
















































































































































































4-93 The input filter consists of ClS, Cl6, C2S and L! CR6 
protects against the application of reversed polarity power. U2 
provides a constant 8 volts for the operation of the starting and 
transistor drive circuits. 

4-94 Q2 is the power switching element, and Tl and U2 pro-
vide isolation between the power source and the clock circuits. 

4-9S The supply is started by circuits UlO, Ull and Ul3. 
When applied voltage is sufficient for clock operation (approxi-
mately 10.5 volts), pin 4 of Ul3 goes low and in 11 of UlO goes 
high, and the multivibrator (consisting of Ul0-10, Ull-9, R38 and 
C20) starts to oscillate. The signal labeled STLC* (for starting 
clock) is applied to U8, Q3, and Q4 etc. and turns Q2 on with an 
approximately 20% duty cycle at a rate of about 20 KHz. 

4-96 The energy stored in Tl is transferred to the secondary 
windings, and capacitors CS, C6, C7 and C8 are charged to provide 
operating power for the load and also to the switching regulator 
US. When the voltage across C4 rises to approximately 3.S volts, 
the circuit of US will begin to oscillate with a SO% duty cycle 
signal which is coupled through U7 to Ul0-6 and Ull-5. The 
signal at Ul0-6 is input to the drivers of Q2 and the same signal 
is applied to Ull-S, which sets Ull-7 into a low state each cycle 
of the regulator's output. Ull is re-triggerable and the period 
of R36 and Cl8 is sufficiently long, that while US oscillates, 
the starting clock is continually inhibited. 

4-97 The voltage across C7 will continue to rise until it 
reaches the regulator set-point, approximately S.2S VDC. When 
this voltage is reached, the regulator will reduce the duty-cycle 
of its output waveform to maintain the output voltage at this 
desired value. 

4-98 During trouble-shooting, Rll, which sets the regulator 
output, should never be changed unless it is certain that the 
regulator is working properly. The supply also should never be 
operated without a °load, as normal operation cannot be determined 
under no-load conditions, and damage may result as a result of 
application of over-·vol tage to some components. 

4-99 The current through Q2 is monitored by comparing the 
voltage across R27 with the voltage across the lower portion of 
R26. U6 re-sets U9-l when the current exceeds the value pre-set 
with R-26, interrupting the current through Q2. The next pulse 
from US again sets U9 allowing the drive circuit to again turn Q2 
on. This provides over-current protection to Q2. 

4-100 U4 provides a RESET* signal to the processor with a 
signal which goes high when the 5 voe voltage exceeds about 4.7 
VDC. 

4-101 Ul, U3 and Ul2 are each conventional I.C. regulators 
which provide the -12, -S and +12 volt power to the clock. 
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4-102 

. 4-103 

SOFTWARE 

PROGRAM DESCRIPTION 

4-104 The Model 468-DC program can be divided into three 
broad areas, All, of course, being controlled by the micropro­
cessor on the Assembly 86-42. 

4-105 

1. 

2. 

3. 

Control of the receiver and processing of satellite 
data 

Generation of the various timing outputs 

Communications via an optional interface board 
(RS-232 or IEEE-488) 

RECEIVER CONTROL AND DATA PROCESSING 

4-106 Receiver control can be considered as three levels of 
synchronization: 

Synchronization to the RF carrier 

Synchronization to the 100 Hz data rate 

Synchronization to the transmitted time code 

There is no clean division between synchronization to the time 
code and decoding the time. Each level of sync is contingent on 
the preceed ing levels. A series of state diagrams attempts to 
describe these levels. See FIGURE 4-15 and 4-16. 

4-107 DESCRIPTION OF THE STATE DIAGRAMS 

4-108 The state diagrams present a view of the internal 
states of the program along with the conditions for transitions 
between the states. Also shown are the external effects of the 
internal states. A state definition is represented by informa­
t ion enc 1 o s e d by a 1 in e . The format i s : 

STATE NO. 

STATE NAME 

EXTERNAL EFFECTS 

FIGURE 4-15 STATE DIAGRAM 

Transitions between states are represented by lines connecting 
two states with an arrow indicating the direction of the transi­
ion and with the condition causing the transition indicated 
alongside the line. 
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FIGURE 4-16 

NO DATA 
LOCK FOR 
45 SECONDS 

I 
I 
I 

STATE NO. 17 STATE NO. 39 

______ A_sL_E_E_P-----t--------------~~~1~---A_w_AKE ______ ~ 
LYING IN BED . . LEAP OUT OF BED 

STATE DIAGRAM 

AFTER 
4 SECONDS 
LOSS OF 
RF LOCK 
SIGNAL 

TURN ON 

STATE 0 

RESET 
RESET lST L.O. 
SWEEP 

AFTER 
10 M SECONDS 

STATE 1 

STATE 2 

RF LOCK 
SIGNAL 

TENTATIVE RF LOCK 
SWEEP STOPPED 

DAMPING HIGH 

I 
AFTER 

15 SECONDS 
OF RF LOCK 

STATE 3 

AFTER 
10 M SEC 

STATE 5 
TRY OTHER SATELLIT 
TOGGLE EAST/WEST 

CONTROL LINE 

NO RF LOCK FOR ____ __, 
40 SECONDS 

L ________ _ 
NORMAL RF LOCK 

SWEEP STOPPED 
DAMPING LOW 

FIGURE 4-17 

15 SECONDS 
OF RF LOCK 

AFTER 
0.3 SECONDS 

LOSS OF 
RF LOCK SIGNAL 

STATE 4 

TENTATIVE LOSS 
OF RF LOCK 

SWEEP STOPPED 
DAMPING HIGH 

RF LOCK STATE DIAGRAM 

NO RF LOCK FOR~ 
100 SECONDS 
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!~ - 1 0 9 Norm a 11 y , t he c 1 o ck w i 11 s t a r t at s t a t e 0 and q u i c k 1 y 
pass to state 1. RF lock will be obtained usually in about 20 
seconds, causing a transition to state 2, which allows the RF 
lock loop to stabilize. Fifteen seconds later, state 3 will be 
entered, and normal operation proceeds. 

4-110 The reverse linkages in the diagram are there to re­
cover from problems that may arise; primarily interference by 
land mobile service. The link from state 3 to state 1 prevents 
lock to unmodulated carriers. State 4 facilitates RF lock after 
a short burst of interference. 

FIGURE 4-18 

4-22 

AFTER 
RF LOCK 
STATE 3 

(NORMAL OPERATION) 

STATE 0 

SEEK DATA LOCK 
TIME BASE=COARSE 

OBTAIN DATA LOCK 

STATE 1 

WAIT FOR MLS 
TIME BASE=COARSE 

MLS FOUND 

STATE 2 

NORMAL DATA LOCK 
TIME BASE=FINE 
PHASE DETECTOR=FINE 
VCO CONTROL=LOCK 

AFTER 30 SECONDS OF 
lOOHZ LOCK SIGNAL 

STATE 4 

RF LOCK 
TIME BASE=FINE 

PHASE DETECTOR=COARSE 
VCO CONTROL=LOCK 

NO lOOHZ LOCK SIGNAL 
FOR 1 SECOND 

AFTER 30 SECONDS 
OF lOOHZ LOCK 

STATE 3 

FREEZE VCXO 
TIME BASE=FINE 
VCO CONTROL=FREEZE 

- RF LOCK--_J I 
I 
I 

- LOSS OF RF LOCK .....--...J 

lOOHz DATA LOCK STATE DIAGRAM 



FIGURE 4-19 

TURN ON 

STATE 0 

TIME UNKNOWN 
OUTPUT TIME LOCKED 
TO SATELLITE TIME 
VIA PROPAGATION 
DELAY SWITCHES_, 
DISPLAY OFF 

STATE 1 

2 CONSECUTIVE 
CONSISTENT TIME 
FRAMES 

NORMAL OPERATION 
DISPLAY ON~ 
TIME OUTPUTS VALID, 
OUTPUT TIME LOCKED TO 
SATELLITE TIME VIA 
PROPAGATION DELAY 
SWITCHES 

STATE 2 

LOSS OF 
MLS SYNC 

INDEPENDENT OPERATION 
TIME OUTPUTS VALID, 
POSSIBLE DRIFT FLAGGED, 
OUTPUT TIME ISOLATED 
FROM SATELLITE TIME 

STATE 3 

MLS 
RECOGNIZED 

,, 
R.ESYNC 

TIME OUTPUTS VALID~ 
DRIFT FLAGGED, 
SECONDS DOWN LOCKED TO 
SATELLITE TIME VIA 
PROPAGATION DELAY 
SWITCHES 

4 CONSECUTIVE 
CONSISTENT TIME 
FRAMES 

FRAME SYNC CONTROL STATE DIAGRAM 

4-111 Understanding of FIGURE 4-18 and 4-19 will be facili­
tated by reference to FIGURE 4-20, which is a description of the 
format of the satellite signal. 
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4-112 State 0 is entered a few seconds after normal RF lock 
is attained. The detection of MLS is an almost certain indica­
tion that lock to a functioning satellite has been obtained. 
There is no return to state 1, so the coarse timebase will not be 
used again. 

4-113 When interference causes loss of lock during normal 
operation, state 3 is entered, freezing the timebase oscillator 
at its present frequency (or switching to an external timebase if 
one is provided). State 4 permits re-lock to the data after 
protracted loss of data lock has caused the timebase to drift out 
of the.acquisition range of the fine data phase detector. 

4-114 In state 0 at turn-on, "output time" commences from 
zero, indicating elapsed time, but is not displayed on the front 
panel. When two successive time frames agree, this time replaces 
the elapsed time, the time quality flags are brought low, and the 
display comes on. 

LOSS OF 
RF LOCK 
SIGNAL 
FOR 2 MINUTES 

TURN ON 

STATE 0 

NO SATELLITE 
BOTH OFF 

READ LEGAL 
SATELLITE 
LONGITUDE 

07X0 OR 13X0 

STATE 1 

NORMAL OPERATION 
LIGHT RESPECTIVE 
LED 

STATE 2 

READ LEGAL 
SATELLITE 
LONGITUDE 

STANDBY SATELLITE 
BLINK MOST 
LIKELY LED 

FIGURE 4-21 SATELLITE LED STATE DIAGRAM 

LOSS OF 
RF LOCK 
SIGNAL 
FOR 2 
MINUTES 

READ TIME 
WITHOUT READING 
LEGAL SATELLITE 
LONGITUDE 
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4-115 If satellite signal is lost, output time continues to 
update via the internal (or external) timebase. Meanwhile, the 
clock searches for the satellite signal and re-syncs to it with­
out affecting the output time. This independence is achieved by 
not applying the propagation delay correction while in mode 2 
unless the switch setting is changed. Since the timebase oscil­
lator must still gain phaselock with the data, a slow drift of up 
to five milliseconds can occur during this time. 

4-116 Once data lock is re-established, no further adjust­
ments to the output time will occur until four (4) consecutive 
frames agree. At this point, the time quality flags go low and a 
time jump of an integral number of milliseconds can occur, to 
bring output time in sync with the new frame. Re-sync to the time 
frame requires four consistant frames to reduce the probability 
of incorrect time during adverse conditions. 

4-117 The satellite LEDS are controlled by the received sat­
ellite longitude data. A position between 70 and 79 degrees west 
will light the east LED, while 130 to 139 degrees west lights the 
west LED. 

4-118 A blinking LED indicates time lock without a legal 
longitude. The most common cause of this condition is reception 
of the back-up satellite at 105 degrees west during problems with 
one of the ma in satellites. East or west bl inking merely ind i­
cates which sweep the processor is attempting; if the manual 
override switch on the analog board is in effect, no significance 
attaches to which of the two LEDs is blinking. 

4-119 

4-120 

TIMING OUTPUTS 

The timing outputs under software control are: 
One Hertz 
Slow Code 
60 Hertz 
IRIG-B 
IRIG-H 

4-121 One Hertz,the Slow Code, and 60 Hertz are all present 
beginning at power on. The IRIG time code outputs start after 
NBS time has been acquired. The IRIG-B time code transitions are 
within 40 microseconds of the data clock, the other outputs may 
lag by up to 300 microseconds. This difference arises from the 
fact that the IRIG-B output is pre-computed and output immediate­
ly after the data clock interrupt occurs, while the others are 
output as they are computed during the interrupt service. 

4-122 Operation of the communications options, RS-232C and 
IEEE-488 are described separately. The program controlling these 
options runs with lowest priority on the 1 KHz interrupt, so 
there may be up to 300 microseconds jitter in these outputs. 
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SECTION V 

MAINTENANCE AND TROUBLESHOOTING 

5=1 MAINTENANCE - MODEL 468-DC 

5-2 Equipment needed: 
1. RF Sweep Generator ... HP8601A or equivalent 
2. Oscilloscope ......... ! MHz or greater bandwidth 
3. Digital voltmeter .... Greater than 10 Meg. input 

impedance 
4. Frequency counter .... Fluke 1900A or equivalent 
5. Spectrum analyzer .... HP 8558B/182T or equivalent 

5-3 The Model 468-DC has been designed to provide mainte­
nance free operation. The main instrument contains only seven 
adjustments, most of which will never require resetting. They 
are: 

1. Third IF trim, a ceramic trimmer capacitor on 
Assembly 86-73, C9 

2. Data symmetry, a trimpot on Assembly 86-74, R45 
3. East sweep trim, a trimpot on Assembly 86-74, R38 
4. West sweep trim, a trimpot on Assembly 86-74, R37 
5. 10 MHz fine timebase trim, a trimpot on Assembly 

86-74, Rl7 
6. 1 MHz coarse timebase trim, a tunable coil on 

Assembly 86-74, Ll 
7. First L.O. peaking, a tunable coil on Assembly 86-

7 4, Tl 

5-4 THIRD I.F. TRIM - ASSEMBLY 86-73 

5-5 The sweep generator and the scope are needed for this 
adjustment which sets the third intermediate frequency to the 
center of the passband of the 4.5 MHz crystal filter Tl, Yl, Y2, 
etc. 

5-6 Connect the sweeper RF output through a blocking capac­
itor (0.1 UF) to the antenna input BNC. Set up the scope so the 
sweep output gives full scale horizontal deflection connecting 
the X axis to the sweep output, and 2V to 5V gives full vertical 
deflection. Connect the scope vertical input to TP3 on Assembly 
86-74, the Analog Board. Set the sweeper to 4.500 MHz, 10 kHz 
sweep width, about 5 sweeps per second sweep rate, and -40 dbm 
output level. A faster sweep rate will distort the picture. 

5-7 The display should appear as in FIGURE 5-1. The zero 
beat must occur in the center of the filter passband. If the 
zero beat is outside the -3 db points, C9 on Assembly 86-73 must 
be adjusted to bring it back into the center. This adjustment 
also affects receiver delay by up to 100 microseconds. 
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FIGURE- 5-1 THIRD LOCAL OSCILLATOR ADJUSTMENT 

5-8 DATA SYMMETRY ADJUSTMENT - ASSEMBLY 86-74 

5-9 To adjust data symmetry, R45, the clock must be locked 
to a satellite. Connect the voltmeter to TP3, on Assembly 86-74 
(see SECTION VI). A 6 second low pass is helpful for this ad­
justment. The FIGURE 4-23 shows the low pass filter which can be 
used. Adjust R45 (Assembly 86-74) for 0+0.2V. This adjustment 
also affects receiver delay up to 100 microseconds. 

