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SECTION 1 

GENERAL INFORMATION 

1.1 General Description. 

The TFT Models 7610 , 7615 and 7630 provide digital 
remote contro l of AM, FM, and TV transmitters. The basi c component 1 S 

the Model 7610 Digital Tel emetry / Control System . Additiona l equipment 
includes the Model 761 5 Status Monitoring/Direct Control System and the 
Model 7630 Channel Expander. These three model s are descr i bed i n 
Subsections 1.1.1 through 1. 1.3. 

Other options include an SCA Generator and Detector for 
use with radio or TV communication s links ; a BCD Card for extern al BCD 
data input ; an Ex t ernal Control Interface for use when external 
equipment is to be connected to the Model 7610C to provide control 
commands; an d an external t elemetry BC D data outpu t from the 7610C. 
These options can be ordered with the Model 7610, in which case they 
are i nsta l led at the factory; or they can be ordered late r and 
installed by the customer in the field . 

1. 1.1 Mode l 7610 Digital Telemetry/Control System. 

This system i s the basic buil ding block for remote 
con t rol. It consists of a Mode l 7610-C uni t for use at the control 
site, and a Mode l 7610-R unit for use at the remote site. The two 
units may be linked by telephone wire line (TELCO) or by STL mi crowave 
or radio (SCA). The system provides 10 channels of raise/lower or 
on/off control, and a display of telemetry from the remote site for 
each of t he 10 channels. The Model 7610 alone ; s a complete remote
control system . However, its capabi li ties can be increased by use of 
other 7600 Ser ies equipment described i n Subsections 1. 1. 2 and 1. 1.3 . 

Individual channel s are sel ected by means of thumbwheel 
switches on the front panel of the 7610-C. Once selected, the channel 
number ; s sent t o the 76 10-R t o select t he channel at the remote point , 
and is then sent back to the control point and displayed on the front 
panel for verification. The system addresses this channel and displays 
the meter reading from the remote site on a fron t -panel 3 1/2 digi t 
telemetry display on the 7610-C. Meter readings are updated three 
time s pe r second. 

Control commands are i nitiated by pushing ei ther the 
UP/ON or DOWN/OFF button on the front panel. When a command i s 
activated at the contro l pOint , a signal i s fed back from the remote 
po i nt . Th i s signal ver i fies receipt of t he command by illuminating the 
active comman d button . To ensure data accuracy and to reduce the 
possibility of operator error, eac h control command i s sent twice. Th 
two are then compared at the remote site , bit by bit. Only if they 
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1.1. 1 Continued 

match exactly are the commands carriec out. For externa l control, a 
rear-pa nel connector on the 7610-C can be enabled by the fro nt -panel 
EXTERNAL CON TROL swi tch . I t allows external selection of channel number 
and command by a computer or other external device . 

A control failsafe circuit in the 7610- R monitors 
rece~tion of control ~n~ sync bits, and if t hese bits are not received 
for a period of 20 to 55 seconds (adjustable), contacts on a relay open 
to shut down the t ra nsmitter . These relay contacts are also opened by a 
power f ail ure in the 761 0-R. 

A telemetry failsafe circu i t in the 7610-C mo ni tors the 
telemetry data fr om t he 7610-R and produces a higr-level TTL output when 
there is a downl i nk data fa : ]ure l ast i ng more than 7 to 12 seconds . 
This output l ight s an LED or the telemetry dis~lay on the 7610- C front 
pane~, and also puts the failsafe bi: sent up to the 7610-R at a high 
logic level 

The Mode l 7610-R has a front-panel DVM for telemetry 
readout, together with scaling potentiometers, so that one man can 
calibrate the system on-site . For such local operations, a switch on 
the 7610-R locks out control from the 7610-C control and overrides the 
telemetr~ and control fai l safes . In local operat i on, the channe l may be 
selected by thumbwheel switches on t he 7610-R. 

1.1 2 Model 7615 Status Mon itoring/Direct Control System. 

Th;s system, wh i ch cons i sts of a Model 7615-C for t he 
cor-~rol site and a Model 7615-R for the remote site, provides di rect 
on/of ~ control of up to 15 different functions, such as f i lament 
voltage, plate vo : tage , main power, overload rese t , tower ligh t s, and 
program source selection . This el i minate~ the necess i ty of di aling in 
the chanrels one at a time . On/off commands are norma l ly i ni titated Jy 
toggle switches on the front pane: of t he 76:5-C, but they can also be 
initiated by similar switches on the 7615-R for on-site local control. 

The Model 7615 provides 15 status channels , each with its 
own independenL LED indicator. The status ' ndicators can also be used 
to verify on/off functions. Stat us out puts can be used to drive 
external devices and alarms . 

For additional co ntro~, two Model 7615 pairs can be used 
simul taneously with one ~odel 76 10 to provide 30 on/off control channe's 
and 30 status mon i toring channe l s . 

1. 1.3 Model 7630 Channe l Expander . (Option0') 

The Model 7630 is instal l ed at the remote s'te to expand 
the up/down and te1emetry functions of t he Model 7610 from 10 to 30 
channels . 
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1 . 1 .3 Mode l 7630 Ch anne l Expander. (Optional) (Continued) 

Addi tional Model 7630 ' s can be added to t he Model 76 10 to 
provi de a total of 80 up/ down and telemetry f unc ti ons or channel s. 

1. 2 Spec i f ications . 

System Capacity al Up to 80 channels of 

TELEMETRY 

Accuracy 

Update 

Analog Input Voltage (Tele +,-) 

Input Common-Mode Voltage 

Inpu t Impedance 

Input Isolation 

Control Outputs 

76l0-R and 7630 (Up/on, 
down/off rear barrier strip) 

761S-R Relay Outputs 
(Rear Panel) 

Data Transmission 

Communication Link Requirements 

Telephone Line 

1- 3 

momentary up/down or on/off 
control with telemetry reading. 

76l0-R : 10 channels 
7630: 20 channels each 

b} Up to 30 channels of direct 
on/off control and status 
display. 

7615-C/R: 15 channels per 
pair. 

. 1% of reading +1 count . 

Three updates per second . 

+l vdc, D~ is accurate to a 
count no greater than +3100, 
equal to +3.100VDC. (do not 
exceed +4volts absolute maximum 
into A-O converter) . 

+3S0vdc. 

50 k il ohms. 

Optically isolated. 

Relay contact closure , isolated , 
AC/DC rated, noninductive load: 

A at 115vac or 2A at 
26vdc . 

O.5A at l15vac or lA at 26vdc. 

Digital pulse-code-modulated FSK 
modems; lS~-baud control, 300-
baud tel emetry. 

Two-wire unconditioned , Series 
3002 data circuit . 



1 2 Contirued 

Audio Channel 

Radio (STLl 

Radio (off-air) 

SCA/Subcarrier Modulator 
Output 

SCA/Subcarrier Demodulator 
Input Range 

:ail-Safe Provisions 

Jplink Control (7610-R) 

Downlink Telemetry (7610-R) 

Downlink -elemetry (76l0-C) 

Local ~,ode :ndication (76l0-R 
Rear Panel) 

Model 7615 Jnputs and Outputs 

Control Input Requirements 
(7615-C rear panel) 

Status Output (7615-C 
rear panel) 

Status Input (7615-R 
rear panel) 

Local Warning (7615-R 
rear panel) 

Any voice-grade channel having a 
bandwidth of 300Hz to 3kHz. 
Maximum attenuation of -30dB. 

Plug-in FM subcarr1er modulator 
and demodulator for command 
link, 

seA frequencies. (Consul t 
factory) 

Adjustable 0-800mV rms. 

