, the test information passes through the G/G storage section and the test equip­
ment section to the XTL element of the Input System, through the XTL field of the Drum 
System, and back into the Central Computer System for comparison with the original 
test information. 

b. Ground-to-Ground to XTL Input Loop 

In the regular operation of AN/FSQ-8 Combat Control Centrals, the output 
of the G/G storage section is transmitted over telephone to one of the adjacent AN/FSQ-8 
Combat Control Centrals. Information enters the adjacent equipment through the XTL 
input element. The manner in which the information 1s transmitted, therefore, 1s com­
patible with the operation of the XTL input element. 

303 



There are five G/G output channels. Each of these- channels is capable of 
being included in the computer loop test, one at a time. Further, there may be several 
XTL input channels in the XTL input element. Only one such input channel may be 
used at one time in the _computer loop test. 

Therefore, to conduct the test, it is necessary to select one G/G output channel 
and one XTL input channel. The test information is programmed to pass through the 
Output System and must reflect the channel selection in the address part of the informa­
tion. The selection and switching of input and output channels is accomplished manually 
within the computer loop control. Since the information is already compatible, it is 
switched straight through the computer loop control without any modification. However, 
it is necessary to manually disconnect the output channel from the telephone line trans­
mission equipment and the input channel from the telephone line receiving equipment. 
The test information is programmed within the Central Computer System. 

c. Teletype Monitor Test 

A computer loop test may be performed on the TTY storage section. However, 
there is no provision for feeding information from the Output System back to the Central 
Computer. Therefore, a TTY monitor such as is used in the TTY unit loop test is used 
in the TTY computer loop test. 
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Figure 5-21. Computer Loop Test Relaying and Switching, Simplified Block Diagram 
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8. Computer Loop Control 

a. General 

The computer loop control provides some of the circuits for manually switch­
ing test information from the selected G/G output channel to the selected XTL input 
channel. Certain of the switches are included in the Central Computer System. 

To place the OUtput System in a computer loop test, the Central Computer 
must be in the standby status. The MASTER TEST-OPERATE switch on the duplex 
maintenance console and the OUTPUTS TEST-OPERATE switch in the Central Computer 
must be moved to the TEST position. This action supplies relay voltage to the TTY 
channel selection switches and to relay K9LH, as shown in Figure 5-21. The energizing 
of K9. cuts off power from Kl (Figure 5-6), which cuts off any unit loop test in progress. 
Hence, the computer loop test always overrides a unit loop test which may be in progress. 
The energizing of K9 also provides voltage to the G/G to XTL CHANNEL SELECTION 
switch in the Central Computer. This allows the desired channel to be selected and con­
nected to the test bus through the relays in the duplex and test switching of the output 
storage section. 
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Figure 5-22. stop-to-Drums Circuit (3.1.4), 
Simplified Logic Dia.gram 

b. stop to Drums 

As shown in Figure 5-22, when the STOP TO DRUMS switch in the Combat 
Control Central is turned on, K2 is energized. This sends a -30v level as a nonreset-on­
error signal and a +lOv level as a stop-to-drum signal level to the alarm control sec­
tion. As described previously, the -30v nonreset-on-error signal causes the contents of 
the flip-flop register of the output drum section to be retained for inspection if a parity­
NG, an illegal register, or section address alarm is produced during a test. The stop-to­
drums pulse is passed to the Drum System if either of the previously mentioned errors 
occurs. It stops the Drum System and prevents the erasure of the test word so that the 
error can be examined. 

c. Restart to Drum Circuit 

At the completion of a test operation, when the OUTPUTS TEST-OPERATE 
switch is moved to the OPERATE position, thefalling of the test-outputs signal generates 
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a pulse in the restart-to-drums circuit. (See Figure 5-23.) The pulse thus generated 
sets the restart-to-drums-A flip-flop, which is a synchronizing flip-flop. The restart­
to-drums-B flip-flop is set at the following OD 3 time; at OD 1 time, the restart pulse is 
generated. 

The restart pulse is carried to the Drum System and to the parity generator 
of the output control element. This pulse is used in the Drum System to re-enable the 
transfer of the information from the OB drum to the Output System. In the output control 
element, the pulse causes a compare signal to be sent to the Drum System for 100 ms 
but prevents any words from being accepted during the 100-ms interval. This prevents 
any old information in the drums from being transferred and causes any such information 
to be erased from the drums.· The 100-ms period is long enough to allow erasure of all 
three OB drum fields used. The outputs active signal, which arrives when a system is 
changed from standby to in-use, has the same effect as the test-out signal. 
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Figure 5-23. Restart-to-Drums Circuit (3.1.1-2), Simplified Logic Diagram 
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