2.2M 
TO TP3 ,.. ... ____ _,,VV\J-----11----~~ TO VOLTMETER 

J 3. 3µF 

-
FIGURE 5-2 LOW PASS FILTER 

5-10 EAST SWEEP TRIM - ASSEMBLY 86-74 

5-11 Connect the frequency counter to the antenna input BNC 
(after removing the sweeper). Ground TP6 on the Analog Board 
( As s em b 1 y 8 6 - 7 4) and s e 1 e c t t he Ea s t Sa t e 11 i t e w i th S 2 ( 1 ab e 1 e d 
"E"). Adjust R38, the center of the three-in-a-row trimpots, for 
a frequency of 18,643,400 +50 Hz. See SECTION VI, Assembly 86-
74, for parts location of TP6, R38 and S2. 
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5-12 WEST SWEEP TRIM - ASSEMBLY 86-74 

5-13 Select the west sweep with Sl (labelled "W") and adjust 
R37 for a frequency of 18,642,650 ~50 Hz. 

5-14 10 MHz FINE TIMEBASE TRIM, ASSEMBLY 86-74. 

5-15 Ground TP8, attach the counter to TP12. Adjust Rl7 for 
10,000,000 +10 Hz (1 PPM). See SECTION VI, Assembly 86-74, for 
parts locat1on. 

5-16 1 MHz COARSE TIMEBASE, ASSEMBLY 86-74. 

5-17 Ground the coarse oscillator control voltage at TP13. 
Connect the counter TPll. Adjust Ll (the shield can nearer the 
front of the instrument) for 1.000 MHz ~0.001 MHz. 

5-18 FIRST LOCAL OSCILLATOR PEAKING, ASSEMBLY 86-74. 

5-19 If a spectrum analyzer covering 18-40 MHz with 50 Ohm 
AC coupled input is available, see two sections below. 

5-20 Connect the spectrum analyzer to the antenna input BNC 
connector. Tune Tl (the can near the back of the instrument) to 
minimize 37.3 MHz output while maximizing the 18.64 MHz output. 
The 18.64 MHz component will be about +15 dbm, the 37.3 MHz 
component about -15 dbm. 

5-21 If no analyzer is available, make a dummy load using a 
50 Ohm resister in series with a 0.1 micro F capacitor (see 
FIGURE 5-4). Connect this load to the antenna input BNC. Look 
at TPl with a scope capable of responding to 20 MHz and tune Tl 
for maximum output. 

FIGURE 5-3 

REAR PANEL 
ANTENNA BNC 0. lµF 

50 OHM DUMMY LOAD 

TO SCOPE 
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5-22 TROUBLESHOOTING 

5-23 No exhaustive troubleshooting tree has been prepared. 
It is believed that a more effective approach is to give some 
hopefully useful hints to be used in conjunction with the "Theory 
of Operation" section. The circuitry in the instrument. is rela­
tively straightforward. Interaction with the program may vary 
with the options supplied. Therefore, in case of trouble: 

5-24 First, make sure that suitable power is supplied to the 
instrument (fuse, switch). 

5-25 Second, verify that an antenna is connected and that it 
has a relatively clear view of a satellite. (Trees can obstruct 
the s i g n a 1 , as w i 11 bu i 1 d in gs) . A DC v o 1 t meter sh o u 1 d read 
approximately +12V at the antenna end of the lead-in coax. 

5-26 In some locations, land-mobile service interference on 
the west satellite frequency greatly delays time acquisition. 
Try the east. 

5-27 When the clock is first turned on, the colons should 
blink; on one second, off one second, etc. If they don't, the 
program is probably not running. Take the cover off. Check that 
all connectors inside are making proper contact. With no anten­
na, both unlock LED'S on the analog board should be lit. 

5-28 At this point, check all ten power supply voltages: 

On the digital board ... +5V,-5V, +12V, -12V. 

On the analog board 

On the display board 

+12V, +8V, two +5V, one -6V. 

+180V (Red Wire). 

5-29 If the processor board is running, as evidenced by 
if not, see next blinking colons, check further in this section, 

paragraph. 

5-30 Check for 1 KHz interrupt at U4 (pin 19) on the proces­
sor board. If none present, look for trouble in the timing chain 
on the analog board. 

5-31 Check that the processor clock at Ul pin 38 is 5.0 MHz 
and that Ul pin 37 is 1.24 MHz. 

5-32 Check that reset (pin 40) is low for a fraction of a 
second at turn-on, then goes cleanly high and stays high. 

5-33 
ets. 

5-4 

Remove and re-insert the socketed chips in their sock-



V1 
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V1 

+12V MND 
OF R48 

SINK OF 
Ul 

+8V END 
OF R4 

-6V Ul~ 

PIN 11 

FIGURE 5-4 VOLTAGE TEST POINT LOCATIONS - MODEL 468-DC 



5-34 Check for the presence of the 1st local oscillator 
sweep voltage on TP6 of the analog board. This should be a 
slowly ramping DC voltage which begins at approximately -3.Sv and 
ramps to approximately 4.0v. The period should be 40 seconds. 

5-35 If the program is running, but no time comes on the 
display after a few minutes, look at or listen to J2 on the 
analog board. 

5-36 At turn-on, there should be a few volts of audible 
noise present. You can easily see/hear the satellite signal as 
the receiver sweeps to it and locks. A marginally weak signal is 
hard to discern on the scope but easily audible op the speaker. 
A cassette tape of typical signal and interference conditions 
(with earphone) is available from the factory for this checkout. 
Contact Kinemetrics/TrueTime directly for this tape and earphone 
set~ If no signal is present, there is probably a problem in the 
antenna. If a strong signal is observed, the antenna is OK and 
the problem is probably on the analog board (see paragraph later 
in this section). 

5-37 If the antenna appears to be malfunctioning, and you 
don't want to return it to the factory, it is possible to open 
and check it. To open the antenna, cut the silicone rubber seal 
around the edge of the plastic bubble, pry off the bubble and 
take the flat plate antenna off the metal box, too. You should 
be looking at the 86-170 board. 

5-38 If the green LED is lit and the red LED is not, the 86-
70/71 board is probably OK. Also, if no noise was apparent at 
the TP3 on the analog board, the problem is likely in the I.F. 
amplifier, QB thru Ql2. 

5-39 Use of an RF sweeper greatly eases diagnosis and treat­
ment of the I.F. board. Inject 21.4 MHz at the mixer I.F. port 
(end of RS nearest the mixer). Locate R56 and ground the end 
which is nearest the center of the board. This is the AGC line. 

5-40 Set the sweep width to 100 KHz and set the level to -37 
dbm (3mv). You should get a rectangular passband 13 KHz wide 
at about 300 mv p-p when observing the drain of Q9 (end of R49 
nearest edge of board) using a xlO scope probe. 

5-41 If that's ok,move the scope probe to the drain of QlO. 
Here you should get a similiar passband and about 2 volts p-p 
amplitude with an input of -47 dbm (1 mv). If the second L.O. 
isn't running, no signal will be observed here. 

5-42 Check the last two 4.5 MHz stages by looking at the 
drain of Ql2. Here you should see about 2 volts p-p with an 
input of -97 dbm (3uv). 

5-43 Remove the AGC ground. If the AGC and the control gates 
of the dual-gate mosfets are operating properly, you should see 
about 15 volts p-p of noise at the drain of Ql2. 
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5 - 4 4 I f the pr ob 1 em i s in L. 0 .m u 1 t i p 1 i er , r e fer enc e to the 
voltage chart, FIGURE 5-5, may prove useful. If proper operation 
cannot be obtained by replacing a defective transistor, it is 
recommended that the unit be returned to the factory for repair; 
since tuning of the UHF circuits is critical and inter-active. 
To use FIGURE 5-5. it is necessary to disable ALC on the multi­
plier chain. Do this by grounding TP2. 

MEASUREMENT POINT 

TP3 
TP4 
TP5 
TP6 
Q1 Collector 
TPl 

Supply Volts = 12.0 
, 0 £ I_ -TT- T - -- - ... - I , "l ..l L.­
i o. oq nn~ L~V~~ ~ TiLUUW 

VOLTAGE 

0.5v 
0.5v 
0.8v 
0.8v 
7.lv 
0.4v 

FIGURE 5-5 ASSEMBLY 86-71 VOLTAGE CHART 

TOLERANCE 

O.lv 
O. lv 
0.2v 
0.2v 
0.4v 
O. lv 

5-45 To continue, you will need the sweeper and spectrum 
analyzer. 

5-46 Inject 18.64 MHz, sweep width 1 MHz, level 0 dbm into 
the multiplier input. Check the input high pass and bandpass 
filters by observing the base of Q3. You should see a peaked 
response at 18.64 MHz with a bandwidth (-6 db points) of approx. 
1 MHz. Next look successively at the emitter current test points 
for the multiplier stages. Adjust each stage for widest peak 
of emitter current in the succeeding stage. Then adjust the 447 
MHz helical filters for widest leveled response at TP8. Use of a 
spectrum analyzer will aid in avoiding the possibility of spuri­
ous responses. 

5-47 Troubles on the detector board, Assembly 86-73, will 
show up as loss of signal going one direction or the other, and 
as mistuning of the third L.O., covered under "Maintenance". 

5-48 Troubles on the analog board generally are due to op­
amp outputs being stuck high or low, or analog switches latching 
up or leaking excessively. These kinds of problems can often be 
isolated by feeling the IC's for hot ones and by looking for 
stuck op-amp outputs with inputs inconsistent with the output 
state. Refer also to the "Theory of Operation" section for 
description of proper waveforms on the test points. 
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5-49 TROUBLESHOOTING THE EXTERNAL OSCILLATOR (OPTION) 

5-50 If 0500 won't light when the external oscillator is 
connected, look at U7 (pin 9). You should see approximate TTL 
levels at half frequency. If 0500 lights, but the clock doesn't 
appear to lock to the external oscillator when the antenna is 
pulled, check for drift between the waveforms at U7 (pin 3), 10 
KHz, and U7 (pin 8), ext/2. Also check that U3 (pins 5 and 12) 
both go high. 

5-51 TROUBLESHOOTING THE D.C. SUPPLY (OPTION) 

5-52 See SECTION IV, entitled D.C. POWER INPUT (Option). 
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SECTION VI 

SCHEMATICS AND PARTS LIST 

MODEL 468-DC 
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°' °' Ull!HE'lRI~/ mHIE'IRI~/ 
I I 'DUETIME 'llUETD£ 
~ w SYtBX. PART tUEER. IEnUPTIClf SYtBX. PART tUEER. ~PTIClt 

PCB B5-170 468MS MK I I PCB C61 36-B3 Cap., fot>nolithic .OluF 
Cl 36-33 Cap., fot>nolithic lOOpF C62 36-44 Cap., fot>nolithic 270pF 
C2 36-50 Cap., fot>oolithic 470pF C63 36-B3 Cap., fot>nolithic .OluF 

en C3 36-SB Cap., fot>nolithic .OOlpF C64 36-B3 Cap., fot>nolithic .OluF 
ti< C4 36-16 Cap., fot>nolithic 22pF C65 36-B3 Cap., fot>nolithic .OluF 
3: cs 36-41 Cap., fot>nolithic 220pF C66 36-B3 Cap., tot>nolithic .OluF 

"' C6 36-50 Cap., fot>nolithic 470~>F C67 36-44 Cap., tot>nolithic 270pF 
0 C7 36-5B Cap., fot>nolithic .00 uF C6B 36-B3 Cap., fot>nolithic .OluF 
l:""I CB 36-5B Cap., fot>nolithic .OOluF C69 36-B3 Cap., fot>nolithic .OluF 

C9 36-SB Cap., fot>nolithic .OOluF C70 36-B3 Cap., fot>nolithic .OluF 

c ClO 36-39 Cap., fot>nolithic 180pF C71 36-B3 Cap., tot>nolithic .OluF 
~ Cll 36-33 Cap., fot>nolithic lOOpF C72 NJT USED 
en Cl2 36-39 Cap., !i::>nolithic 180pF C73 36-B3 Cap., fot>nolithic .OluF 
...... Cl3 36-50 Cap., !i::>nolithic 470pF C74 36-41 Cap., fot>nolithic 220pF 
c:i Cl4 36-24 Cap., !i::>nolithic 47pF C75 36-B3 Cap., !i::>nolithic .OluF 

~ 
Cl5 36-01 Cap., !i::>nolithic l.OpF C76 36-B3 Cap., !i::>nolithic .OluF 
Cl6 36-24 Cap., fot>nolithic 47pF C77 36-54 Cap., fot>nolithic 6BOpF 

t-1 Cl7 36-35 Cap., !i::>nolithic 120pF C7B 36-B3 Cap., !i::>nolithic .OluF 
...... CIB 36-12 Cap., !i::>nolithic 12pF C79 36-95 Cap., !i::>nolithic • luF 
0 Cl9 36-SB Cap., !i::>nolithic .OOluF C80 36-95 Cap., !i::>nolithic . luF 

!2 C20 36-5B Cap., !i::>nolithic .OOluF CBI 36-33 Cap., !i::>nolithic lOOpF 
C21 36-01 Cap., !i::>nolithic l.OpF CB2 36-54 Cap., !i::>nolithic 680pF 

~ C22 36-16 Ca!J., !i::>nolithic 22pF CB3 36-33 Cap., fot>nolithic lOOpF 
C23 36-37 Cap., !i::>nolithic 150pF C84 36-B3 Cap., fot>nolithic .OluF 

l'Tj C24 36-0B Cap., !i::>nolithic 8.2pF CBS 36-B3 Cap., !i::>nolithic .OluF 
~ C25 36-33 Cap., !i::>nolithic lOOpF 

~ C26 36-01 Cap., fot>nolithic 1. OpF 
C27 36-50 Cap., !i::>nolithic 470pF CRl 57-50B2-2BOO Diode, Sch., H.P. 50B2-2800 

!2 C2B 36-10 Cap., !i::>nolithic lOpF CR2 NJT USED 
C"'l C29 36-29 Cap., !i::>nolithic 6BpF CR3 35-B Diode, Varicap, 2112 
~ C30 36-0B Cap., !i::>nolithic B.2pF CR4 57-50B2-2BOO Diode, Sch., H.P. 50B2-2800 

C31 36-33 Cap., !i::>nolithic lOOpF CR5 57-50B2-2800 Diode, Sch., H.P. 50B2-2BOO 
cc C32 36-50 Cap., !i::>nolithic 470pF 

°' C33 36-01 Cap., !i::>nolithic 1. OpF 
I C34 36-16 Cap., !i::>nolithic 22pF 001 SB-5 I.ED, Red, MV5053 .... C35 36-16 Cap., !i::>nolithic 22pF 002 SB-1 I.ED, Green, MV5253 