20m v to 700mV rms 

Normally closed relay contacts 
rated (noni~ductive load) for 
0.5A at l15vac or lA at 26vdc. 
Adjustable delay of 
approximately 20 to 55 seconds· 

lO-second no~inal delay_ Output 
for driving external one-hour 
timer and TV fail-safe units for 
full co~pliance with FCC Rule 
73.676. 

Front panel red L[J. la-second 
nominal delay. Rear panel TTL 
output. 

Relay contact closure. Contacts 
rated (noninductive load) for 
O.SA at ll5vac or lA at 26vdc · 

Jry contact closure or TTL logic 
zero. (Alternative to 76~5-C 
front panel switches) 

TTL levels; low "evel indicates 
active LD. 

Jry contact closure or TTL logic 
zero. 

Switch contact closure. Contact 
rated for 2A noninductive load. 

l-t . 



1.2 Continued , 

Power Requi red 

Mode' 7610-C 

jv,ode1 76l0-R 

Model 7615 (each 0: ' two units) 

Model 7630 

Operating Temperature 

MOIHlti n9 

Height and Weight 

Model 7610-C 

Model 7610-R 

',"odel 7615 (each of two units) 

;.rode1 7630 

Site Select Input (7610-C) 

External Control Input (7610-C) 

External BCJ Tel emetry Oata Ol.! ';put 
(7610-C) (Available as option on 
S~rial No. 225-3 and th~reafter) 

External BCD Channel Input Data 
(7610 R) (CH 8 and/or C;:9) 

1 3 Accessory Equipment. 

115 VAC .:!: 10% , 50 to 400Hz, 15 
wa tts max imum. 

115VAC ~10%, 50 to 400Hz , 25 
wa tts max ;mum. 

11 5 VAC + 10%, 50 to 400Hz, 10 
watts maximum. 

From Model 7610. 

00 to 500 C .. 

19-inch rack. 

3-1/2 inches, 12 pounds. 

5-1/4 inches, 16 pounds . 

3-1/2 inches, 11 pounds. 

5-1/4 inches, 14 pounds . 

4-Bi t TT L input 1 evel (true 
da ta) • 

;Tl input levels (non-~rue 
da ta) . 

TTL output levels with latch 
pulse (true data). 

TTL le"el inputs (true data) 

Various adapters may be purchased:rom Time and Frequency 
Techno 1 09Y, Inc - The se aCC f\ SSOr; es prov i de the conversion and proper DC 
voltage level output for the telemetry monitoring input connections to 
the 7610-R and 7630 (5). 
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1.4 warranty 

TIME & FREQUENCY TECHNOLOGY, IN C., warrant s each of the 
instruments of its manufacture to be produced to meet the specifications 
del i vered t o the BUYER; and t o be . free from defects i n material and 
workmanship and will repair or replace . at its expense, for a period of 
one year from the date of de l ivery of equipment, any parts which are 
defective from faulty material or poor workmanship. 

Instruments found to be defective during the warranty 
period shall be returned to the factory with transportation charges 
prepaid by BUYER. It is expressly agreed that replacement and repair 
shall be the sole remedy of BUYER with respect to any nonconforming 
equipment and parts t hereof and shall be i n lieu of any other remedy 
available by appl i cable law. All returns t o the factory must be 
authorized by the SELLER , prior t o such returns. Upon examination by 
the factory, if the instrument is found to be defective, the unit will 
be repai red and returned to the BUYER, wi th t ransporta t ion charges 
prepaid by SEL LER . 

Transportati on charges for instruments found t o be 
defective wi thin the f i rst thirty (30) days of the warranty period wi ll 
be pa id both ways by t he SELLER. 

Transpo r t ation charges for warranty returns, wherei n 
failure is found not to be the fault of the SELLE R, shall be paid both 
v'Ja ys by t he BUYER-.-

Th is warranty does not app ly to i nstruments which, in the 
opin i on of the SELLER, have been altered or mi sused . 

nO OTHER WARRANTY IS EXPR [ SSED OR IMPL IlD. TFT IS NO T 
LIAB LE FOR CONSEQUENTIAL DAMAGES . 

1.5 Claim for Damage i n Shipment. 

Your i nstrunent shou l d be inspected and tested as soon as 
i t i s recei ved . The i nstrument i s i nsured for safe de li very . If the 
instrurnent is damaged i n any way or fai l s to operate properly, file a 
c l aim with t he carrier, or if i nsured separately, with the in surance 
company. 

WE SINCEREL Y PLEDGE OUR IMMEDIATE AND FUL LEST COOPERATION TO AL L USERS 
OF OUR PRECISION ELECTRONIC INSTRUMENTS. 

PLEASE ADVISE US IF WE CAN ASSIST YOU IN ANY MANNER 

Time & Frequency Technology, Inc. 
3090 Oakmead Village Drive 

Sant a Clara, CA. 95051 

408-246-6365 
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SECTION 2 

INSTALLATION 

2. 1 Unpacking and Inspection. 

Upon recelvlng the equipment, inspect the packing box and 
equipment for signs of possible shipping damage. After installing the 
equipment as described in this section, operate it in accordance with 
the procedure of Section 3. If the equipment is damaged or fails to 
operate properly, file a claim with the transportation company. or with 
the insurance company if insure(~ separately. 

Models 7510 and 7615 require a prime power source of 117 
vae, 50 to 400Hz. They can also be wired for 230vac operation on 
special order. Power required for each model is as follows: 

Model 

7610 C 
7610 R 
7615 C and 7615 R 

Model 7530 derives its power from the Model 7610. 

2.2 Pre-Installation Checkout. 

Power 

15 W 
25 W 
10 W each uni t 

To ensure that the Model 7610 is completely functional 
when it is received. the following closed-loop checkout should be 
performed before installation. The 7610-C and 7610-R are interconnected 
to simulate actual installation. 

2.2. 1 Interconnection Procedure. 

For telephone wireline (TELCO) operation, connect a 
twisted-wire pair b~tween the rear panel TELCO terminals on the 7610-C 
and the rear panel TELCO terminals on the 7610-R. 

For microwave (STL) uplink operation and FM radio (SeA) 
downlink operation, proceed as follows: 

a. Connect the SUBCARRIER CONTROl OUT connector on the 
7610-C to SUBCARRIER CONTROL IN connector on the 76l0-R. 

b. Connect the SUBCARRIER TELEMETRY IN connector on the 
7610-C the SUBCARRIER TELEMETRY OUT connector on the 76l0-R. 

( 



2.2.1 

2.2.2 

2.2.2.1 

Interconnection Procedure. (Continued) 

NOTE 

The communication link (both up and down) requires 
an SeA generator (modulator) and a corresponding seA 
detector (demodulator), either included in the 7610-
C/R or external to the 761D-C/R. 

~ystem Checkout .Procedure. 

Model 7610-C. 

a. The EXTERNAL CONTROL switch on the front panel must 
be in the OFF position, and the 76l0-R LOCAL MODE switch must not be 
activated. 

b. Using the 7610-C CHANNEL SELECT thumbwheel switches, 
dial in channels 00 through 09. The channel selected should be 
indicated in the CHANNEL VERIFICATION window, and the TELEMETRY DATA 
display should read 0000 +0002. As each of the channels is selected, 
the corresponding relay in the Model 7610-R should be heard energizing. 
Audibly verify relay operation for all 10 channels. 

2.2.2.2 

c. UP/ON and DOWN/OFF Control. 

(1) Depress the 7610-C UP/ON button. Verify that 
the UP/ON pushbuttons on both the 7610-C and 
the 7610-R light. Release the button. 

(2) Depress the DOWN/OFF button. Verify that the 
DOWN/OFF pushbuttons on both the 7610-C and 
7610-R light. Release the button. 

(3) Simultaneously depress the UP/ON and DOWN/OFF 
pushbuttons on the 7610-C. Verify that no 
buttons light on either the 7610-C or 7610-R. 