.....i C36 36-41 Cap., fot>nolithic 220pF 
0 C37 36-33 Cap., !i::>nol ithic lOOpF FLl 342-3 Filter, Hex. 468MHz 

C3B 36-33 Cap., !i::>nolithic lOOpF FL2 342-3 Filter, Hex. 468MHz 
C39 36-41 Cap., !i::>nol ithic 220pF FL3 342-3 Filter, Hex. 468MHz 
C40 36-33 ~p., !i::>nolithic lODpF FL4 342-4 Filter, Hex. 447MHz 
C41 36-41 Cap., !i::>nolithic 220pF FLS 342-4 Filter, Hex. 447MHz 
C42 36-33 Cap., !t:>nolithic lOOpF 
C43 36-B3 Cap., !i::>nolithic • OluF 
C44 36-16 Cap., !t:>nolithic 22pF Jl 381-lA Connector, SMA, Flange Mt. 
C45 36-08 Cap., !i::>nolithic B. 2pF 
C46 36-16 Cap., !i::>nolithic 22pF 
C47 36-SB Cap., !i::>nolithic .OOluF Ll 45-.33 Choke, RF, • 33uH, Molded 
C4B 36-SB Cap., !i::>nolithic .OOluF L2 45-.33 Choke, RF, .33uH, Molded 
C49 36-5B Cap., !i::>nolithic .OOluF L3 45-1.5 Coil, 1. 5uH, Var • 
C50 36-08 Cap., !i::>nolithic 8.2pF L4 45-1. 5 Coil, 1.SuH, Var. 
C51 36-5B Cap., !i::>nolithic • OOluF LS 45-.363 Coil, 363nH, Var., 9-1/2 Turns 
C52 36-B3 Cap., !i::>nolithic .OluF L6 45-.363 Coil, 363nH, Var., 9-1/2 Turns 
C53 36-58 Cap., !i::>nolithic .OOluF L7 45-.33 Choke, RF, . 33uH, Molded 
C54 36-SB Cap., lt:>nolithic .OOluF L8 45-.197 Coil, 197nH, Var., 5-1/2 Turns 
css 36-B3 Cap., !t:>nolithic .OluF L9 45-.197 Coil, 197nH, Var., 5-1/2 Turns 
C56 36-16 Cap., !t:>nolithic 22pF LIO 45-.33 Choke, RF, .33uH, !t:>lded 
C57 36-08 Cap., !t:>nolithic B.2pF Lll 45-.06 Coil, 60nH, Var., 1-1/2 Turns 
C5B 36-16 Cap., !t:>nolithic 22pF Ll2 45-.06 Coil, 60nH, Var., 1-1/2 Turns 
C59 36-5B Cap., lt:>nolithic .OOluF L13 45-.33 Clioke, RF, . 33uH, Molded 
C60 36-83 Cap., lt:>nolithic .OluF Ll4 45-.22 Clioke, • 22uH, RF, !t:>lded 



O"\ 1CnetE1RICS/ KIIDtE'IRICS/ 
I TRIETIHE 'JRIETIHE 
w ~ PART R.1HR JE.CDUPTIClf SYfollOl. PART R.IHR IF.SaUPTIClf 

Ll5 45-.047 Choke, 47nH, RF, Molded R28 02-59 Resistor, 270 otms 
Ll6 45-.075 Coil, 75nH, Core Removed R29 02-113 Resistor, 47K 
Ll7 45-1. 5 Coil, l.5uH, Var. R30 02-97 Resistor, lOK 

en Ll8 45-1. s Coil, l.5uH, Var. R31 02-49 Resistor, 100 ol-ms 
.-< Ll9 45-1. 5 Coil, 1. 5uH, Var • R32 02-56 Resistor, 200 ohns 
:z L20 45-1. 5 Coil, 1. 5uH, Var. R33 OOT USED 

= L21 45-1.5 Coil, 1. 5uH, Var. R34 NJr USED 
0 L22 See "'r' Section R35 02-49 Resistor, 100 ol-ms 
t""" L23 See "'r' Sect ion R36 02-42 Resistor, 51 ohns 

L24 45-3.3 Coil, 3.3uH, RF, t-blded R38 02-49 Resistor, 100 ol-ms 
c L25 45-3.3 Coil, 3.3uH, RF, Molded R37 02-77 Resistor, l.5K 
~ I.26 45-3.3 Coil, 3.3uH, RF, t-blded R39 02-145 Resistor, IM 
tll L27 45-3.3 Coil, 3.3uH, RF, Molded R40 02-77 Resistor, l.5K 
to-I 1.28 41-0 Ferrite Bead (For Q8) R41 roT USED 
~ L29 41-0 Ferrite Bead (For Q9) R42 02-145 Resistor, lM 

~ L30 41-0 Ferrite Bead (For Ql2) R43 02-49 Resistor, 100 ohns 
R44 02-59 Resistor, 270 ohns .... Ml 50-1 Mixer, 1-500 MHz, SBL-1 R45 02-83 Resistor, 2. 7K 

to-I R46 02-145 Resistor, lM 
0 R47 02-49 Resistor, 100 ohns 
2: Ql 175-901 Transistor, H.F., NPN, MRF901 R48 02-59 Resistor, 270 ohns 

Q2 175-309 Transistor, JFET, T0-92,J309 R49 02-77 Resistor, 1. SK 

~ Q3 175-5179 Transistor, NPN, T0-7.2, 2N5179 RSO 02-77 Resistor, 1. SK 
Q4 175-5179 Transistor, NPN, T0-72, 2N5179 RSI 02-121 Resistor, lOOK 

~ Q5 175-5179 Transistor, NPN, T0-7.2, 2N5179 R52 02-145 Resistor, IM 
~ Q6 175-6304 Transistor, High Freq., NPN, 2N6304 R53 02-49 Resistor, 100 otms 

~ Q7 175-901 Transistor, H.F., NPN, MRF901 R54 02-59 Resistor, 270 ohns 
Q8 175-211 Transistor, MOSFET, T0-72, 3N211 RS5 02-121 Resistor, lOOK 

~ Q9 175-211 Transistor, t-U>FET, T0-72, 3N211 RS6 02-145 Resistor, IM 
QlO 175-211 Transistor, MOSFET, T0-72, 3N211 RS7 02-49 Resistor, 100 ohns 

~ Qll 175-211 Tr ans i st or , t-U>FET, T0-72, 3N211 R58 02-S9 Resistor, 270 ol-ms 
Ql2 17S-211 Transistor, MOSFET, ID-72, 3N211 RS9 02-121 Resistor, lOOK 

00 Ql3 175-2369 Transistor, Sw., NPN,T0-92, MPS2369 R60 02-145 Resistor, lM 
O"\ ALL RESISTCRS 1/4 WA'IT, +5% CARBON CCMP. UNLESS Ol'HERWISE OOTED. R61 02-145 Resistor, lM 
I Rl 02-8S Resistor, 3.3K R62 02-S9 Resistor, 270 ol-ms ,..... R2 02-73 Resistor, lK R63 02-121 Resistor, lOOK ...., R3 02-56 Resistor, 200 otms R64 02-121 Resistor, lOOK 

0 R4 02-65 Resistor, 470 ohns R65 02-97 Resistor, lOK 
RS 02-73 Resistor, lK R66 NJr USED 
R6 02-73 Resistor, lK R67 02-121 Resistor, lOOK ,..... R7 02-8S Resistor, 3. 3K R68 02-73 Resistor, lK 

n R8 02-121 Resistor, lOOK R69 02-121 Resistor, lOOK 
0 R9 02-69 Resistor, 680 otms R70 02-121 Resistor, lOOK 
0 RlO 02-121 Resistor, lOOK R71 02-145 Resistor, lM 
rt Rll 02-99 Resistor, 12K R72 20-7 Potentianeter, lOOK 

• R12 02-73 Resistor, lK ......, Rl3 02-56 Resistor, 200 otms 
Rl4 02-104 Resistor, 20K Tl 52-4 Tr ans former , 4uH, l1.5 MHz 
RlS 02-121 Resistor, lOOK L22 52-4 Transformer, 4uH, l1.5 MHz 
Rl6 02-108 Resistor, 30K L23 52-4 Tr ans former , 4uH, L1.5 MHz 
Rl7 02-99 Resistor, 12K 
Rl8 02-118 Resistor, 7SK 
Rl9 02-73 Resistor, lK Ul 176-324 I.C.' Op. hnp. , LM324 
R20 02-113 Resistor, 47K U2 176-7808 I.C.' Reg. , LM7 808 
R21 02-97 Resistor, Hl< 

°' 
R22 02-59 Resistor, 270 otms 

I 
R23 02-113 Resistor, 47K Yl S9-21400 Crystal, t-bnol ithic:, Filter, 21.4 MHz 

VI R24 02-97 Resistor, lOK Y2 59-21400 Crystal, t-bnol ithic:, Filter, 21.4 MHx 
R25 02-59 Resistor, 270 otms Y3 59-21400 Crystal, t-t>nolithic, Filter, 21.4 MHz 
R26 02-113 Resistor, 47K Y4 59-21400 Crystal, Monolithic:, Filter, 21.4 MHz 
R27 02-97 Resistor, lCl< Y5 59-25900 Crystal, Osc., 2S.9 MHz 
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6-5 SYMBOL DESIGNATION REFERENCE 86-173 

KINEHETRICS/ 
TRUE Tl HE 

SYMBOL PART NUMBER DESCRIPTION 

Cl 
C2 
C3 
C4 
cs 
FLl 
FL2 
FL3 

Jl 
J2 

PCB 

Ql 

Rl 
R2 
R3 
R4 

36-33 
36-50 
36-58 
36-33 
36-41 

342-3 
342-3 
342-3 

381-lA 
381-lA 

85-170 

175-901 

Cap., Monolithic, lOOpF 
Cap., Monolithic, 470pF 
Cap., Monolithic, .lOOpF 
Cap., Monolithic, lOOpF 
Cap., Monolithic, 220pF 

Filter, Hex. 468 MHz 
Filter, Hex. 468 MHz 
Filter, Hex. 468 MHz 

Connector, Receptacle 
Connector, Receptacle 

468 MHz Pre-Amp PCB Fab. 

Transistor, MRF 901 

ALL RESISTORS 1/4 WATT, +5% CARBON 
COMP. UNLESS OTHERWISE NOTED. 

2-85 
2-73 
2-56 
2-65 

Res st or, 3. 3K 
Res star, lK 
Res star, 200 ohm 
Res star, 470 ohm 
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00 

6-7 

6-8 

SYMBOL 

Cl 
C2 
C3 
C4 
cs 
C6 
C7 
cs 
C9 
ClO 
Cll 

JPR 

Ll 
L2 
L3 
L4 

PCB 

Ql 
Q2 

PARTS LOCATION - ASSEMBLY 86-73 

SYMBOL DESIGNATION REFERENCE 86-73 

IINEMETRICS/ DESCRIPTION SYMBOL UNEMETRICS/ DESCRIPTION 
TltlJETIRE TIOETtRE 

PART ROARER PART RDABER 

36-9S Cap., Monolithic .luF ALL RESISTORS 1/4 Watt, ,:!:S% CARBON COMP. 
29-39 Cap., Dipped Mica 180pF UNLESS OTHERWISE NOTED. 
29-39 Cap., Dipped Mica lSOpF 
29-S4 Cap., Dipped Mica 6SOpF Rl 2-33 Resistor, 22 ohm 
36-9S Cap. , Monolithic .luF R2 2-49 Resistor, 100 ohm 

SELECT AT TEST R3 2-33 Resistor, 22 ohm 
36-9S Cap., Monolithic .luF R4 2-73 Resistor, lK 
36-9S Cap., Monolithic .luF RS 2-S9 Resistor, 4.7K 
33-60 Cap. Cer. Var. lS-60bF R6 2-S9 Resistor, 4.7K 
29-30 Cap., Dipped Mica lS pF R7 2-113 Resistor, 47K 
29-33 Cap., Dipped Mica lOOpF RS 2-113 Resistor, 47K 

R9 2-79 Resistor, 1.8K 
387-12 "Flexstrip" Jumper, 12 Pin RlO 2-69 Resistor, 680 ohm 

Rll 2-69 Resistor, 6SO ohm 
43-2 Coil Assembly (42-40) Rl2 2-106 Resistor, 24K 
43-2 Coil Assembly (42-40) Rl3 2-106 Resistor, 24K 
43-3 Coil Assembly (42-38) Rl4 2-S9 Resistor, 4.7K 
43-2 Coil Assembly (42-3S) RIS 2-89 Resistor, 4.7K 

Rl6 2-106 Resistor, 24K 
8S-73 Detector PCB FAB Rl7 2-106 Resistor, 24K 

Rl8 2-89 Resistor, 4.7K 
17S-3702 Transistor MPS3702 R19 2-89 Resistor, 4.7K 
17S-2369 Transistor MPS2369 R20 2-97 Resistor, lOK 

~ l:ll81E1lUCS/ IESC2IPTICll 
~ 

PART lUeF.R 

R21 2-in Resistor, 2.2K 
R22 2-Sl Resistor, 2.2K 
R23 2-106 Resistor, 24K 
R24 2-106 Resistor, 24K 
R2S 2-Sl Resistor, 2.2K 
R26 2-Sl Resistor, 2.2K 
R27 2-106 Resistor, 24K 
R2S 2-97 Resistor, lOK 
R29 2-106 Resistor, 24K 

Tl 43-3 Toroid (42-42) 
T2 43-3 Toroid (42-43) 

Ul 176-74LS74 1.C. 74LS74 
U2 176-1496 J.C. 1496 
U3 176-496 I.C. 1496 

YI S9-4499A Crystal 4.S002 MHz 
Y2 S9-4499 Crystal, 4.4996 MHz 
Y3 49-lSOOO Crystal, 18.000 MHz 

43-100 Base, Toroid 
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Cl 
C2 
C3 
C4 
cs 
C6 
C7 
CB 
C9 
ClO 
Cll 
Cl2 
Cl3 
Cl4 
ClS 
Cl6 
Cl7 
Cl8 
Cl9 
C20 
C21 
C22 
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C30 
C31 
C32 
C33 
C34 
C3S 
C36 
C37 
C38 
C39 
C40 
C41-99 
ClOO 

ICINEMETRICS/ 
TRUE TIME 

PART NUMBER 

36-95 
36-95 
36-32 
36-83 
36-83 
36-83 
24-13 
29-54 

28-43 
29-10 
36-9S 
29-37 
29-44 
36-9S 
36-83 
28-43 
36-9S 
29-22 
29-33 
36-83 
29-33 
36-95 
32-29 
36-95 
24-1 
24-1 
24-1 
24-1 

36-83 
36-83 
36-83 
36-83 
36-83 
36-83 
36-83 
36-83 
36-83 
36-95 

36-9S 

6-12 

DESCRIPTION 

Cap., Monolithic .luF 
Cap., Monolithic .luF 
Cap., Film, .33uF 
Cap., Monolithic .OluF 
Cap., Monolithic .OluF 
Cap., Monolithic .OluF 
Cap.,·Polystyrene .OluF 
Cap., Dipped Mica 680pF 
NOT USED 
Cap., Film 3.3uF 
Cap., Dipped Mica lOpF 
Cap., Monolithic .luF 
Cap., Dipped Mica ISOpF 
Cap., Dipped MicB 270pF 
Cap., Monolithic .luF 
Cap., Monolithic .OluF 
Cap., Film 3. 3uF 
Cap., Monolithic .luF 
Cap., Dipped Mica 39pF 
Cap., Dipped Mica lOOpF 
Cap., Monolithic .OluF 
Cap., Dipped Mica IOOpF 
Cap., Monolithic .luF 
Cap., Tant O.luF 
Cap., Monolithic .luF 
Cap., Polystyrene .OOluF 
Cap., Polystyrene .OOluF 
Cap., Polystyrene .OOluF 
Cap., Polystyrene .OOluF 
NOT USED 
Cap., Monolithic .OluF 
Cap., Monolithic .OluF 
Cap., Monolithic .OluF 
Cap., Monolithic .OluF 
Cap., Monolithic .OluF 
Cap., Monolithic .OluF 
Cap., Monolithic .OluF 
Cap., Monolithic .OluF 
Cap., Monolithic .OluF 
Cap., Monolithic .luF 
NOT USED 
Cap., Monolithic .luF 

SYMBOL DESIGNATION REFERENCE 86-74 

UNEMETRICS/ ICINEMETRICS/ 
TRUETIHE TRUETIME 

SYMBOL PART NUMBER DESCRIPTION SYMBOL PART NUMBER DESCRIPTION 

ClOl 24-1 Cap., Polystyrene .OOluF 
Cl02 29-20 Cap., Dipped Mica 33pF NOTE: ALL RESISTORS ARE 1/4 WATT, 
Cl03-499 NOT USED 5% CARBON COMP. UNLESS OTHERWISE NOTED. 
csoo 36-95 Cap., Monolithic .luF 
CSOl 32-29 Cap., Tant. 0. luF Rl 2-153 Resistor, 2.2M 
C502 36-95 Cap., Monolithic .luF R2 2-153 Resistor, 2.2M 
C503 36-58 Cap., Monolithic .OOluF R3 2-145 Resistor, 1.0M 
C504 36-95 Cap., Monolithic . luF R4 2-107 Resistor, 27K 
csos 33-20 Cap., Cer. Var. 4-20pF RS 2-123 Resistor, 120K 

R6 2-121 Resistor, lOOK 
DI 35-IS Varicap MV2 ll S R7 2-81 Resistor, 2.2K 
02 3S-12 Varicap MV2112 R8 2-81 Resistor, 2.2K 
03 57-4148 Diode 1N4148 R9 2-121 Resistor, lOOK 
D4 S7-4148 Diode IN4148 RIO 2-69 Resistor, 680 ohm 
DS 57-4148 Diode 1N4148 Rll 2-138 Resistor, SIOK 
06 3S-8 Varicap MV2108 Rl2 2-121 Resistor, lOOK 
07 S8-4 LED-Red R13 2-203 Resistor, lOOM 
08 S7-4148 Diode 1N4148 Rl4 2-186 Resistor, 47M 
D9 S7-4148 Diode 1N4148 RlS 2-1S7 Resistor, 3.3M 
010 S8-4 LED-Red R16 2-14S Resistor, I.OM 
Dll-499 NOT USED Rl7 20-7 lOOK Var. Pot. 
DSOO 58-1 LED-Green RIB 2-121 Resistor, IOOK 

Rl9 2-97 Resistor, l~K 
Jl 318-2S Socket, 12 Pin Strip (318-12) R20 2-121 Resistor, lOOK 
J2 369-2 Jack, Earphone R21 2-69 Resistor, 680 ohm 
JPR-1 387-12 "Flexstrip - 12 Pin R22 2-81 Resistor, 2.2K 
JPR-2 387-12 "Flexstrip - 12 Pin R23 2-121 Resistor, IOOK 
JPR-3 387-12 "Flexstrip - 12 Pin R24 2-161 Resistor, 4.7M 

R25 2-89 Resistor, 4.7K 
Ll 41-6A Coil, R.F. 942-44) R26 2-177 Resistor, 22M 

R27 2-121 Resistor, lOOK 
PCB 85-74 Analog PCB Fabrication R28 2-117 Resistor, 68K 

R29 2-14S Resistor, I.OM 
QI 175-3702 Trans st or MPS3702 R30 2-97 Resistor, !OK 
Q2 17S-2369 Trans st or MPS2369 R31 2-169 Resistor, lOM 
Q3 175-3702 Trans st or MPS3702 R32 2-131 Resistor, 270K 
Q4 175-2369 Trans st or MPS2369 R33 2-14S Resistor, 1.0M 
QS 175-3702 Trans st or MPS3702 R34 2-177 Resistor, 22M 
Q6 175-2369 Trans st or MPS2369 R35 2-73 Resistor, lK 
Q7 175-3702 Trans stor MPS3702 R36 2-97 Resistor, !OK 
QB-99 not u ed R37 20-7 Pot., lOOK Var. 
QlOO 17S-3904 Trans st or 2N3904 R38 20-7 Pot 

' 
lOOK Var. 

R39 2-121 Res stor, lOOK 
R40 2-121 Res stor, lOOK 
R41 2-133 Res stor, 330K 
R42 2-121 Res stor, lOOK 
R43 2-121 Res stor, lOOK 



UHEMETRICS/ KI.HEME TRI CS/ KIHEMEirRICS/ 
TRUETIME 1:RUETIHE TRUE1rIME 

SYMBOL PART NUMBER DESCRIPTION SYMBOL PART NUMBER DESCRIPTION SYMBOL PART NUMBER DESCR!f!!.Q! 

R44 2-14~· Resistor, 1.0M R88 2-121 Resistor, lOOK Sl 6S-l Switch, SPST, DIP 
R4S 20-7 Pot ' 

lOOK Var. R89 2-14S Resistor, I.OM S2 6S-l Switch, SPST, DIP 
R46 2-133 Res stor, 330K R90 2-121 Resistor, lOOK 
R47 2-121 Res stor, lOOK R91 2-121 Resistor, lOOK Tl 41-6A Transformer (42-4S) 
R48 2-121 Res stor, lOOK R91 2-121 Resistor, lOOK 
R49 2-89 Res stor, 4.7K R92 2-121 Resistor, lOOK Ul 176-7808 I.C. 7808 
RSO 2-121 Res stor, lOOK R93 2-121 Resistor, lOOK U2 l 76-08L1 I.C. TL084 
RSl 2-S9 Res stor, 270 ohm R94 2-121 Resistor, lOOK U3 176-4016 I.C. 4016 
RS2 2-138 Res stor, SlOK R9S 2-121 Resistor, lOOK U4 l 76-08L1 I.C. TL084 
RS3 2-14~· Res stor, 1.0M R96-99 NOT USED us 176-4011 I.C. 4011 
RS4 2-121 Res stor, lOOK RlOO 2-97 Resistor, lOK U6 176-4016 I.C. 4016 
RSS 2-121 Res stor, lOOK RlOl NOT USED U7 176- 74LS74 I.C. 74LS74 
RS6 2-121 Res stor, lOOK Rl02 2-81 Resistor, 2.2K U8 176-74LS90 I.C. 74LS90 
RS7 2-14~· Res stor, 1.0M Rl03 2-141 Resistor, 680K U9 176-40lll I.C. 4011 
RS8 2-13B Res stor, SlOM Rl04 2-12S Resistor, lSOK UlO l 76-08L1 I.C. TL084 
RS9 2-81 Res stor, 2.2K RIOS 2-133 Resistor, 330K Ull 176-Q8l1 I.C. TL084 
R60 2-121 Res stor, lOOK Rl06 2-133 Resistor, 330K Ul2 176-40l6 I.C. 4016 
R61 2-89 Res stor, 4.7K Rl07 2-14S Resistor, l.OM Ul3 176-780S I.C. 780S 
R62 2-81 Res stor, 2.2K Rl08 2-146 Resistor, 1. lM Ul4 176-7906 I.C. 7906 
R63 2-133 Res stor, 330K Rl09 2-149 Resistor, 1. SM UlS l 76-08L1 I.C. TL084 
R64 2-121 Res stor, lOOK RllO 2-1S6 Resistor, 3.0M Ul6 NOT USED 
R6S 2-121 Res stor, lOOK Rl 11 2-169 Resistor, lOM Ul7 NOT USED 
R66 2-121 Res stor, lOOK Rll2 Selected in test Ul8 176-4Sll8 I.C. 4Sl8 
R67 2-121 Res stor, lOOK Rl13 2-169 Resistor, lOM Ul9 l 76-40Jl7 I.C. 4017 
R68 2-121 Res stor, lOOK Rll4 2-1S6 Resistor, 3.0M U20 l 76-40L19 I.C. 4049 
R69 2-121 Res stor, lOOK RllS 2-149 Resistor, 1. SM U21 176-40lll I.C. 4011 
R70 2-8S Res stor, lOOK Rll6 2-146 Resistor, 1. lM U22 176-401.7 I.C. 4017 
R71 2-121 Res stor, lOOK Rll7-119 NOT USED U23 176-40~)0 I.C. 40SO 
R72 2-14~· Res stor, 1.0M R120 2-47 Resistor, 82 ohm U24 176-4011 I.C. 4011 
R73 2-121 Res stor, lOOK Rl21 2-49 Resistor, 100 ohm U2S 176-4081 I.C. 4081 
R74 2-14~· Res stor, 1.0M R122-499 NOT USED U26 l 76-40Jl6 I.C. 4016 
R7S 2-133 Res stor, 330K RSOO 2-12S Res stor, lSOK U27 l 76-08ll I.C. TL084 
R76 NOT USED RSOl 2-8S Res stor, 3.3K U28 l 76-08l1 I.C. TL084 
R77 2-121 Res stor, lOOK RS02 2-12S Res st or, lSOK U29 176-4016 1.C. 4016 
R78 2-121 Res stor, lOOK RS03 2-Eil Res stor, 2.2K U30 176-08l1 I.C. TL084 
R79 2-121 Res stor, lOOK RS04 2-121 Res stor, lOOK U31 176-4016 I.C. 4016 
R80 2-132 Res stor, 300K RSOS 2-121 Res stor, lOOK U32 17 6-08ll I.C. TL084 
R81 2-12~· Res stor, lSOK RS06 2-138 Res stor, SIOK U33 176-4016 I. c. 4016 
R82 2-81 Res stor, 2.2K RS07 2-138 Res stor, 510K U34-99 NOT USED 
R83 2-121 Res stor, lOOK R508 2-89 Res stor, 4. 71< UlOO 176-0811 I.C. TL084 
R84 2-121 Res stor, lOOK RS09 2-69 Res stor, 680 ohm UlOl NOT USED 
R8S 2-121 Res st or, lOOK RSlO 2-97 Res stor, lOK Ul02 l 76-40ll6 I.C. 4016 
R86 2-138 Res stor, SJ.OK RSll 2-121 Res stor, lOOK 
R87 2- lO~i Res stor, 22K RS12 2-121 Res stor, lOOK Yl S9-10000 Crystal 10.000 MHz 

RS13 2-73 Res stor, lK Y2 S9-186l+32 Crystal 18.6432 MHz 

NOTE: The following i terns are installed when the Advanced 
Performance Option (APO) is specified. 

C30 36-S8 Cap., .001 uf, Mono 
R76 2-121 Res is.tor, 100 K 
JPR4 31S-26-2 Jumpe~r, 26 AWG, Red, 2" Lg. 

(Remove: R69) 

6-12 SYMBOL DE:SIGNATION REFERENCE 86-74 (cont.) 
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6-13 PARTS LOCATION - ASSEMBLY 86-42 6-14 SYMBOL DESIGNATION REFERENCE 86-42 

SYMBOL Kmm~~CS/ 

P1JrT'"""RtJRlrER 

Cl 32-29 
C2 36-95 
C3 36-9S 
C4 36-95 
cs 36-9S 
C6 36-9S 
C7 36-9 S 
cs 23-10-2S * 
C9 36-95 
ClO 23-10-25 * 
Cll 36-9S 
Cl2 36-9S 
Cl3 36-9S 

CRl 
CR2 
CR3 

Jl 
J2 
J3 
J4 
JS 
J6, 7 
JS 
J9 

JPR 

PCB 

Ql 
Q2 
Q3 
Q4 
QS 

* 32-4 s 

57-414S 
57-414S 
57-414S 

379-16 
379-16 
379-40 
379-24 
379-2S-l 

31B-25 
31S-25 

3S7 -14 

B5-42 

175-3 702 
175-3904 
175-3904 
175-3904 
175-3904 

DESCRIPTION 

Cap., Tant. !.OuF 
Cap., Monolithic .luF 
Cap., Monolithic .!uF 
Cap., Monolithic . luF 
Cap., Monolithic .luF 
Cap., Monolithic .luF 
Cap., Monolithic .luF 
Cap., Electro 1 OuF 2 5V 
Cap., Monolithic .luF 
Cap., Electro !OuF 25V 
Cap., Mono! ithic .luF 
Cap., Mono! ithic . luF 
Cap., Mono! ithic . luF 

Cap., Tant 22uF l 5V 
(May be used 

Diode, 1N414B 
Diode, 1N414B 
Diode, 1N414B 

Socket, 16 Pin Dip 
Socket, 16 Pin Dip 
Socket, 40 Pin Dip 
Socket, 24 Pin Dip 
Socket, 2S Pin Dip 
NOT USED 
Socket, 12 Pin (31S-l 2) 
Socket, 12 Pin (31B-12) 

Jumper (3B7 - 7) 

Digital PCB FAB. 

Transistor, MPS3702 
Transistor, 2N3904 
Transistor, 2N3904 
Transistor, 2N3904 
Transistor, 2N3904 

NOTE: All Resistors are 1/4 Watt, 5% ca·rbon 
Comp. unless otherwise noted. 