Model 76l0-R. 

a. With the LOCAL MODE switch not activated, verify 
that the 7610-R UP and DOWN control switches have no effect when 
depressed and do not light. Also, verify that the 7610-R TELEMETRY DATA 
display is inactive (blank) except for the polarity ~ indication. 

b. Local Control 

(1) Depress the LOCAL MODE switch. Verify that the 
switch lights and that the 7610-R TELEMETRY 
DATA readout indicates 0000 +2. 
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2.2.2.2 Model 7610-R. (Continued) 

(2) The 7610-C should indicate the same channel 
selected on the 7610-R and also the same data 
(0000). Verify by selecting channels 00 
through 09 on the 7610-R. 

(3) Alternately depress the UP/ON and DOWN/OFF 
switches on the 7610-C and verify that they 
have no control of the 7610-R. 

c. UP/ON and DOWN/OFF Control. 

(1) Depress the 7610-R UP/ON button. Verify that 
the UP/ON pushbuttons on both the 7610-C and 
7610-R Light. Release the UP/ON button. 

(2) Depress the 76l0-R DOWN/OFF button. Verify 
that the DOWN/OFF pushbuttons on both the 7610-
e and 7610-R light. Release the DOWN/OFF 
button. 

(3) Simultaneously depress both the UP/ON and 
DOWN/OFF pushbuttons on the 761O-R. Veri fy 
that no UP or DOWN pushbuttons 1 ight on either 
the 7610-C or 76l0-R. 

d. Control Failsafe. 

(1) Place an ohmmeter across the CONTL FAILSAFE 
terminals on the 7610-R rear panel connector 
J17. It should read less than 1 ohm. 

(2) Remove AC power to the Model 7610-C. After a 
time delay of 20 to 55 seconds (adjustable), 
the relay contacts should open and the ohmmeter 
reading should go to infinity. 

e. Telemetering Calibration. 

(1) Connect an external DC voltage source (not to 
exceed +3.00vdc) to the TELE + and - terminals 
for channel 00 on the 7610-R rear panel. 
Adjust the front panel calibration 
potentiometer for channel 0 fully clockwise. 

(2) With the LOCAL MODE button depressed, select 
channel 00 and verify that a reading 
corresponding to this input voltage ;s 
indicated on the display. Adjust the front 
panel calibration potentiometer 
counterclockwise for this channel and verify 
that the readout changes on both the 76l0-R and 
7610-C. 
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2. 2.2.2 Model 76 10-R . (Continued) 

(3) Repeat steps (1) and (2) for the ni ne rema ining 
channels, i f desired. 

2. 2. 2. 3 Phone Li ne Loss 

If a wi re or phone l i ne li nk i s to be used between the 
7610-C and 761 0-R. "in sert a 3D- dB, 600-ohm attenuator between t he t wo 
units, usi ng t he resistors supp l ied . Repeat t he steps un der the 76 10 -C 
system checkou t procedure . 

2. 3 

TELCO 
76 10-c 

Installation an d Connections. 

TELCO 
76 10- R 

The 761 0 C/ R. 7615 C/R and 7630 un its are desig ned for 
installati on i n a stan dard 19-inch relay rack. Re quired connec t ions to 
the units are gi ve n below. 

2.3. 1 Model 7610-C Rear Panel Connections. (F igure 3-2) 

a. When a TE LCO communicat ion li nk is to be used, 
connect t he TELCO 1 ine to the TE LC O tenninal s on tenn inal str ip J12. 

b. When a radi o mic rowav e uplin k i s to be used, conn ect 
CONT ROL OUT conn ec tor J13 t o the st ation' s SeA generator . If there i s no 
SCA Generator at t he station, the op tio nal SeA Generator/ Detector Card 
~l'st De i nstalled in the 7610-C; t hen t he CONTR OL OUT co"nector is 
connected directly to t he multiplex input of t he sta t ion' s ST L 
transmitter (see Figure 6-3 ). The out put l ev el of the SCA generator 
withi n the 76 10-C shoul d be adj usted by adjusti ng R2 of t he SCA generator -
detector board t o the level required by t he STL t ransmitte r . 

c. When a rad i o or TV SeA communic ation downli nk is t o 
be used , connect TEL EMETRY IN connector J14 t o t he statio n' s SCA Mo nito r 
output . If there is no stati on SCA Monitor, the optional SCA 
Generator/De tector Card must be i nstall ed in t he 761 0-C; then t he 
TE LEMETRY IN connector is connec ted directl y t o t he composi te , or SCA 
subca rr ier out put of the stati on 's FM or TV r eceiver ( see Fig ure 6-3). 

NOTE 

Depending on communic ation link options. verify that the 
i nte r nal DIP swi tc h Sl on t he 7610-C mother board is setup per Table 2-1. 
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Table 2-1. Model 7610 Communication Interface Selections 

DIP Switch 51 
pos I t'J on on 

7610-C 
Mother Board / ~/ ~ ~/ vf FOR OTHER COMBINATIONS 

I OFF OFF OFF ON : CON SU LT FACTORY 

2 OFF ON OFF ON 
3 OFF ON OFF ON 

ON OFF OFF OFF 
5 1 ON ON ON ON 

ON ON ON ON 
7 T OFF ON ON OFF 
8 I OFF OFF ON OFF 

DIP Sw i tc h S I 
position on 

7610-R 
Mother Board FOR OTHER COMBINATIONS 

CONSULT FACTORY 
1 OFF OFF OFF 
2 ON ON ON 
3 OFF ON OFF 

-
OFF OFF ON 

5 OFF ON OFF 
ON OFF N 

7 OFF ON ON 

NOTE: All of the above configurations require a complete 
FSK Modem board in the 7610-C and 7610-R. 
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2. 3. 1 Model 7610-C Rear Pane l Connections. (F i gure 3-2) Continu2d 

d. For a vi sua l or aural indic at ion of downlink data 
fa il ure at t he control site, connect an appropriate dev ice to t he T ~ LE 
FA IL term inal of terminal str i p J12 . These tenn 1nal s provide a high
l evel TTL output when a downlink f ail ure l as t s more than 7 to 12 
seconds . 

e . ! f mul ti pl e remote t ransmi tter s are t o be 
controlled , connect a cabl e from SITE SELECT connector J1 6 to the ;-emote 
site select box. 

f If external control of CHANNE L SE LECT and UP/DOWN 
f unctions are to be used , connect them to EX TE RNAL CONTROL connec t or 
J17. 

g. If external BCD output from t he 7610-C is to be 
used , connecti on fo r t he output shall be made t o J1 9. 

h. If one or two optional Model 76l5 's are t o be used, 
connec t them t o 7615 STATUS/CONTROL connector J18 . 

i. If External FSK data recei ved on the telemetry 
downl i nk is used for external monitoring, make connec t ion s to EXT ERNAL 
DATA OUT , J15 . 

2.3 . 2 Model 761O- R Rear Panel Connections. (Fi gure 3-4 ) 

a . Whe n a TELCO commun ication link is to be used, 
connect the TELC O 1 i ne to t he TELCO t erm; nal s on term; nal str i p J17. 

b. Wh en a rad io mic rowave uplink is to be used, connect 
CO NT ROL IN connecto r J18 to the mul t iplex ou tput of t he STL receiver at 
the remote site. 

c. When a rad io or TV SCA subcarr ier downlink is to be 
used, connec t TE LEMETR Y OUT CONNECTOR J 19 t o the SeA modul ation i nput of 
the FM or TV t ran smitter. The output l evel of the SCA generator with in 
the 76 l 0-R should be adj us t ed by adj usti ng R2 of the SCA generat or 
detector bo ard to the level required by the r adio or TV t ran smitter. 