Rl 
R2 
R3 
R4 
RS 
R6 
R7 
RB 
R9 
RlO 
Rll 
Rl2 
Rl3 
Rl4 
Rl5 
Rl6 
Rl7 
RIB 

51 
52 
53 

UI 
U2 
U3 
U4 
U5-9 
UlO 
Ull 
Ul2 
Ul3 
Ul4 
UlS 

2-153 
2-138 
2-177 
2-B5 
2-8S 
2-8S 
2-73 
2-S5 
11-121-10 
11-121-10 

2-SS 
2-85 
2-8S 
2-8S 
2-85 

2-121 

65-1 
63-2 
63-2 

176-6802 
176-6821 
l 76-6B21 
I 76-6B21 

176-74LS13B 
176- 74HCOO 
176-2114 
176-2114 
176-4011 
176-74LS13S 

Resistor , 2. 2M 
Resistor, SIOK 
Resistor, 22M 
Resistor, 3.3K 
Resistor, 3.3K 
Resist or , 3. 3K 
Resist or, lK 
Resistor, 3.3K 
Resistor, lOOK SIP 
Resistor, lOOK SIP 
NOT USED 
Resistor, 3.3K 
Resistor, 3.3K 
Resistor, 3.3K 
Resistor, 3.3K 
Resistor, 3.3K 
NOT USED 
Resistor, IOOK 

Switch, SPST, DIP 
Switch, 10 Pas. Rotary 
Switch, 10 Pas. Rotary 

I. C. MC6802 
! .C. MC6B21 
I.C. MC6B21 
I .C. MC6B21 
NOT USED 
I .C. 74LS13B 
t.C. 74HCOO 
I.C. 2114 
I.C. 2114 
I.C. 4011 
t.C. 74LS13B 
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6-16 PARTS LOCATION - ASSEMBLY 86-43 

6-17 SYMBOL DESIGNATION REFERENCE 86-43 

KINEMETRICS/ KINEMETRICS/ l:INEMETRICS/ 
TRUETIME TRUETIME TRUE TIME 

SYMBOL PART NUMBER DESCRIPTION ~ PART NUMBER DESCRIPTION SYMBOL PART NUMBER DESCRIPTION 

Cl 36-58 Cap., Monolithic .OOluF QS 175-MPSA43* Transistor MPSA43 Rl6 2-136 Resistor, 430K 
C2 36-58 Cap., Monolithic .OOluF Q6 175-4889 Transistor 2N4889 Rl7 2-93 Resistor, 6.8K 
C3 36-S8 Cap., Monolithic .OOluF Q7 17S-MPSA438 Transistor MPSA43 Rl8 2-117 Resistor, 68K 
C4 36-58 Cap., Monolithic .OOluF QB 17S-4889 Transistor 2N4889 Rl9 2-IOS Resistor, 22K 
cs 36-9S Cap., Monol it hie O. luF Q9 17S-MPSA43* Transistor MPSA43 R20 2-136 Resistor, 430K 
C6 36-9S Cap., Monolithic O.luF QlO 17S-4889 Transistor 2N4889 R21 2-93 Resistor, 6.8K 
C7 36-95 Cap., Monolithic O.luF Qll 17S-3904 Transistor 2N3904 R22 2-81 Resistor, 2. 2K 
CB 36-9S Cap., Monolithic O.luF Ql2 17S-3904 Transistor 2N3904 R23 2-81 Resistor, 2.2K 
C9 36-9S Cap., Monolithic O. luF Ql3 17S-3904 Transistor 2N3904 R24 2-14S Resistor, lM 
ClO 36-9S Cap., Monolithic O. luF Ql4 175-3904 Transistor 2N3904 R25 2-145 Resistor, lM 
Cll 36-9S Cap., Monolithic O.luF QlS 175-3904 Transistor 2N3904 R26 2-145 Resistor, IM 

R27 2-145 Resistor, lM 
CRl S5-S386 Diode, Zener 1NS386 NOTE: ALL RESISTORS 1/4 WATT, S% CARBON R28 2-109 Resistor, 33K 

COMP. UNLESS OTHERWISE NOTED. R29 2-109 Resistor, 33K 
Dl 58-4 LED, Red R30 2-109 Resistor, 33K 
D2 58-4 LED, Red Rl 2-81 Res stor, 2.2K R31 2-109 Resistor, 33K 
D2 S8-4 LED, Red R2 2-117 Res stor, 68K R32 2-53 Resistor, 150 ohm 
D3 58-4 LED, Red R3 2-lOS Res stor, 22K R33 2-63 Resistor, 390 ohm 
D4 58-4 LED, Red R4 2-136 Res stor, 430K R34 2-S3 Resistor, 150 ohm 
05 S8-4 LED, Red RS 2-93 Res stor, 6.8K R35 2-109 Resistor, 33K 
D6 58-4 LED, Red R6 2-117 Res stor, 68K R36 2-63 Resistor, 390 ohm 
07 58-1 LED, Green R7 2-106 Res stor, 22K R37 2-63 Resistor, 390 ohm 
08 S8-l LED, Green R8 2-136 Res stor, 430K 

R9 2-93 Res stor, 6.8K Ul 176-8880 I. C. 8880 
PCB 85-43 Display PCB. Fab. RIO 2-117 Res stor, 68K U2 176-8880 I.C. 8880 

Rll 2-105 Res stor, 22K U3 176-4042 I.C 4042 
Ql 17S-MPSA43* Trans st or MPSA43 Rl2 2-136 Res stor, 430K U4 189-1 Dig t Display 20 Pin (2 Dig t) 

Q2 176-4889 Trans stor 2N4889 Rl3 2-93 Res stor, 6.8K us 189-1 Dig t Display 20 Pin (2 Dig t) 

Q3 17S-MPSA43* Trans st or MPSA43 Rl4 2-117 Res stor, 68K U6 189-1 Dig t Display 20 Pin (2 Dig t) 

Q4 17S-4889 Trans stor 2N4889 Rl5 2-106 Res stor, 22K U7 189-2 Dig t Display 30 Pin (3 Dig t) 
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6-19 PARTS LOCATION ASSEMBLY 86-44 6-20 SYMBOL DESIGNATION REFERENCE 86-44 
"' ltUB£TRICS/ 

'X> ,~: '- ,\ii 'ltUETD£ - SYND. ~ IESCRIPTI<»I 

Cl 36-58 Cap., M:>nol ithic .OOluF 
e2 36-SS Cap., M:>nolithic .OOluF • C3 36-58 Cap., !t>nolithic .OOluF 
C4 36-SS Cap., M:>nolithic .OOluF 
cs 36-58 Cap., M:>nol ithic .OOluF 
e6 36-SS Cap., M:>nolithic .OOluF 
e7 36-58 Cap., M:>nol ithic .OOluF 
cs 36-58 Cap., M:>nolithic .OOluF 
C9 29-33 Cap., Dipped Mica lOOpF 
ClO 36-95 Cap., M:>nolithic O.luF 
Cll 36-9S Cap., M:>nolithic O. luF 
el2 36-95 Cap., M:>nolithic O. luF 
Cl3 36-95 Cap., M:>nolithic O. luF 
Cl4 36-95 Cap., M:>nolithic O. luF 
C15 36-95 Cap., M:>nolithic O. luF 
C16 36-50 Cap., M:>nolithic 470pF 
C17 36-95 Cap., M:>oolithic O. luF 
C18 36-95 Cap., M:>nolithic O.luF 

Jl 372-1505 Connector SO Pin D Ft. Ang. 
J2 379-16 ocket, 16 pin DIP 

JPRl 2-0 J<Jnper 
JPR2 2-0 J<Jnper 
JPR3 2-0 J<Jnper 

R::B 85-79 Buff. Parallel BCD Time ()Jtput PCB 

Pl 389-1-1 Cable Assy. DIP to DIP 
P2 389-1-1 Cable Assy. DIP to DIP 

IDTE: All resistors are 1/4 Watt S% Carbon Ccmp. 
mless otherwise roted. 

Rl 11-121-8 S.I.P. lOOK 
R2 11-121-8 S.I.P. lOOK 
R3 11-121-8 S.I.P. lOOK 
R4 11-121-8 S.I.P. lOOK 
RS 11-121-8 S. I.P. lOOK 

;fi. R6 11-121-8 S. I.P. lOOK 
R7 2-97 Resistor, lCX< 
R8 2-97 Resistor, HM< 
R9 2-109 * Resistor, 33K 

-ii 
RlO 2-97 Resistor, HM< 
Rll 22-89-8 S.I.P. 4.7K 
Rl2 22-89-8 S.I.P. 4.7K 
R13 22-89-8 S. I.P. 4. 7K 
Rl4 22-89-8 S.I.P. 4.7K 

Ill· RlS 22-89-8 S. I.P. 4. 7K 
Rl6 22-89-8 S. !.P. 4. 7K 
Rl7 2-105 Resistor, 22K 

* Opt ion replacing JPR-2 (Special Order Only). 

Ul 178-7411:244 I .C., 7411:244 

"' U2 178-741£244 I.C., 7411:244 
U3 178-7411:244 1.e., 7411:244 
U4 176-4042 I.e. 4042 

~ us 176-4042 I.C. 4042 
If U6 176-4042 I.C. 4042 

U7 176-4042 I.e. 4042 
us 176-4042 I.e. 4042 
U9 176-4042 l.C. 4042 
UlO 176-4042 l.C. 4042 
Ull 176-4042 I.C. 4042 
Ul2 176-4042 l.C. 4042 
Ul3 176-4042 l.C. 4042 
Ul4 176-4042 I.C. 4042 
UlS 176-4042 I.C. 4042 
Ul6 176-4042 I.C. 4042 
Ul7 176-4042 I.C. 4042 
Ul8 176-4042 I.C. 4042 
Ul9 176-4013 I.C. 4013 
U20 176-4049 I.C. 4049 
U21 176-4001 I.C. 4001 
U22 176-4-42 I.e. 4042 
U23 176-4-42 I.C. 4042 
U24 176-4-42 I .C. 4042 
U25 176-40162 I .C. 40162 

""'"'·""'"""·'C.-·""''"""'""""""'"" ... 
U26 176-40162 I.C. 40162 
U27 176-40162 I.C. 40162 

• • ..... \' • U28 178-741£244 l.C., 7411:244 
.. U29 178-7411:244 I.C., 7411:244 - U30 178-7411:244 I.C., 7411:244 

U31 178-7 411:244 I .C., 740C244 
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6-22 PARTS LOCATION - ASSEMBLY 86-46 6-23 SYMBOL DESIGNATION REFERENCE 86-46 

UNEMETRICS/ 
TRUE TIME 

SYMBOL PART NUMBER DESCRIPTIOB 

Cl 
C2 
C3 
C4 
cs 
C6 
C7 
CB 
C9 

JI 

J2 
J3 
J4 
JS 
J6 

36-9S 
36-9S 
36-9S 
36-9S 
36-SO 
36-SO 

372-125P 

404-1-2-20 

401-1-2-20 

JPR-1 387-12 

JPR-2 2-0 
JPR-3 2-0 

PCB 85-46 

NOT USED 
NOT USED 
NOT USED 
Cap., Monolithic .luF 
Cap., Monolithic .luF 
Cap., Monolithic .luF 
Cap., Monolithic .luF 
Cap., Monolithic 470pF 
Cap., Monolithic 470pF 

Conn., 25 Pin, Male 'D', 
Rt. Angle 
NOT USED 
Conn., 40 Pin, Female 
NOT USED 
NOT USED 
CONN., 40 Pin, Male 

"Flexstrip" Jumper 6 Cond. 
(387-6) 
Jumper 
Jumper 

PCB, RS232 Output 

NOTE: All resistors are 1/4 Watt, S% Carbon 
Comp. unless otherwise noted. 

Rl 
R2•Rl3 
Rl4 
RlS 
Rl6 
Rl 7 
Rl8 
Rl9 
R20 
R21 
R22 
R23 

SI 
S2 

Ul 
U2 
U3 
U4 
us 
U6 
U7 
UB 

Yl 

2-169 

2-121 

11-121 
11-121 
11-121 
11-121 
11-121 
11-121 
11-121 

65-8 
65-8 

176-6850 
176-81LS96 
176- 74LS 138 
176-1488 
176-1489 
176-14411 

177-2716 

S9-1843 

Resistor, 10 M 
NOT USED 
Resistor, lOOK 
NOT USED 
NOT USED 
Resistor, S.I.P. lOOK 
Resistor, S.I.P. IOOK 
Resistor, S. I. P. lOOK 
Resistor, S. I .P. lOOK 
Resistor, S.I.P. lOOK 
Resistor, S. I .P. lOOK 
Resistor, S. I. P. lOOK 

Switch, 8 Pos. SPST DIP 
Switch, 8 Pos. SPST DIP 

I. c. 68SO 
I. C. 81LS96 
I. C. 74LS138 
I.C. 1488 
I.C. 1489 
I.C. 14411 
NOT USED 
I .C. 2716 

Crystal, 1.8432 MHz 
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PARTS LOCATION - ASSEMBLY 86-47 
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SYMBOL DESIGNATION REFERENCE 86-47 
SYMBOL KINEHETRICS/ DESCRIPTION 
--- TRUETIHE 

Cl 
C2 
C3 
C4 
cs 
C6 
C7 
CB 
C9 

Dl 

Jl 
J2 
J3 
J4 
JS 
J6 

JPR-1 
JPR-2 

PCB 

Ql 

NOTE: 

Rl 
R2 
R3 
R4 
RS 
R6 
R7 
RB 
R9 
RIO 
Rll 
Rl2 

Sl 

Ul 
U2 
U3 
U4 
u~ 

U6 
U7 
UB 
U9 

PART NUMBER 

36-9S 
36-9S 
36-95 
36-95 
36-9S 

36-9S 
36-95 

55-5231 

3B4-24 

404-1-2-20 

401-1-2-20 

2-0 
3 B7-l 2 

BS-47 

175-3904 

Cap., Monolithic .luF 
Cap., Monolithic .luF 
Cap., Monolithic .luF 
Cap., Monolithic .luF 
Cap., Monolithic .luF 
NOT USED 
NOT USED 
Cap., Monolithic .luF 
Cap., Monolithic .luF 

Diode 1NS231 

Header, 24 Pin, Male 
NOT USED 
Conn., 40 Pin, Female 
NOT USED 
NOT USED 
Conn., 40 Pin, Male 

Jumper 
Jumper 1/2 

IEEE-4B8 Time Output PCB Fab. 

Transistor, 2N3904 

All resistors are 1/4 Watt, 5% 
Carbon"Comp. unless otherwise noted. 

11-89 
ll-B9 
ll-B9 
11-89 
11-89 
11-89 
11-89 
2-89 
2-105 
2-B9 
2-lOS 
2-B9 

6S-8 

176-3448 
176-3448 
176-3448 
176-344B 
176-74LS04 
176-68488 

176-74LS13B 
176-6B21 

Resistor, S.I.P., 4.7K 
Resistor, S.I.P., 4.7K 
Resistor, S.I.P., 4.7K 
Resistor, S.I.P., 4.7K'"" 
Resistor, S.I.P., 4.7K 
Resistor, S.I.P., 4.7K 
Resistor, S.I.P., 4.7K 
Resistor, 4.7K 
Resistor, 22K 
Resistor, 4. 7K 
Resistor, 22K 
Resistor, 4.7K 

Switch, B Pos., SPST, DIP 

J.C. 3448 
I.C. 3448 
I .C. 344B 
J.C. 3448 
I .C. 74LS04 
I .C. 68488 
NOT USED 
I.C. 74LS138 
J.C. 6821 
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6-28 PARTS LOCATION - ASSEMBLY 86-52 6-29 SYMBOL DESIGNATION REFERENCE 86-52 

ll1E£1RICS/ 
1RIETIME 

sn&:I. PART lUl5F.R ~PTiaf 

Cl 23-20-200 Cap., Electro 20uF 200V 
C2 23-4700-2S Cap., Electro 4700 uF 25V 
C3 * 23-10-25 Cap., Electro lOuF 25V 
C4 * 23-10-2S Cap., Electro lOuF 25V 
cs 23-400-SO Cap., Electro 400uF SOV 
C6 23-400-SO Cap., Electro 400uF 50V 
C7 * 23-10-2S Cap., Electro lOuF 25V 
C8 * 23-10-2S Cap., Electro lOuF 2SV 
C9 36-9S Cap., 1'boolithic .luF 
ClO 36-9S Cap., 1'bnolithic .luF 
cu 36-9S Cap., Monolithic .luF 

01 S7-400S Diode 1N400S 
D2 57-4005 Diode 1N400S 
D3 57-400S Diode 1N400S 
04 S7-4005 Diode 1N400S 
DS S5-S386 Diode 1NS386 
06 S7-400S Diode 1N400S 
D7 57-400S Diode 1N400S 
08 S7-400S Diode 1N400S 
09 57-4005 Diode 1N400S 
DlO S7-400S Diode 1N400S 
Dll S7-400S Diode 1N400S 
012 57-400S Diode 1N400S 
Dl3 S7-400S Diode 1N400S 

Jl 318-2S Socket, 7 Pin Strip (318-7) 
J2 318-25 Socket, 6 Pin Strip (318-6) 

JPR-1 2-0 JlUlper 

PCB 8S-S2 PCB, Power Supply 

Ql 175-3904 Transistor, 2N3904 
Q2 17S-MPSA43 Transistor, MPSA43 

OOTE: All resistors are 1/4 Watt, S'%. 
Carbon Canp. unless otherwise noted. 