NOTE 

De pendi ng on communi cat ion li nk options , ver ify that the 
in terv al DIP switch Sl on t he 76l0-R mot her board is set up per Tabl e 2-
1 • 

d. Connect the LOCAL MODE te rm inals of t erm i nal strip 
J17 t o an appropr iate dev ic e to indi cate remote-si t e local-mode 
operation . These t erm inal s provi de a re l ay contac t closure dur ing local
mode ope ra tion. Relay contacts are rated for O.5A at 115vac or l A at 
?fiudc. 
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2.3.2 Model 7610-R Rear Panel Connections. (Figure 3-4) Continued 

e. Connect an appropriate device to the CONTL FAILSAFE 
terminals of terminal strip Jl7 to remove power to the transmitter during 
uplink failure or local power failure. These terminals provide a relay 
contact closure during normal operation, and a contact opening for uplink 
failure or power failure. Relay contacts are rated for 0.5 A at l15vac or 
lA at 26vdc. 

f. To provide an indication at the remote site of 
downlink telemetry failure, connect an appropriate device to the TELE 
FAILSAFE terminals of terminal strip J17. These terminals supply a 12volt 
relay energizing voltage when there is a downlink failure. Current is 
limited by a 100-ohm resistor. 

g. On the 7610-R front panel, turn the channel 
calibration potentiometers (Reference 1 in Figure 3-3) fully 
counterclocKwise if the DC input voltage is to exceed 4 volts. Connect 
each of the telemetry monitoring pOints through an appropriate interface 
to provide a low level DC signal to the pair of terminals on the TELE-/+ 
terminal strip corresponding to the desired channel. When the input 
polarity is the same as that marked on the TELE connector, the TELEMETRY 
DATA display will be preceded by a +; otherwise, the display will be 
preceded by a -. The input line can float at a voltage of up to + 
350volts with respect to ground, but the voltage across any pair of 
TELE-/+ terminals must be such that the voltage out of the calibration 
potentiometer does not exceed 4 volts DC. Calibration of the individual 
channels ;s covered in Section 3. 5. 

h. Connect each pair of terminals (A-B) on the UP 
terminal strip to an appropriate device for turning on a piece of 
equipment or increasing the value of a quantity. The relay contact 
closure from A to B for each channel is rated at ll5vac, 1 A or 2A at 
26vdc. 

i. Connect each pair of terminals (A-B) on the DOWN 
terminal strip to an appropriate device for turning off a piece of 
equipment or decreasing the value of a quantity. The relay contact 
closure from A to B for each channel is rated at l15vac, lA or 2A at 
26vdc. 

j. If the external BCD input option is installed, connect 
the input into the BCD CH9 connector. If additional input is required, 
use both the BCD CH9 and the BCD CH8 connectors. 

k. When one or two optional Model 76l5-R's are to be 
used, connect them to the 7615 connector, J2l. 

1. If one or more optional Model 7630's are to be used, 
connect them to the 7630 connector, J23. 

m. If the optional analog scanner is to be used, connect 
the input from the external monitoring device to the EXT TELE SEL IN 
connector, J22. 
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2.3 . 2 Model 76 l0- R Rear Panel Co nnecti ons. (Figure 3-4) Con t inued 

n. If t he optional analog scanner and 7 ~ 30 (s) are to be 
used i n conjunction wi t h an external monitoring dev i ce, co nn ect a cabl e 
from the EXT TELE SEL OUT connecto r J 24 to the Model 7630 (s) . 

o. If external FSK da ta is to be sent with the 7610-R FSK 
data on the downl i nk, connect t he external FSK data sour~e to the EXT DATA 
IN connector , J 20 . 

2. 3. 3 Mode l 7615-C Rea r Panel Connecti on s. (Fi gure 3-6) 

a . If desired, connect the t enn i na l pa i rs on the STATUS 
barrie r str ips J6 and J7 , to exter nal i ndicators t o du plicate the front 
pan el indicators. A l ow l evel at t hese te nn inals co rres ponds ':"0 a 1 ightt:J 
fr ont panel indicator. 

b. I f desired, connect the t enninal pairs on thE: COt',ROL 
barrier s t r ips J 4 and J5 to exte rn al switches to dupli cate (or pro" ide 
al t erna ti ves for) the fron t pa nel switches . 

c. Co nnect cabl es fr om Jl and J2 as shown in 
Fi gure 2- 1 . 

d. depend ing on whether the 7615-C i s the first. 0 , seco r-d 
7615-C, the internal slide switch on the 7615-C mother board sflulJld be :"C :: 

to Pas 1 or Pas 2 (see component layout di ag ram). 

2. 3. 4 Model 76l5-R Rear Panel Connec ti ons . (Figure 3-8) 

a . Connec t the tenn inal pai r s on the STATUS ba ',"r"if'r 
strips , J6 an d J 7 to the desired sensor.:;. lnpllts must be eith.T a cor".act 
closure or a TTL level Signal. 

b. Connect the terminal pairs on the CONTROL barri er 
st r ips to the devi ce s to br.> controlled. Each pair of t enn inals is 
connected internall y to isol( ;~.ed relay contac t s r ated at O. 5A at 11 5vac or 
1 A at 26v dc . 

c . Connect cab l es from Jl and J 2 as shown in 
Figure 2-1. 

d. If desi red , connect the LOCAL WARN te rm i nals to a 
wa r ning device. The terminals provi de contact closure when the 76l 5-R is 
in l ocal mode . Co ntact s are r at ed for a 2 Amp noninducti ve load. 

e . Depending on ~hether the 76l5-R is t he fir st or sec an~ 
76l5-R, the internal slide switch on the 76l5-R mother )oa, 'd shoul d be 
co rrespondingl y set t o Pas 1 or Pos Z. 
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2.3.5 Model 7630 Rear Panel Connections. ( gure 0) 

a. On the 7630 front nel, turn all of the nnel 
calib on po tiometers fully coun rclockwise if the DC input vol 
is to exceed 4 volts. Connect each of the telemetry monitoring paints 

ugh an appropriate interface prav; a low-level DC signal to the 
pair of nals on the -/+ terminal strip corresponding to the 
desirea channel. When the input polarity is the same as marked on 
the connector, the TELEMETRY DATA display will preceded by a +; 
otherwise~ the display will be preceded by a -, The input line can float 
at a vol of up to +350vo1ts with respect ta ground, but the voltage 
across any pair of TELE termi s must be such that the voltage out of 
the calibration potentiometer does not exceed 4 volts DC. Calibration of 

individual channels is covered in Section 3.5. 

b. Connect each pair of terminals (A-B) on UP 
terminal strip to an appropria device for turning on a piece of 
equipment or increasi value of a tity. The con t 
closure from A to B for channel is rated at lA at 11 vac or 2A at 
26vdc. 

c. 
term; strip to an 
equipment or dec 
closure from A to B 

nnect ~ach pair of terminal s ( ) on DOWN 
appropriate device for turn; a piece of 

the value of the quantity. The relay contact 
for each channel is rated at 1 A at 11 or 2A at 

d. Connect cables from Jl J'2 a s shown 1 n 
Figure 2-1. 

e. Connections J3 and J4 are reserved for an anal 
external monitoring scanner device. 

f. For each 7630 installed, control and monitoring 
functions are assigned to each chann . One switch in each of the two 
internal DIP switch assemblies (51 and 52) must be c1 in accordance 
with the following tabulation: 

S2 Swi teh Po ti on Closed S1 Switch Posi on C1 

First 7630 1 (CH10-19) 2 (CH20-24) 
Second 7630 3 (CH30-39) 4 (CH40-49) 
Third 7630 5 (CH50-59) 6 (CH60-69) 
Fourth 7630 7 (CH70-79) 

NOTE 

Other tch po tions should remain in the off position. 
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2.4 

2.4.1 Mode 15. 

When a 7615 is to De added to a 7610 in the field, an 
cable (furnished with the 7615) must connected from J8 on 

mother board to connector J18 on the 7610 rear panel. Likewise. 
an i cable (furni ) must be connected in the 7610-R from J2 on 

mother board to J21 on rear panel. 1 cables (furnished) 
must so be connected the 7610-C and , and between the 10 
R and the 7615-R as shown in Figure 2-1. 