Rl 2-133 Resistor, 330K 
R2 2-81 Resistor, 2. 2K 
R3 2-169 Resistor, HMEG 
R4 2-121 Resistor, lOOK 
RS 2-121 Resistor, lOOK 
R6 2-89 Resistor, 4. 7K 
R7 2-89 Resistor, 4.7K 
R8 2-97 Resistor, 10 
R9 2-104 Resistor, 20K 

Tl 54-2 Tr ans former 

Ul 176-7805 I. C. +SV Reg. , l.M780S 
U2 176-780S l.C. +5V Reg., U1780S 
U3 176-78Ml2 l.C. +12V Reg., l.M78Ml2 
U4 176-7912 I .C. -12V Reg., U179Ml2 
us 176-791.05 I.e. 3 Pin Case 
U6 176-3130 l.C. 8 Pin Metal Can 

* Cap. Tant. 22UF lSV Part # 32-4S may be used. 
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6-32 

SYHBOL DESIGNATION REFERENCE 86-147 
~CS/ 'IRLErne ~ !!!IT~ 

~PI'M! 
PCB 

85-147 
flt: l. 5 Option PCB Fab. Cl 

32-29 

Cap., 1.0 uf, 35V, Tant. 
C2 

32-29 
Cap., 1.0 uf, 35V, Tant. 

C3 
36-95 

Cap., 0.1 uf, lt:>no, 
C4 

29-20 
Cap. , 33 pf, Di ppej Mica 

cs 
36-95 

Cap., O.J uf, lt:>oo. 
C6 

36-SB 
Cap., .001 uf, 1'bno. 

C7 
29-31 

Cap,, 82 pf, Dipped Mica 
CB 

36-95 
Cap., O.J uf, lt:>no. 

C9 
36-95 

Cap., 0.1 uf, lt:>no. 
ClO 

36-95 
Cap., 0.1 uf, lt:>no. 

Cll 
36-95 

Cap., 0.1 uf, lt:>no. Jffi2 387-12 
"Flexstrip" Junper, 

22 0>00. 
Jl 

318-12 
Socket, 12 Pin Strip 

J2 
401-2-1-15 

Header, lS Pin Strip Rt. ~. 
RI 

11-121 
Resistor, lOOK SIP 

R2 
ll-121 

Resistor, l()Gf( SIP 
R3 

11-121 
Resistor, lOOK SIP 

R4 
11-121 

Resistor, l()Gf( SIP 
R5 

ll-121 
Resistor, lOOK SIP 

R6 
11-121 

Resistor, l()(l( SIP 
R7 

11-121 
Resistor, lOOK SIP 

RB 
2-143 

Resistor, 82()( 
R9 

2-133 
Resistor, 33(l( 

RlO 
2-47 

Resistor r 82 ohn 
Rll 

2-49 
Resistor, 100 Ohii 

Rl2 
2-143 

Resistor, 82()( 
Rl3 

2-133 
Resistor, 33()( 

R14 
2-125 

Resistor, lSOK 
Rl5 

2-141 
Resistor, 68()( 

Rl6 
2-97 

Resistor, 1()( 
Rl7 

NJr USED 
RIB, 

2-146 
Resistor, 1.lH 

Rl9 
2-145 

Resistor, l. {if 
R20 

2-149 
Resistor, l.SM 

R21 
2-169 

Resistor, 10. {if 
R22 2-156 

Resistor, 3. {if 
R23 

2-156 
Resistor, 3. {if 

R24 
2-146 

Resistor, I.IM 
R25 

2-169 
Resistor, 10. {if 

R26 
2-149 

Resistor, l. 5M 
Sl 

63-2 
Switch, l 0 fus. Rotary 

S2 
63-2 

Switch, 10 Pos. Rotary 
S3 

63-2 
Switch, 10 Pos. Rotary 

S4 
63-2 

Switch, 10 Pos. Rotary 
SS 

63-2 
Switch, 10 fus. Rotary 

S6 
63-2 

Switch, 10 fus. Rotary 
57 

63-2 
Switch, 10 Pos. Rotary 

sa 
63-2 

Switch, 10 Pos. Rotary 
S9 

63-2 
Switch, 10 Pos. Rotary 

SlO 
6S-1 

Switch sPsr 
SlJ 

65-1 
Switch sPsr Ul 

17B-74Ft::25J I.e. 74Ft::253 
U2 

l 78-74H::253 
I.e. 74Ft::253 

U3 
l 7B-74H::253 I.e. 74Ft::253 

U4 
178-74ft::25J 

I.e. 74H::253 
us 

178-74H::253 I.e. 74H::253 
U6 

17B-74H::253 I.e. 74li'.:253 
U7 

176--084 
I.e. 7L084 UB 

176-4049 
I.e. 4049 

U9 
176-4016 

I.e. 4016 
u10 

l 78-74H::2s1 
I.e. 74H::25l 

Ul] 
176-4518 

I.e. 4518 
u12 

178-741£251 
I. C. 74fC251 

Ul3 
176-4017 

i.e. 4017 
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6-34 PARTS LOCATION - ASSEMBLY 86-53 6-35 SYMBOL DESIGNATION REFERENCE 86-53 

SYMBOL KINEHETRICS/ DESCRIPTION 
TRUETIME 

Cl 
C2 
C3 
C4 
cs 
C6 
C7 
CB 
C9 
ClO 
Cll 
Cl2 
Cl3 
Cl4 
ClS 
Cl6 
Cl7 
Cl8 
Cl9 
C20 
C21 
C22 
C23 
C24 
C25 
C26 
C27 

CRl 
CR2 
CR3 
CR4 
CRS 
CR6 
CR7 
CR8 
CR9 
CRlO 
CRll 
CR12 

Jl 

J2 

Ll 
L2 

PART NOMBER 

32-29 
32-29 
32-29 
32-45 
23-400-50 
23-400-50 
23-4700-25 
23-20-200 
36-95 
24-13 
32-45 
36-50 
36-50 
36-83 
36-83A 
36-83A 

36-83 
36-58 
36-58 
36-91 
36-78 
36-58 
36-83 
23-1000-50 
36-95 
36-95 

57-4934 
57-4934 
57-ERC82-004 
57-FR107 
55-5386 
57-5391 

57-4934 

57-4148 
57-4148 
57-4148 

318-25 

318-25 

43-6 
43-6 

Cap., l.OuF Tant. 
Cap., 1. OuF Tant. 
Cap., l.OuF Tant. 
Cap., 22uF Tant. 
Cap., 400uF SOV Alum. Electro 
Cap., 400uF 50V Alum. Electro 
Cap., 4700uF 25V Alum. Electro 
Cap., 20uF 200V Alum. Electro 
Cap., O.luF Monolithic 
Cap., .OluF Polystyrene 
Cap., 22uF Tant. 
Cap., 470pF Monolithic 
Cap., 470pF Monolithic 
Cap., • OluF Monolithic 
Cap., .02uF, lOOOV Ceramic 
Cap., .02uF, lOOOV Ceramic 
NOT USED 
Cap., .OluF Monolithic 
Cap., .OOluF Monolithic 
Cap., .OOluF Monolithic 
Cap., .047uF Monolithic 
Cap., .0056uF Monolithic 
Cap., • 001 uF Monolithic 
Cap., .OluF Monolithic 
Cap., lOOOuF 50V Alum. Electro 
Cap., O.luF Monolithic 
Cap., 0.luF Monolithic 

Diode, IN4934 
Diode, IN4934 
Diode, ERC81-004 
Diode, FR107 
Diode, IN5386 
Diode, IN5391 
NOT USED 
Diode, IN4934 
NOT USED 
Diode, IN4148 
Diode, IN4148 
Di od e , IN 414 8 

Strip Connector (Cut into 
6 & 7 conductor pieces) 

Strip Connector (Cut into 
6 & 7 conductor pieces) 

Coil Assy. Inductor (42-58) 
Coil Assy. Inductor (42-58) 
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SYMBOL KINEMETRICS/ DESCRIPTION 
TRUJETtME 

PCB 

Ql 
Q2 
Q3 
Q4 

NOTE: 

Rl 
R2 
R3 
R4 
RS 
R6 
R7 
RB 
R9 
RIO 
Rll 
Rl2 
R13 
R14 
RlS 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 

PART NUMBER 

85-53 

175-3904 
175-D44Hll 
175-3904 
176-3904 

Printed Circuit Board 

Transistor 2N3904 
Transistor D44Hll 
Transistor 2N3904 
Transistor 2N3904 

All resistors are 1/4 Watt, 5% 
Carbon Comp. unless otherwise noted. 

211-3 
2-89 
8-3013 
8-1003 
2-169 
8-3011 
2-97 
8-1501 
8-1001 
2-77 
20-9 
2-69 
8-1001 
2-97 
2-97 
8-1003 
1--1 
2-8S 
2-49 
2-89 
8-1001 
8-1001 
2-97 
2-101 
2-85 
20-9 
10-lR-3 
2-37 
2-33 
8-1001 
8-1001 
2-89 
3-1000-0. 5 

2-89 
8-1003 

2-113 
2-138 
8-7503 

Resistor, 47K 
Resistor, 4.7K 
Resistor, 301K, 1/8 W, 1% Film 
Resistor, lOOK, 1/8 W, 1% Film 
Resistor, lOM 
Resistor, 3.0lK, 1/8 W, 1% Film 
Resistor, lOK 
Resistor, 1.SK, 1/8 W, 1% Film 
Resistor, 1.0K, 1/8 W, 1% Film 
Resistor, 1. SK 
Pot., 5.0K Cermet 
Resistor, 680 ohm 
Resistor, 1.0K, 1/8 W, 1% Film 
Resistor, lOK 
Resistor, lOK 
Resistor, lOOK, 1/8 W, 1% Film 
Resistor, 1. OK, l / 8 W, 1 % Film 
Resistor, 3.3K 
Resistor, 100 ohm 
Resistor, 4.7K 
Resistor, LOK, 1/8 W, 1% Film 
Resistor, 1.0K, 1/8 W, 1% Film 
Resistor, lOK ' 
Resistor, 15K 
Resistor, 3.3K 
Pot., 5.0K Cermet 
Resistro, 0.1 ohm, 3W, WW Carbon 
Resistor, 33 ohm 
Resistor, 22 ohm 
Resistor, 1.0K, 1/8 W, 1% Film 
Resistor, 1.0K, 1/8 W, 1% Film 
Resistor, 4.7K 
Resistor, 100 ohm, 1/2 W 
NOT USED 
Resistor, 4.7K 
Resistor, lOOK, 1/8 W, 1% Film 
NOT USED 
Res stor, 47K 
Res stor, 510K 
Res star, 750K, 1/8 W, 1% Film 

SYMBOL KINEMETRICS/ 
TRUETIME 

PART NUMBER 

R41 
R42 
R43 

Tl 
Ul 
U2 
U3 
U4 
us 
U6 
U7 
U8 
U9 
UlO 
Ull 
U12 

QTY 

1 
1 
1 
2 
2 

8-1003 
2-169 
2-111 

42-57 
176-7912 
176-78Ml2 
176-79L05 
176-8212 
176-TL494 
176-LM311 
176-6N135 
176-4049 
176-4013 
176-4093 
176-4528 
176-7808 

370-1 
370-2 
363-2.0 
253-4 
251-4 

DESCRIPTION -----

Resistor, lOOK, 1/8 W, 1% Film 
Resistor, lOmeg. 
Resist or, 39K 

Transformer 
I . C. 7 912, - l 2V Reg. 
I.C. 7812, +12V Reg. 
I.e. 79L05, -5V Reg. 
I.C. ICL8212, Volt Monitor 
I.C. 1~94, Switch Reg. 
J.C. LM311N, Comparator 
I.C. 6N135, Opto. Isolator 
I.C. 4049, Hex Buffer 
I.e. 4013, Dual D F/F 
I.e. 4093, Quad 2 Schmit 
I.e. 4528, Dual 1 Shot 
I.e. 7808, +12V Reg. 

Binding Post (Red) 
Binding Post (Black) 
Fuse, Slo Blo 2.0 amp 
Washer, #4 Flat 
Kepnut, #4 

NOTE: The following items are omitted or added 
when the DC Power supply is installed. 

OMIT 

ADD 

363-.750 
342-1 
86-52 
315-20-4 
315-20-7 

315-20-2 
315-20-0 

Fuse, 3AG, 3/4A 
Power Plug 
P. W. Hoard Assy. Power Supply 
Wire, #20AWG, Yellow 
Wire, #20AWG, Violet 

Wire, #20AWG, Black 
Wire, #20AWG, Red 

6-35 SYMBOL DESIGNATION REFERENCE 86-53 (cont.) 
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DC POWER SUPPLY OPTION 

L.LJC-1<.'n.-t-.:)l-,C:/JC. Hex NUT;..,.;~·~-:- t:,~ r,·.:;.,:../-:-5.A..!.GD 
<SO T,_,AT (..OC-Kl•Ni.,;,Hii-lc' CUT$ 1.VTO P-/1</I~ 
ON PAJ>./£L; T"YP. ,Al.l. $A'C. C.&>Nl.JCC roe-:. 

~EXISllNE. 
8&-55 PCS 6-38 

llllEMETB.ICS/ 
TR.UETIHE 

PARTS LIST 220-30 

!!!,!! PART HUMBER. DESCRIPTION 

6-37 REAR PANEL ASSEMBLY 220-30 
1 216-30 
2 365-1 
3 342-1 
4 61-14 

5 375-1 
6 256-.375 
7 255-4-4 
8 240-4-2 
9 240-4-3 

10 253-4 
11 265-4 
12 251-4 
13 277-2 
14 241-6-2 
15 277-6 
16 

6-39 SUBCHASSIS ASSEMBLY 221-30 
17 
18 134-24 
19 
20 
21 241-6-5 
22 255-6-2 
23 363-. 750 
24 282-1 

--
_ul#.$7)/tt. ~()/,+'~~/ 

--~"Co-"'------ ----
~ ----;- _______ l_J 

-J- __ _ 
~ '"'STALL TAPe 

Oti'i:R THI"!> EDC.1!" 

6-40 PARTS LIST 221-30 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

l!!!IB..M..E!!!.!CS/ 
TR.UETIHE 

PART HUMBER 

215-30 
277-2 
247-6-2 
240-6-2 
277-6 
253-6 
282-1 
73-16 
289-1 
268-6-2 
241-6-5 

DESCRIPTION 

Sub-Chass is 
Spacer, P.W. Board 1/4" Long 
Screw, 6-32 X 1/4" Long FHMS 
Screw, 6-32 x 1/4" Long PHMS 
Spacer, P.C.B. Support, 3/8 Lg. 
Washer, #6 Flat 
Adhesive, Lod:t i te 
Grommet, Rubber 
Tape, Adhesive, 1/4" W., Mylar 
Spacer, 6-32 x 1/4" Lg., Nylon 
Screw, 6-32 x 5/8" Lg., FHMS 

1 
5 
5 
2 
2 
2 

AIR 
1 

A/R 
l 
l 

Rear Panel 
Fuse Holder 
Power Socket & Line Filter 
Thumb Wheel Switch 
(+, - and 0-9) 
BNC Connector 3 
Solder Lug. . 375" I.D. 2 
Spacer, 4-40 x 1/2" Threaded 1 
Screw, 4-40 x 1/4" Long PHMS 1 
Screw, 4-40 x 3/8" Long PHMS 4 
Washer i4 Flat 3 
Lockwasher #4 Internal Teeth 2 
Kepnut, 4-40 4 
Spacer, Circuit Board, 1/ 4" Lg. 2 
Screw, 6-32 x l / 4" Long FHMS 4 
Spacer, PCB 3/8" Lg. 2 
NOT USED 0 
NOT USED 0 

~M i~~E~arness (Not Shown) 1 
0 

NOT USED 0 
Screw, 6-32 x 5/8" Long FHMS 2 
Spacer, 6-32 x 1/4" Long Hex. Nylon 2 
Fuse, 3 AG, 3/4 A 1 
Adhesive, Loclct ite A/R 

6-31 
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6-42 PARTS LIST 
UllEllETUCS/ 

Tl.UETUIE 
ITEM PART ~ DESCRIPTION 

~ 
9 

10 
II 
12 
J3 
14 
15 
16 
17 
18 
19 
10 
l1 
22 
2] 
24 
2; 
26 

" 28 ,. 
l<> 

" 32 
l\ 
l• 
Ji 

16 
1' 
38 
39 
4t; 

41 

~i 
45 
46 
41 
48 

220-10 
221-30 
241-B-5 
100-70 
217-10 
251-8 

203-• 

60-1 

210-2 
86-71 
8&- ]~ 
86-.:.2 
86-43 
86-52 
106-30 
375-1 
256-.375 
240-L.-l 
253-4 
265-4 
2;2-4 
261-1 
240-4-2 
2'H-IJ 