When a 7615-C is install ,an internal cable 
(furnished) must be from Jl on the mother board of the first 

to J1 on its rear . Likewise, when a second 7615-R ;s 
in 1, an internal c e (furnished) must install from Jl on 
rna r board of the fi 7615-R to Jl on its rear External 
(furnished) must be connec between the 7615 s and between the 7615 
as shown in Figure 2-1. 

In 15. internal switch Sl must be set to Pos 1 if 
connects directly to the 7610-C. If the 7615-C connects to a 
install 15, should be set to s 2. Switch Sl in 

d be set si larly. 

2.4.2 Model . ___ _ 

When a 7 0 is to be added to a 7610 tern in the eld, 
an internal cable (furnished with the 7630) must be connected from J3 on 

10-R mother board to J on the 7610 rear panel. Externai cables 
i ) must be connec between the 7610 and the 7630 as shown in 

gure 2-1. 

When a 7630 is install 
(furnished) must connected from J3 on 

to J2 on its rear If additi 
internal cable must connected in the next 
(furnished) must be cannec between the 

The i DIP switches must 
described in Section 2.3.5. 

2.4.3 BCD In rface Card. 

internal cable 
board of the first 

are installed, this 
lower 7630. External 

as shown in Figure 

set in each 7630 as 

es 

11 the BCD Interface rd, a card guide pair 
mounted on the 7610 mother board. The guides 

s . 
a cable is 
the two-channel 
which goes to rear 
connector J15. 

screws on each si the BCD Inter e rd 
J7-2. If the one-chan option 

ich connects to J16 on 7610-R rear 
on s , two cables are 

ne1 connector J16 the other to rear pa 
rnal cabling is not ni 
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2.4.4 SCA Generator and Detector Card. 

In the 76 -0-C, the SCA Generator and/or Detector (1 card) 
is mounted on top of the FSK ~odem card, using spacers furnished. A cable 
( furn; shed) connects the card wi th J 3 on the 7610 -C i·iother Bo ard. Two BNC 
connectors (furnished) must be mounted in the CONTROL OUT and T~LEMETRY IN 
locations on the 7610-C rear panel - The wires, in ~he bundle from J5 (see 
Figure 6-13), must be soldered to the BNC connectors 

To install the SCA Generator and/or Detector (1 card) in 
the 7610-R, a card guide pa i r (furnished) must first be moun~d on the 
76l0-R Mother Board. The guides are installed using four screws on each 
side. Then the SCA Card i s plugged into J9 on the Mother Board , Two BNC 
connectors (furnished) must be mounted in the TELEMETRY OUT and CONTROL IN 
locations on the 76l0-R rear panel . The wires, in the bundle from Jll 
(see Figure 6-2-3) must be soldered to the BNC connectors 

The DIP ~I.·.'i tches on the 7610-C and 76l0-R i·iother Boards 
must be set in accordance with Table 2-1. 

2.4.5 External Control and Site Select. 

~f either of ~hese options is selected, the appropriate 
internal cable will be furnished to connect ~i'om the Mother Board 
connector to the rear panel connectors on the 7610-C If the site select 
option is to be used, the site ident jumpers associated w' th U35 on ~he 
7610-R ~other Board must be connected appropriately. [::ternal cabling is 
not furnished. 

Tt is recommended that TFT be contacted for assistance ;n 
planning multi site insta"ations. 

2.4.6 BCD Out. 

When this option is ordered, a cable (furnished) must be 
connected from the 7610-C Display Board, J3 to the rear panel SCD OUTPU~ 
connector, J19 . 

External cabl ing is not furri shed 
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SECTION 3 

OPERATION 

3. 1 Genera 1. 

The Model 761 0 provides a mean s of controll i ng a remote 
transmitter and of di spl ayi ng t el emetry f rom the remote t ransmitte r 
ind ica ti ng t he status of important operati onal parameters . By mean s of 
f ront-panel thumbwheel and pus hbutton swi t ches, t he operator can cont ro l 
t en di f ferent up/down or on/off f uncti on s at t he r emote site . A front
panel di splay ver ifies t hat t he chan nel selected at the contro l site ha s 
al so been sel ec ted at the remote si te; and t he va l ue of t he parameter 
measured at the remote site on the sel ected cha nnel i s al so di splayed on 
the front panel . An LED in t he display l ights when there is a fail ure 
in the t elemetry down li nk betwee n the remote and contro l site s. 

At the r emot e site , thumbwheel and pushbutton switches 
permit controlling the transmitter loca l ly for calibrat ion of te l emetry 
ana l og vol t age s or other purposes . Par amete r mea surements can be 
di splaye d here in the same way that they are di splayed at the control 
si te. 

Op tional Model 7615 uni ts at the control and remote sites 
enable t he operat or to di rec t ly control up t o 15 different f unctions (30 
functi ons for two units at each site). An optional Mode l 7630 at the 
remot e si t e expand s the up/down and te lemetry funct i on s of the Model 
7610 t o 30 channels (80 channel s maximum) , 

3. 2 Turn-On and Warm-UP: 

The 7610 and 7615 units do not contain an on- off power 
swi tch. They are on whenever thei r AC pOI'ler co rds are pl uggeci. -j nto an 
appropriate source. The Model 7630 (s) derives its power from the Model 
7610-R, and so is on whenever the 7610-R i s plugged into a power source. 

Since all units are of sol;d-state design, no warmup i s 
required. 

3. 3 Contro l s, Connectors, and I ndicators. 

3. 3.1 Model 7610-C Front Panel . 

Fi g. 3-1 
~ e f . No. Name 

1 CHANNEL VERIFICATION 
di spl ay 

3-1 

Function 

When the channel set up on the 
7610-C CHANNE L SELECT switch 
(or , in the local mode , on the 
76 l0-R CHANNE L SELECT switch) 
has been switched 



3. 3. 1 Continued. 

Fig . 3-1 
Ref. No. Name 

1 CHANN EL VE R IFICA TION 
display (Con1t.) 

2 Tel emetry failure L~D 

3 TE LEMETR Y DATA di~rlay 

4 CHANNE L SE LECT 
t humbwheel swi tc hes 

5 EXT ERNAL CONTROL 
pa ddle switch 

6 UP/ON pushbutton 
swi t ch 

7 DOWN/OFF pushb ut ton 
swi tch 

> 2 

Functi on 

in at t he remote sh e, tne 7610-
R transmits the channel number 
back to the 7610-C , where it is 
di splayed on the CHANN EL 
VE RIFICATION displ ay. 

This red Lr l li ghts if t here is 
a downl i, rk data fai lure lasting 
more than 7 to 12 seconds . 

This 3 1/2-dig i t displ ay 
indic ates t he value of the 
par ame t er bei ng measured on the 
se l ec ted channel . A + or -
befo re t he displ ayed number 
i ndica t es po larity . A reading 
of 1000 co r respond s t o 1. 000 
vol t into the DVM out of t he 
cal ib ration po te nt iome ter (At 
761 0-R). 

Pe rm i t s selection of the de sired 
channel for control . 

In the OFF positi on, the 76 10-C 
f ron t-panel switc hes con t ro l t he 
remo te equi pment. In the ON 
posi t io n, t he fro nt-panel 
switches hav e no eff ect , and 
cont rol i s by mean s of devi ces 
connected to t he rear-pane l 
EXTERNAL CONTROL connector J17 . 

When depressed , th is switch 
tran smits an UP or ON comman d to 
the rem ote device con ~ro ll ed by 
the sel ec ted channel . The 
switch l i ghts to verify that the 
command has been received at t he 
remo t e pOi nt . 