263-1 
271-4 
272-2 

255-100 
177-1764 

2l.i9-l 
J32-2 
206-1 
400-1 
281-1 
282-2 

320-1 
32~-.r. 
400-l. 
27t...- ~ 

Rear Panel Assembly 

~~~~~~se~~/US/~·1.Y Lg. FHMS 
Panel, Fronl 
Plate, Side Mounting 
lr::epnut, #8 
HOT USED 
Cover, Top & Bor tom 
NOT USED 
Switch, SPOT 
LEO, GRN. (Part of Assy 86-43) 
Bezel, Plastic 
PC 8d. Assy., Detector 
PC Bd. Assv., Analog 
PC Bd. ASliy., Digital 
PC 8d. As.sy., Display 
PC Bd. Assy., Power Supply 
Plate. BNC Mounting 
BNC Connect or 
Solder Lug., .37~" I.D. 
Screw, 4-40 3/8" Lg., PHMS 
Washe1", It. Flat 
Loclc..,asher, #4 Int.. Teeth 
Nut, 4-40 Hex 
Rubber Feet 
Screw,4-40 111.i" Lg., PHMS 
Kepnut, 16 
NOT USED 
Chassis Shim 
Shoulder Washer, 14 
Insulator, !11..::a 
HOT USED 
NOT USED 
Spacer, tr.-40 l/4" Lg. 
l .c .. 2764 
(U5. lnstall1td 86-42) 
Screw, 4-40 x 1/4" Lg., FHHS, Blk 
Power Cord (Not Shown) 
Bracket, Rack Mtg. (Not Shown) 
Name Pl.ate, Product I .D. 
Compound, Thermal (Nol Shown) 
Adhesnre, Locktite (Not Shown) 
NOT USED 
8raid, Tinned Copper 

t!~:r~"~;oj~ 8~a~:~· c~~~ i~~~~~) 
Hole Plug 
Mtg. Hardware for P/N 58-1 

A/R 
I 
l 

l 
2 
l 

A/R 
AIR 

AIR 
AIR 

l 
AIR 

1 Set 

NOTE: When Opt ion Assembly 86-44 1 86-46 or 86-47 is ordered 
item• 18, 19 and 20 will be deleted. Two each of 1ceoms 21 o1nd 24 
will be deleted and replaced with P/N 2Sl-4, 14 Kepnut. 

llllEllETll.ICS/ 
Tll.UETl"E 

.ill!!~~ 

50 

51 
52 
53 
54 
55 
56 

401-2-1-1 s 
176-2bLS31 

392-5 
206-24 
240-4-3 
253-4 
251-4 
366-2.0 

On 86-42: 
Header, 8 Pin 
(401-2-1-8) (Jl2) 
l .C., (U9) 26LS31 

On 22tl-30: 
Cabll' Auy., RS-422 (Pl2) 
Mtg. Bracket 
Screw, 4-40 x 3/8" Lg.,PHMS 
Washei·, #4 Flat 
Kepnur, 4-ltO 
Circuit Brkr., 2A l 
(lnstal l in place of fuse bi fuseholder) 

6-41 MODEL 468-DC FINAL ASSEMBLY 151-70 



6-43 MODEL A-468MS FINAL ASSEMBLY 142-170 
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6-45 MODEL A-468MS SUB-ASSEMBLY 141-170 
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6-44 PARTS LIST 142-170 
ll:INEMETRICS/ 

TB.UETIME 
~ PART NUMBER DESCRIPTION !}:!!. 

1 141-170 Antenna Sub-Assy. 1 
2 138-171 Cover (NOT SHOWN) l 
3 85-13 Satellite Antenna PCB l 
4 381-lA Connector, SMA Flange Mt. l 
5 227-16 Dome Cover I 
6 141-173 Antenna Mtg. Kit 1 
7 138-174 Pivot Bracket I 
8 248-. 31-8 Screw, Hex 5/16-18 x l" Lg. 4 
9 254-.312 Lock washer, 5/16 Split 4 

10 252-.312 Hex Nut 5/16-18 4 
II 400-2 Label, Product Warranty (NOT SHOWN) l 
12 400-1 Label, Product I.D. (NOT SHOWN) l 
13 285-1 Sealant, Silicone A/R 

6-46 PARTS LIST 141-170 

ICINEMETRICS/ 
TRUETIME 

~ PART NUMBER DESCRIPTION 

s 
6 
7 
8 
9 

10 

138-1 70 
86-170 
339-6-0 
337-4 
383-1 
256-.625 
240-6-2 
240-8-4 
257-8 
265-6 

Antenna Box 
468MHz Down Converter PCB Assy. 
Cable Assy. (Male SMA to Male SMA) 
Cable, CoaA RG 188 A/U A/R 
Connector N (Solder Cup) l 
Solder Lug, 5/8" I. D. l 
Screw, PAN HD, 6-32 x 1/4 Lg. 5 
Screw, PAN HD, 6-32 x 1/2 Lg. l 
Washer, Seal #8 l 
Lockwasher, #6 Int. Teeth 5 
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6-47 

6-48 

~ 
I 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
11 
12 
13 
14 
15 

6-50 

~ 
l 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

MODEL A-468HX SUB-ASSEMBLY 141-171 

I 
,--<I) 

I 

PARTS LIST 141-171 

ltlHEMETRICS/ 
TltUETIME 

PAllT NUMBER 

141-172 
138-177 
383-1 
255-6-13 
240-6-6 
271-6 
251-6 
241-. 25-6 

251-.250 
138-174 
248-. 31-6 

251-. 312 
227-13 

DESCRIPTION 

Helix Antenna Coil Sub-Assy. 
Helix Ground Plane 
Connector 'N' (Solder Cup) 
Spacer #6 x 3/8" Lg. (Al um.) 
Screw, 6-32 x 3/4" Lg. PHMS 
Shoulder, Washer, #6 Nylon 
Kepnut, 6-32 
Screw, 1/4-20 X 3/4" LG", FHMS 
NOT USED 
Kepnut, 1/4-20 
Pivot Bracket 
Screw, 5/16 - 18 x 3/4" Lg., HHMS 
NOT USED 
Kepnut, 5/16-18 
End Cap, Plastic 

6-49 

PARTS LIST 142-171 

ltlMEHETRICS/ 
TRUETIME 

PART NUMBER 

141-171 
141-170 
138-171 
227-17 
141-173 

336-1-0 
339-6-2 

383-3 

251-. 312 
248-.31-14 
400-3-2 
400-3-1 
400-1 
400-2 
285-1 

DESCRIPTION 

Helix Antenna, Sub-Assy. 
Antenna Sub-Assy. 
Cover 
Flat Cover 
Antenna Mtg. Kit 
NOT USED 
Cable Assy. (N Male to N Male) 
Cable Assy. [BNC (Male) to SHA 
(Hale)) (NOT SHOWN) 
Bulkhead Adapter N to BNC 
NOT USED 
NOT USED 
Kepnut, 5/ 16-18 
Screw, 5/16 - 18 x 1-3/4" Lg. HHHS 
Label "To Receiver " (NOT SHOWN) 
Label "From Antenna" (NOT SHOWN) 
Label, Product I.D. (NOT SHOWN) 
Label, Product Warranty (NOT SHOWN) 
Silicone Sealant (NOT SHOWN) 

!IT! 
l 
l 
l 
1 
1 
2 
l 
4 

4 
l 
4 

MODEL A-468HX FINAL ASSEMBLY 142-171 

2 
2 
l 
I 
1 
I 

A/R 
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SECTION VII 

ANTENNA INSTALLATION 

FOR 

MODEL A-468MS 
unnuT A L£Ou~/nv nvuLL tt-~uon~/~ 
MODEL A-468HX 
MODEL A-468RK 
MODEL A-468RKC 

EXTERNAL ANTENNA INPUT 

7-1 GENERAL INFORMATION 

7-2 All of the above antennas and kits are specifically for 
use with the Kinemetrics/TrueTime Model 468-DC Satellite Synchro­
nized Clocks. Since these antennas include receiver controlled 
frequency conversion circuits, they must be used with the 
TrueTime Receiver/Clocks. 

7-3 SECTION II of the 468-DC Synchronized Clock Operating 
and Service Manual contains the necessary information for deter­
mining the correct antenna pointing angle. This section provides 
information as to the physical size and mounting dimensions. 

I I. 
I-'-+ MODEL A-468MS 

7-5 The Model 468-DC Synchronized Clock is normally shipped 
with the Model A-468MS Antenna unless the customer requests the 
Model A-468HX (see SECTION entitled, MODEL A-468HX), or the Model 
A-468RKC (see SECTION entitled MODEL A-468RKC). 

7-6 FIGURE 7-1 provides the physical dimensions of the 
Model A-468MS to assist in installation. When a Model A-468MS is 
ordered, the following items are supplied: 

1) Receiving antenna (Model A-468MS) 

2) Base, Antenna Mounting 

3) Shaft, Antenna Mounting 

4) Antenna Mounting Hardware Kit 

Lead-in 

7-7 FIGURE 7-2 provides the mounting hole pattern used 
for the base which is used to mount the Model A-468MS and Model 
A-468HX. 

7-1 



FIGURE 7-1 MODEL A-468MS AND MODEL A-468 MS/RK DIMENSIONS 

5.00 I 

.50TYP HOLE PATTERN 

FIGURE 7-2 BASE, ANTENNA MOUNTING DIMENSIONS 
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7-8 The Antenna Mounting Hardware Kit provided to mount the 
base consists of: 

1) Four (4) each 5/16" dia., 2" long bolts with nuts 
and washers. 

2) Four (4) each 5/16n dia., 3.Sn long lag screws. 

This kit should provide for universal mounting of the base at 
most locations. 

7-9 INSTALLATION: 

7-10 

1) Select an installation site with a clear view of 
the satellite(s) which you plan to be receiving. 
The viewing angle of the satellites is provided 
in SECTION II of this manual. 

2) Using the Mounting Hardware Kit provided, secure 
the base to an appropriate surface. 

3) Attach the "Shaft" provided to the "Pivot Bracket" 
attached to the back of the Antenna Package. In­
stall one bolt through the top hole in the shaft 
and through the center hole of the "Pivot Bracket". 

4) Slip the free end of the shaft into the tubing in 
the base previously mounted in Step 2 above. 

5) Rot a t e an~ pi v o ~ the an ten n a . in the b a s. e to 
proper or1entat1on for satellite reception. 
stall the remaining bolt through the "Shaft" 
"Pivot" bracket as well as the two bolts in 
base to secure the Shaft. Tighten all bolts. 

the 
In­
and 
the 

6) Connect the supplied 50 ft. coax to the antenna. 
The "N" connector connects to the A-468MS antenna 
and the end with the "BNC" connects directly to 
the Model 468 "ANTENNA" connector. Additional 
cable in 50 and 100 foot lengths can be obtained 
from TrueTime. These additional lengths have 
"BNC" connectors on both ends and includes a jack­
to-jack adapter allowing the cables to be connect­
ed end to end. 

MODEL A-468HX 

7-11 The Model A-468HX is available as an extra cost option 
in place of the MODEL A-468MS. The A-468HX is normally only 
required when the viewing angle of the satellite is less than 5° 
above the horizon. Since the satellite signal is attenuated by 
the increased travel distance through the atmosphere at these low 
angles, the added 6 db of gain provided by the helix can be of 
benefit to the user. In addition, whenever local interference of 

7-3 



"land mobile"' transmitters is a significant problem, the narrower 
beam width of the helix can aid in such signal rejection. 

7-12 For shipment, the A-468HX is packed in one wooden crate 
and includes the following: 

1) Helix Antenna Sub Assembly 
(including the Pivot Bracket). 

2) Shaft, Antenna Mounting. 

3) Antenna electronics package including 1 ft. 
interconnecting cable). 

4) Base, Antenna Mounting (including Mounting 
Hardware Kit). 

5) Lead-in coax, 50 ft. of RG-58/U. 

7-13 A photograph of the assembled MODEL A-468HX, including 
dimensions, is provided in FIGURE 7-3. 

7-14 

7-4 

INSTALLATION: 

1) Keeping in mind the viewing angle of the satellite 
as determined from SECTION II of this manual, se­
lect a suitable installation site for the antenna. 

2) Using the Antenna Mounting Hardware Kit provided, 
securely mount the "Base" in the selected site. 
The dimensions for this base are provided in 
FIGURE 7-2. 

3) Remove the shaft and antenna electronics package 
from the shipping crate. Slip the round end of 
this shaft into the base. Bolt t~ntenna 
electronics package to the shaft with the hardware 
provided. NOTE: The "N" connector labeled "FROM 
ANTENNA" must bolted toward the "flattened" end of 
the shaft. Refer to FIGURE 7-3. 

4) Remove the Helix Antenna from the shipping crate. 
Using one of the bolts provided, connect the 
center hole in the pivot bracket on the back of 
the helix, to the top hole in the shaft. 

5) Pivot the helix to the correct elevation for 
satellite reception and install a second bolt 
through the pivot bracket and through the shaft. 
Select the hole in the pivot bracket closest to 
the elevation required for your location. NOTE: 
REGARDLESS OF THE ACTUAL ELEVATION OF THE 
SATELLITE, NEVER AIM THE ANTENNA LESS THAN 15' 
ABOVE THE HORIZON. AN ANGLE OF LESS THAN 15' WILL 
RESULT IN RECEPTION OF EARTH GENERATED "THERMAL 



NOISE". THIS WILL INTERFERE WITH THE "GOES" 
SIGNAL AND DEGRADE THE UNIT PERFORMANCE. 

Tighten the two pivot bracket bolts just installed. 

FIGURE 7-3 MODEL A-468HX ANTENNA DIMENSIONS 
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6) Rotate the helix to the proper compass heading for 
satellite reception and install the two bolts 
provided through the base to secure the rotation 
of the helix. 

7) Connect the free end to the 1 ft. cable (which is 
factory connected to the top end of the antenna 
electronics package) labeled "FROM ANTENNA" to the 
"N'' connector on the back of the Helix Antenna. 

8 ) Conn e c t th e 5 0 f t . 1 e ad - in c o ax fr om the "N" 
connector on the bottom of the antenna electronics 
package (labeled "TO RECEIVER") to the "ANTENNA" 
BNC on the MODEL 468-DC. Addition al cable in 50 
and 100 foot lengths can be obtained from 
TrueTime. These additional lengths have BNC con­
nectors on both ends and includes a jack-to-jack 
adapter allowing the cables to be connected end to 
end. 

7-15 MODEL A-468RK 

7-16 The Model A-468RK Remote Kit is available as an extra 
cost option for the Model A-468MS or A-468HX. This is generally 
ordered when the user expects to encounter temperatures below 0°C 
or above 50°C. This "REMOTE KIT" provides an in-line housing for 
the temperature sensitive components in the antenna. This in-
1 ine housing can be up to 25 feet from the A-468 when using the 
supplied cable. The 25 foot cable supplied with this option 
should not be shortened or lengthened. The intention of this 25 
foot adOTI:ion to the cable is to permit the user to place this 
housing in a more protected environment (under the eaves, in the 
attic, or in the actual users building). 

7-17 When the Model A-468RK is ordered with the Model 
A-468MS or 468-HX, in addition to the items received as described 
in SECTION VII under MODEL A-468MS or MODEL A-468HX, the follow­
ing items will be included: 

1) Antenna electronics housing (A-468RK) 

2) Special 25 ft. interconnecting cable 

7-18 The user should note that the A-468RK will only operate 
with the TrueTime Model A-468MS or A-468HX which has been pre­
pared to operate with the Model A-468RK at the factory. Such 
units are labeled as "MODEL A-468MS/RK" and "MODEL A-468HX/RK" 
respectively. 

7-19 FIGURE 7-4, on the next page, is a dimensioned 
photograph of the Model A-468RK to assist in mounting of this 
housing. FIGURE 7-5 provides a complete mounting hole pattern 
for preparation in bol.ting this housing in place. 
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FIGURE 7-4 MODEL A-468RK AND MODEL 468-RKC DIMENSIONS 

.75 TYP--ir ~>------11.5 __ ___..,_. _r-1.o·TYP 
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FIGURE 7-5 A-468RK AND A-468RKC MOUNTING DIMENSIONS 
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7-20 Once the Model A-468MS or A-468HX is mounted and 
installed, as described earlier in this section, the Model 468-
RK should be mounted within the 25 ft. cable run of the antenna. 
To connect the system: 

1) Using the provided 25 foot cable (RG-8U), connect 
one end of the cable to the receiving antenna 
out put "N" connector. Connect the other end to 
the A-468RK "N'' connector labeled "FROM ANTENNA". 

2) Connect the 50 ft. lead-in coax (RG-58/U) to the 
"N" conn e c tor 1 ab e 1 e d "T 0 REC E I VER". The 
remaining end of this 50 ft. cable is provided 
with a BNC for connect ion to the "ANTENNA" input 
on the Model 468-DC Synchronized Clock. 

7-21 MODEL A-468RKC 

7-22 The Model A-468RKC is normally ordered as a "no-charge" 
option whenever the user wishes to use his own signal receiving 
medium, such as an aircraft fin antenna. This A-468RKC consists 
of all the same electronics housed in the Model A-468MS or 
A-468HX antenna, but repackaged in a single housing without the 
receiving medium. 

7-23 When a Model 468-RKC is ordered, the following items 
are supplied: 

1) Antenna electronics housing (Model A-468RKC) 

2) 50 ft lead-in coax, RG-58/U 

7 - 2 4 The input conn e c tor for the A- 4 6 8 R KC i s an "N" con -
nector to accept the 468MHz signal from the users antenna. The 
input cable from your receiving medium should be kept as short as 
possible. It is recommended that RG-8 or RG8X cable be used and 
kept less than 3 feet. If RG-58/U is used, a length of less than 
1 foot must be used. 

7-25 The A-468RKC is identical in size and mounting pattern 
as the A-468RK as shown in FIGURES 7-4 and 7-5. 

7-26 For the ouput from the A-468RKC, a 50 foot length of 
RG-58/U is provided. From the connector labeled "TO RECEIVER", 
connect the appropriate end of this lead-in coax. Connect the 
other end to the Model 468 "ANTENNA" input connector (BNC). 
Additional cable in 50 and 100 foot lengths can be obtained from 
TrueTime. These additional lengths have BNC connectors on both 
ends and includes a jack-to-jack adapter allowing the cables to 
be connected end to end. 

7-27 EXTERNAL ANTENNA INPUT 

7-28 This option can be ordered in conjunction with the 
standard Model A-468MS, or A-468HX antenna. When ordered, it 
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allows the unit to operate as a standard antenna or through the 
use of an input from an "external antenna". 

7 - 2 9 W i t h th i s opt ion , t w o 11 N'' c on n e c tor s a r e fa c t or y in -
stalled on the side of the antenna case and a short coax is 
connected between them. When the signal is received in the helix 
or through the microstrip, the signal goes out through the 
connector labeled "FROM ANTENNA", through the short coax and into 
the unlabeled "N'' connector. If the jumper is disconnected from 
the un 1 ab el ed "N" connector, the ex ter na 1 antenna can be fed 
directly into the pre-amp. 

7-30 This option allows versatile input to the pre-amp and 
basically allows the standard unit to be used as a Model 468-RKC. 
The size and installation of the Model A-468MS or A-468HX is 
unchanged by this option. 
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SECTION VIII 

IRIG-B AND IRIG-H TIME CODE FORMAT 

8-1 INTRODUCTION 

8-2 The IRIG-B Time Code as outputted from the Model 468-DC 
and IRIG-H if optionally ordered, is as described in "IRIG 
,.,mA"l.TT"'\..AT"'\T"'\.. ~T ... ~ ~"'T"'\ ... Am~•· m_., - ,..,_ • - I. - -- TT _ _ 1. ,., - - 'T' • 

.::> 11\l~Ul\KU l ll"lr. r UK.l"ll\ i .::> ie i.e-1..,,omm un ic a r ions wor King \..Jroup, 1 nrer -
Range Instrumentation Group, Range Commanders Council, IRIG 
Document 104-70. This document is published by Secretariat, 
Range Commanders Council, White Sands Missile Range, New Mexico, 
88002 dated August 1970. 

8-3 The standard time formats described in this publication 
were designed for use in missile, satellite and spaceresearch 
programs which require the use of a standardized time format for 
the efficient interchange of test data among the various users of 
the data. These formats are suitable for recording on magnetic 
tape, oscillographs, film and for real-time transmission in both 
automatic and manual data reduction. The IRIG-B format from the 
Model 468-DC is suitable for remote display driving, recording on 
magnetic tape and many other uses. When the output is used as 
IRIG-B in the strict sense as described by the above mentioned 
document, the output must be in Universal Coordinated Time (UTC) 
and not converted to 12-hour basis or local time zone as is the 
capability of this instrument. The same is, of course, true of 
the IRIG-H output. 

8-4 IRIG CODE FORMAT 

8-5 The IRIG-B and IRIG-H Time Code as provided by the 
Model 468-DC is a serial time format with two coded expressions. 
The first expression is a time-of-year code word in Binary Coded 
Decimal (BCD) notation as days, hours, minutes and seconds. The 
second expression used here is a set of elements for encoding 
control functions which are used in the Model 468-DC to provide 
the user with worst case estimate of the timing accuracy. The 
estimate for this timing accuracy is discussed in SECTION III, 
entitled DISPLAY and also PARALLEL BCD TIME OUTPUT (Special Order 
Option), of this manual. The third expression sometimes found in 
the IRIG code, which is an expression of time-of-day in Straight 
Binary Seconds (SBS) notation, is not outputted by the Model 
468-DC. 

8-6 Each pulse, or element, in the format of the level­
shift encoded signal has a leading edge which is "on time"e The 
repetition rate of the elements in the IRIG-B is 100 pulses per 
second and l pulse per second in IRIG-H. The index count inter­
val, or the time between the leading edges of two consecutive 
elements, is 0.01 seconds with IRIG-B and 1 second with IRIG-H. 
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8-7 The time frame format begins with a frame reference 
marker and consists of all the elements between two consecutive 
frame reference markers. This frame reference marker consists of 
a consecutive position identifier element and a "P" reference 
element each having a duration of 0.008 seconds in IRIG-B and .8 
seconds in IRIG-H. The on time reference point of time frame is 
the leading edge of the second pulse. The repetition ~ate of the 
time frame called the "time frame rate" is 1 fps (frame per 
second) with IRIG-B and 1 fpm (frame per minute) with IRIG-H. Po 
occurs one index count interval before the frame reference point 
and each succeeding position identifier (P1, P2, P3, P4, etc.) 
occurs every succeeding tenth element. The repetition rate then, 
of the position identifiers, is 10 pps in IRIG-B and 6 ppm in 
IRIG-H. There are seven position identifiers per IRIG-H frame 
and 11 position identifiers per IRIG-B frame. 

8-8 The BCD time-of-year code word is pulse width coded. A 
binary "l" element has a duration of 0.005 seconds, a binary "O" 
has a duration of 0.002 seconds for IRIG-B. IRIG-H in .5 seconds 
for a "l" and .2 seconds for a .. O". This format is then used to 
encode the BCD time-of-year code word which consists of decimal 
digits in a 1-2-4-8 binary sequence. 

8-9 When the IRIG-B from the Model 468-DC is in the ampli­
tude modulated 1 KHz format, the sine wave carrier frequency is 
synchronized to have a positive going axis crossing coincident 
with the leading edge of the modulating format elements. The 
IRIG-H format is D.C. level shift format as supplied by the 
factory. See SECTION I I I, entitled IRIG-H (Special Order 
Option). 

8-10 FIGURE 8-1 on the following page depicts the IRIG-B 
Time Code, and FIGURE 8-2 depicts IRIG-H. 

8-11 CONTROL-FUNCTIONS 

8-12 The control functions provide the user of the IRIG-B 
Time Code with a record in their recording of the estimated worst 
case accuracy of the Model 468-DC time information. This is more 
fully covered in SECTION III, under DISPLAY and PARALLEL BCD TIME 
OUTPUT (Special Order Option). A "l" or .005 second pulse width 
in the following locations signify the accuracy specifically. 

Control Function Elanent 4 (or time Pr+53Qns) in-lock indicator 
Control Function Elanent 6 (or time Pr+55Qns) indicates +l.Oms worst case 
Control Function Elanent 7 (or time Pr+560ms) indicates +5.0ms worst case 
Control Function Elanent 8 (or time Pr+57Qns) indicates +50.Qns worst case 
Control Function Elanent 9 (or time Pr+580ms) indicates +"500.Qns worst case 

8-13 This information is also utilized by the TrueTime Model 
RD-B to duplicate the display of the 468-DC Master Clock. At 
+50ms the colons are flashed, and at +SOOms the display will 
blink on the Model RD-B. 



8-14 The IRIG-H Time Code does not contain these control 
bits. These have not been included due to the relative time 
frames and usage of this code as opposed to the IRIG-B Code. 
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IN CASE OF FAILURE 

MODEL S/N OPTIONS --------------- -------
First contact the Service Department at Kinemetrics/True 
Time at (707) 528-1230. Complete this form, attach to 
instrument and forward to Kinemetr ics/TrueTime. 

Failure Mode is:D 
Constant 

Intermittent D 

Describe Problem/Symptoms: 

NAME CCl1PANY ------------------- -----------------------
STREET CITY ------------------------- ---------------·-------
STA TE ZIP PHONE NO. --------- --------------- ~-----------

IN CASE OF FAILURE 

MODEL S/N OPTIONS --------------- -------
First contact the Service Department at Kinemetrics/True 
Time at (707) 528-1230. Complete this form, attach to 
instrument and forward to Kinemetr ics/TrueTime. 

Failure Mode is: D 
Constant 

Intermittent D 

Describe Problem/Symptoms: 

NAME COMPANY 
~----------------- ----------------------

STREET CITY ----------------------- -----------------
ST A TE ZIP PHONE NO. ------ --------------- ----------------

FOLLOW UP INFORMATION EXCHANGE 

MODEL S/N OPTIONS --------
Please fill in and mail on (One Year). 
1. How is the instrument us_ed_? __ --------

2. Describe any problems or changes you would like to see 

NAME C:Cl1PANY -----------------------
STREET CITY ------------------- -----------
STATE ZIP PHONE NO. ----- ---------------- -----------------

USER REGISTRATION 

MODEL S/N OPTIONS --------------
Please complete this card and return to Kinemetrics/True 
Time. This will allow us to keep you directly informed 
of any manual correct ions or additions and application 
notes which apply to your particular instrument. 

NAME COMPANY -------------------, 
STREET CITY --------------------------- -----------------
STATE ZIP PHONE NO. 

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



KINEMETRICS I TRUETIME 
3243 Santa Rosa Ave. 

Santa Rosa, CA 95407 

KINEMETRICS /TRUETIME 
3243 Santa Rosa Ave. 

Santa Rosa, CA 95407 

KINEMETRICS I TRUETIME 
3243 Santa Rosa Ave. 

Santa Rosa, CA 95407 

KINEMETRICS I TRUETIME 
3243 Santa Rosa Ave. 

Santa Rosa, CA 95407 