When depressed , t his switch 
tran smi ts a DOWN or OFF command 
to the remote d.ev ic e contra 11 ed 
by the select ed channel. The 
switch l ights to veri fy that the 
command ha s been rece ived ~t ~he 

remote no in t. 



3 -3.1 Continued -

Fig . 3-1 
Ref. No . tlame 

8 Tray 

3.3.2 Model 7610- C Rear Pane l. 

Fi g. 3-2 
Ref. No. 

1 

2 

3 

·1 

:) 

6 

7 

8 

9 

r~anle 

AC fuse 

TELCO fuse 

SUBCARRIER CONTRCL OUT 
cOTlnector J13 (Option) 

SUBCARR1ER TELEMETRY IN 
conn~ctor J14 (Option) 

EXT DATA OUT connector 
J15 (Optior) 

SITE SELeCT connector 
J16 (Option) 

EXTERNAL CONTROL 
conrlector J17 (Option) 

7615 STATUS/CONIROL 
connector J18 (Option) 

-,- e rm ina 1 s t rip J 12 

3-3 

Function 

The card in this tray provides 
ident i f i cation of the assigned 
function and units for eac~ 
channel : 

Function 

Fuses AC i~put to power 
transformer 

Fuses TELCO t elephone line. 

seA or FSK output for STL 
microwave uplink , 

SCA or FSK telemetry input 
connector for radio or TV 
downlink · 

Auxiliary FSK output, for use 
when a second f~equency is useu 
on the TELCO dmm 1 ink. 

When installed, is used for 
multisite se l ection. 

When installed, is used in 
conjunction with the EXTERNAL 
CONTROL switch for contro l of 
up 1 i nk 

When installed , provides means 
of connecting to optional 7615-
C. 

TELCO; Provides bidirectional 
T~LCO connection throug1 a 600-
ohm traf1sfomer. 

TELE FAIL: Provides a high-
1 evel TTL output when there -" s a 
downlink data fai;ure lasting 
n:ore than 7 to 12 seconds 



3.3 2 

'="ig. 3-2 
Ref . No. 

10 

11 

12 

13 

CO'1ti n~Jed. - --

j,J arne 

115 VAC PO'·!ER cord 

REC EIVE LEVE L pin jacks 

BCD OUT connec~or J19 

Grounding bolt 
(Seria l #225-3 and later 
units only) 

3.3 . 3 Model 761U-R Front Panel. 

Fig. 3-3 
Ref . No. Name 

1 Calibration or scalirg 
po te n t i orne te r 5 

2 Channe 1 i denti fi ca ti on 
card 

3 TE~EMETRY DATA ~isplay 

3-1], 

Function 

Provides connections to a prime 
power source (115 ~AC unless 
otherwise specified). 

Provides a test voltdge 
nroportional to the received 
signal level thru the FSK mo(~m 
detector filters. 

Provides the same BCD data that 
drives the 76-0-C display, for 
driving an extc~nal device. 

Proviues a ~eans OC connecting 
"hassi s grou;ld. 

Functio n 

Used to calibrate the ana'og 
telemetry vol Lages receiued 
through the rear-panel barrier 
stris of the 76 10-R for readout 
by the TELE METRY DATA display 
DVM. Eac h channel has its own 
ca l ibration potentiometer. 

Removable card ~rovides 
identification of the assigned 
function and uni~s for each 
channel. 

This 3 liZ-digit display 
indicates the value of the 
parameter Jeing measuret on the 
selected channel . A ~ or -
before the !ii spl ayed numbei
indicates polarity . A reading 
of 1000 corresponds to 1. 000 
volt into ~he D\~ out of the 
calibration potentiometers. 
Channel sel ecti on is by the 
7610-R CHANNEL SELEC T 
thumbwheel swi tches, in the 
local mode. When not in the 
local mode , the TELEMETR Y DATA 
display is blanked out. 



3.3.3 Conti nued . 

Fig. 3-3 
Ref. No. ~ame 

4 CHANNEL SELECT 
thumbwheel switches 

5 JP/ON pushbutton 
sw; tch 

6 DOW ', /OFF pushbutton 
switch 

7 LOC AL MODE pushbutton 
sw; tch 

3.3.4 Model 7610-R Rear Panel . 

F i 9. 3-4 
Ref. No. Name 

1 AC fuse 

2 TELCO fuse 

3 _P fuse 

~ JJ~i~ fuse 

3-5 

:. unct; on 

l'!hen the LOCAL MODE swi tch is 
depressed, the operating channel 
can be selected at the remote site 
by means of the CHANNEL SELFCT 
thumbwheel switches on the /6l0-R , 

When the LOCAL MODE switch is 
depressed, depressing the UP/O~ 
switch transmi t s an UP or ON 
command ~o the device contro~led 
by the selected channel. This 
switch is lightec whenever an UP 
Oi' ON command occurs , from ei ther 
the 7610-C or from the 7610-R in 
the local mode . 

When the LOCAL MODE switch ;s 
depressed, depressing the DOW N/OFF 
switch transmits a DOW N or OFF 
command to the device controlled 
by the selected cnannel . This 
s~;tch is lighted ~henever a DOWN 
or OF~ command occurs, from either 
the 7610-C or +rom the 7610-R in 
the loc~) mode. 

~hen depressed, control is 
transferred from the Model 7610-C 
to the I~odel 7610-R. Depressing 
the switc~ causes it to light, 
indicating local control, and also 
activates the 7610-R TEL~Y ETRY 
D,...lA display. 

Function 

Fuses AC input to power 
transfonner . 

Fuses l~LCO telephone line. 

~uses UP control line. 

Fuses DOw:'. control 1 ine. 



3.3.4 Conti nued. 

Fig . 3-4-
Ref. t1o. Name 

5 BCD C H8 connec tor J 15 

6 BCD CH9 connector J16 

7 SUBCARRI ER CONTROL IN 
connector Jl8 

8 SUB CARR IER TELEMETRY 
OUT connecto r J 19 

9 7615 connector J 21 

10 7630 connector J23 

11 TELE terminal strip 

12 UP tenninal st rip 

13 DO WN terminal strip 

3-6 

Fu nction 

When instal led, provides means 
of introducing optional extei' ,lal 
parallel BCD data into t he 7610-
R on Channel 8. 

When install ed, provides means 
of introduci ng optional external 
parallel BCD da ta into the 7610-
R 01'1 Channel 9. 

Prov ides means of co~necting the 
SC A input from the STL uplink. 

Provi des the SCA or FSK output 
for the rodio or TV downl ink . 

Whe n instal led, provides means 
of connecting cable to opti onal 
7615-R. 

Whe n i nst alled, provides mean s 
of connec t i ng cabl e to opt ional 
7630 for channel expans ion. 

Provides means of introducing DC 
tel emetry sampl ing voltage to be 
re ad out on t he TE LEM ET RY DATA 
dis pl ay whe n t he corresponding 
channel is sel ected. A pos i t iv e 
DC voltage app lied to the + 
t e nn ina 1 wi 1 1 9 i ve a po sit i ve 
re ad i ng on the display . 

When the UP/ON pushbutton ; s 
depre ssed at the 7610-C or at 
t he 7610-R in the local mode, 
provides a rel ay contact clos ure 
f rom A to B for the selec ted 
channel. 

When the DOWN/OFF pushbutton is 
depressed at either the 7610-C 
or t he 7610-R in t he local mode , 
provi des a relay contact closure 
f rom A to B for the selected 
cha nnel. 



3.3.4 Continued. 

Fig. 3-4 
Ref. No. Name 

14 EXT TELE SEL OUT 
CONNECTOR J24 (Option) 

~5 EXT TELE SEL IN 
connector J22 (Option) 

16 EXT DATA IN 
connecto r J20 

17 Terminal strip J~7 

18 l15 VAC POWER cord 

3-7 

Function 

Used in conjunction with the 
op t ional an alog sc an ner and an 
exter nal monito ri ng device. 

Prov ides a mean s for in t roducing 
an input from an exte r nal 
monitoring devic e to t he 
optional analog scanner boa r d. 

Used in conjunc ti on wi th 
exte r nal moni tor i ng control to 
introduce external FSK data to 
be mi xed with other FSK data 
being sen t to the 761 0-C on the 
down l ink . 

TELC O tenn inals: Provid e 
connecti on to TELCO line. 

LOC AL MODE term i nal s; Provides 
a rel ay closure when the 7610-R 
i s i n the local mode. 

FAILSAFE CONTL te rminals : 
Prov i de relay contact cl osure 
when opera t i on is no rm al . If 
power fa il s at t he 7610-R , or i f 
the command uplink fails , the 
re lay cont act s open. A ti me 
de l ay adjustabl e from 
approximately 20 t o 55 seconds 
occur s between uplink fail ure 
and contac t open ing . 

FAILSAFE TELE t erm i nals : 
Provi de a 12- volt rel ay 
en ergizing vol tage when there i s 
a telemetry f ail ure on t he 
down link. There is a fi xed time 
delay of 7 to 12 seconds between 
down li nk fai l ure and appearance 
of t he relay voltage. 

Provi des means fo r connecti ng to 
a prime powe r source (1 15 VAC 
unless othe rwise spec i f ied). 



3.3.4 Conti nued. 

Fig. 3-4 
Ref . No. Name 

19 RECEI VE LEvEL 

20 Gr oundi ng Bol t 
(Serial #22 5-3 and 
l ater units only ) 

3.3. 5 Mode l 7615- C Fron t Panel. 

Fi g 3-5 
Ref. No. 

2 

3 

3. 3. 6 

Fig. 3-6 
Ref. No. 

2 

l'ame 

STATUS ind icators 

CO NTROL swi tche s 

Removab 1 e Ident; f i cat; OIl 

Card 

Model 7615-( Rea;- Pan?l . 

Name 

115 VAC pOI .':?i" cord 

Fuse , 1/2 ampere s10 blo 

3-8 

Function 

Prov i des a t est vol t age 
proporti onal to t he recei ved 
si gnal l evel t hru the FSK Modem 
detec tor fi lters. 

Provi des a mean s of connectin~ 
chass i s ground. 

Function 

Each of these LEDs indi cate s t he 
stat us of one operat i ng 
pa rameter of the remote 
transmitte r . A ligh t ed 
indic ator signifies tha t the 
monito red circuit i s on . or that 
is it operating within speci f i ed 
l imits . 

In the up posi tion , each switch 
t urns on one function at the 
remote site. The function 
controlled by a particular 
switch may or may no t be rel ated 
to the parameter monitored by 
t he indic ato r directly above i t . 

Provi des means of reco rding ~he 
function of each CONTR OL switch 
and STATUS indicato r . 

Fu nc t ion 

Prov ; des conneC1:; on to a prime 
power SQu(ce (115 VAC un1 ess 
otherwi se spec i f ied). 

Fuse s the power li ne . 



3.3 . 6 Model 76 15-( Rear Pane l . 

Fi g. 3-6 
Ref. No. Name 

3 STATUS barr i er str i ps 

4 CONTROL barrier stri ps 

5 25-pin connec t or J l 

6 25- pi n connector J 2 

7 Groun d Bolt 
(Serial #225-3 and 
l ater uni ts only ) 

3.3.7 Model 7615-R Front Panel . 

Fig . 3- 7 
Ref. No . 

2 

3 

Name 

STATUS indicators 

CONTROL swi tches 

Removable Identification 
Card 

3-9 

Fu nct ion 

Provide 15 TTL-level outputs 
corresponding to the 15 front 
panel STATUS indicators, for 
operating external indicators, 
A low level at the barrier strip 
corresponds to a lighted front 
panel STATUS indicator . 

Provide an alternative to the 
front panel switches for 
controlling ON/OFF functions at 
the remote site . An input 
consisting of a relay closure or 
TT L logi c 0 will cause a 
function to be turned on at the 
remote site . 

Provides means fo r connecting t o 
a second 7615-C when installed . 

Provides means for connecting to 
the 7610-C or first 7615 -C. 

Provides a means of connecting 
chassis ground. 

Function 

These indicators have the same 
function as described in Section 
3.3.5 for the 7615-C STATUS 
indicators. 

When the LOCAL CONTROL/REMOTE 
CONTROL switch is i n the LOCAL 
CONTROL position, these switches 
have the same function as 
described in Section 3.3.5 for 
the 7615-C CONTROL switches. 

Provides means of recording the 
function of each CONTROL switch 
and STATUS indicator. 



3. 3. 7 

Fi g. 3-7 
Ref. No. 

4 

3.3.8 

Fig. 3-8 
Ref . No. 

2 

3 

4 

5 

6 

7 

Model 76l5-R Front ?anel. 

Name 

LOCAL CO\~ROL/REMOTE 
CONTROL swi tch 

Mode l 76l5-R Rear ?anel. 

Name 

115 VAC power cord 

~use , 1/2 ampere slo blo 

STATUS barrier strips 

CONTROL barrier strips 

25-pin connector Jl 

25-pin connector J2 

1.0CAL WARN bar ;~ier st rip 

Function 

This switch is normally in the 
REMOTE CONTROL position to 
permit control at tre control 
site. Wh en the swi tc his i T1 the 
LOCAL CONTROL position, all 
commands from ~he control site 
are locked out , and control is 
performed by the switches on the 
76l5-R front panel . 

Function 

Provides connection to a prime 
power so urce (115 VAC unless 
otherwise specified). 

Fuses the power line. 

Lsed to connect inputs from 
exter1al sensors to the 76l5-R. 
An input consisting of a relay 
contact closure or a TT L logic 
zero will light the STATUS 
i ndicator associated with that 
STATUS input. 

Provide a relay contact closure 
fro:!. a terminal on the top strip 
to the terminal immediately 
below i t when an 0; command is 
received for that channel The 
contac t s are isolated from 
ground. 

Provides menns for connecting to 
a second 76~5-~ when installed . 

Provides means for connecting to 
the 76l0-R or ~irst 7615-R .. 

P'"ovides a swi tch contact 
closul"~ ':'!hen the 76l5-K is in 
local mode, for operating an 
extern3l warning dev~ce 

3-10 



3.3.8 Model 76l5-R Rear P&nel . 

Fig. 3-8 
Ref. No. Name 

8 Grounding Bolt 
(Serial #225 -3 
and later units only) 

3.3.9 Model 7630 Front Panel . 

Fig. 3-9 
Re f. No. 

2 

Name 

Cali brat ion or scaling 
pote,lti ometers 

Channel Identification 
Ca rds 

3. 3. 10 Model 7630 Rear Panel . 

Fig . 3-1 0 
Ref. No. Name 

1 TE LE terminal strips 

2 UP t P,-:rJ ina 1 stri ps 

3 DOWN te rmi nal str ips 

3-11 

Function 

Prov i des a means of co~necting 
chass i s ground. 

Function 

Used t o cali brate the a~alog 
tel emetry vol t ages received 
through the rear panel barr ier 
stri ps. Eac h channel has it~ 
own cali bra ti on potentiometer . 

Removable cards p ~ovides 
identificati on of the assi gned 
fu nction 2. nd un it~ for each of 
the 20 chunnels . 

Function 

Provide means of introduc i ng DC 
telemetry sampl ing vol tage to be 
read out on t he TELEMETRY DATA 
display when the correspondin g 
channel i s selec ted. A posi ti ve 
voltag e applied to the + 
term inal will give a positiv e 
r eading on the di splay . 

When the UP/ ON pushbutton is 
depressed at t he 76l0-C (or at 
the 7610-R in the loc al mode ), 
provide a rel ay contact cl osure 
from A to B fo r the ~c12cted 
channel. 

When the DOWN /OFF pushbuHon is 
depressed at the 76l0-C (or at 
t he 76 10 -R in the loca1 mode), 
pr ovi de a rel ay con tact cl osur2 
f rom A to B fo r the selec ted 
channel . 



3 3.1 0 Mo del 7630 Rea r Pa nel. 

Fig . 3-10 
Re f. No. Name 

4 Control Select 
connector J2 

5 ~ontrol Sel ect 
connec t or J 1 

7 

9 

Sc an Sel ect 
conn ecto r J 3 (Opti on ) 

Scan Sel ec t 
c O'"lilector J4 (Opti on) 

Ground i ng Bolt 
(Serial #22 5-3 
and l at er un its only) 

Ch ann el As s i gnment Labe l s 
(S t icky Back Peel- of f) 

Function 

Connpcts to t he next hi ghe r 7630 
when installed. 

Connects to the 76l0-R or nex t 
lower 7630 . 

Used i n conjunc t ion wi th 
opt ional analog sc anner and 6( 
external mo ni tor ing devi ce. 

Used in conj unc t ion wi t h 
opt ional an alog scan ner an d an 
exte rna l mon itori ng devi ce . 

Provi des a means of connecti ng 
chass i 5 ground. 

Attached by cus tomer at time 
cha nnel s are assig ned. (Set of 
Labels f ur nished wi t h each 
7630) . 

3. 4 Telemetry Data and Channel Di splay . 

If the ope r ator at t he contro l poi nt wis he s to control or 
monito r a r em ote tran smi tter paramete r from the 7610 -C fro nt panel, he 
~i rst makes sure that the EXTERNAL CONTR OL switch is i n t he OFF 
po sition. He t hen refers t o the card i n the drawer at t he bottom of the 
76 10-C to de t erm ine the channe l number of the dev ic e he wishe s t o 
co ntrol or t he ci rc ui t he wi shes t o monito r , and select s that channel by 
usi ng the th umbwh eel CHANNEL SELECT swi tches . When t he sel ection of the 
chann el is accomplished at t he remote point, the CHANNE L VE RI FICATION 
di splay will in dicat e the channel number se l ec t ed. 

To tur n on the controlled device or , i f the controlled 
dev ice i s ca pab le of inc reasi ng or dec reasi ng one of its parameter s, to 
i ncrea se the value of the parameter , t he operator pre sses t he UP/ON 
button ; the pushbutton wi l l i l lumi nate to indi cate that the comman d ha s 
been executed at the remo te si te. Al t ernati vel y, t o tur n off a devi ce 
or decrease a pa rameter , he presse s the DOWN /OFF butt on; aga i n, the 
pushbutton wi 11 ill urni nate wh en t he command has been exec uted. 

The anal og vol t age fr om t he poi nt moni to red on the 
selec t ed channel wi ll be displ ayed in digi ta l fo rm on the TE LEMETRY DATA 
display . Afte r the devi ce has been commanded and/o r the teleme t ry 
observed on t he selec ted chan nel, anot her channel may be sel ected for 
con t rol and mon itoring. 

3-·,2 



3.4 Telemetry Data and Channel Display. (Continued) 

If the EXTERNAL CONTROL switch is set to the ON position, 
channel selection and remote control will be performed by a device 
external to the Model 7610-C. 

The remote transmitter is normally controlled at the 
control site. However, for channel calibration or other maintenance 
purposes, an operator at the remote site can control the local 
transmitter by pressing the LOCAL MODE button on the 76l0-R front panel. 
The CHANNEL SELECT thumbwheel switches and the UP/ON and DOWN/OFF 
pushbuttons can then be used in the same way as those at the control 
site. The analog voltage monitored on the selected channel will appear 
on the 7610-R TELEMETRY DATA display. This display is blanked when LOCAL 
MODE operation is not selected. 

3.5 Calibration of Telemetry Data Display. 

The calibration potentiometers (Reference No.1 in Figure 3-
3) should be turned fully counterclockwise (if input voltages are greater 
than 4 volts) before input voltages are applied to the TELE -/+ terminals 
on the 7610-R or 7630 rear panel, as described in Section 2.3.2g or 
~.3.5a. To calibrate the display, press the LOCAL MODE switch on the 
76l0-R front panel, select the channel to be checked, and adjust the 
calibration potentiometer for the selected channel to display the value 
of the parameter being sampled. For example, if Channel 3 is monitoring 
the fi na1 ampl i fi er r1 ate vol tage for whi ch the transmi tter' 5 analog 
meter indicates 2840 volts, the Channel 3 potentiometer could be adjusted 
for a di gita1 di spl ay of +0284 (i.e +0.284 VDC into 7610-R DVM). The 
7610-R wi 11 not accurately di spl ay a count greater than +3100, i.e +3.100 
VOC into the DVM. -

3.6 Failsafe Circuits. 

A failure of the command data to reach the remote site and 
control the transmitter will cause the transmitter to go off the air if 
such failure lasts for 20 to 55 seconds (adjustable). 

A failure in the telemetry transmission from the remote 
site to the control site lasting more than 10 seconds will cause an LED 
to light on the 7610-C front panel display (Reference No.2 in Figure 3-
1) • 

3.7 External BCD Data Input to 76l0-R. (Optional) 

When this option is installed, the telemetry data 
displayed for Channel 9 will be the external BCD data applied to the 
Model 7610-R. If a second channel is also used for external BCD data, 
this data will be displayed when Channel 8 is selected. 

3-13 



3.8 
(Optional) 

Model 7615 Status Monitoring/Direct Control System. 

For this option, one or two 7615-C units are installed at 
the control site, and a 1 ike number of 7615-R units are installed at the 
remote site. Each 7615-C unit has 15 front panel toggle switches, each 
of which controls a function at the remote site. The function 
controlled by each switch is recorded on a card immediately above the 
switches. This direct control is independent of the 7610-C channelized 
control. 

The 7615-C also has 15 front panel LEDs, each of which 
indicates the status of circuits or devices at the remote site. They 
can also be used to verify on-off functions. The circuit or device 
being monitored by each status LED is recorded on a card immediately 
below the LEDs. 

The 7615-R has similar sets of 15 switches and 15 LEDs 
for control and status indication at the remote site. The 76l5-R 
switches are enabled by placing the Local Control/Remote Control switch 
to Local Control. 

CAUTION 

If there are key functions set to a particular control 
format, the operator should set those functions on the 7615-R front 
panel before switching the system to the local mode. This will prevent 
any interruption in the commands to other external equipment. 

3.9 Model 7630 Channel Expander. (Optional) 

The Model 7630 is installed at the remote site only, and 
provides additional channels of control and telemetry over the ten 
provided by the basic Model 7610-R. These additional channels (up to a 
total of 80 for the system) are selected by the thumbwheel switches on 
the 7610-C or 76l0-R. There are no operating controls on the 7630. 

3-14 



o 

8 

8 
I , 0 , '" , , n .... 

:'f. C 'ZI .<;~~'?. g, 
'-01"1. ~ "I:)OH 

'3NVd \l1f3?l'J.NO\l ::! 

-• 

B 

~ ... , .. ,',,~ 

SNOISIAU 

L 

.. <'¥U-

.......... :;CU-

G""' .. , " 'M .... '" Iu, .. n " >N""O, 

U?Ol ,,''1'»') CON U_OII 
nv JA0W31 

000 " •• 

, ... 

~ ~ ... ",. 

'" 
L 

••• 

•• 

9 

" 

"10~;"""""'~'~ 
\',~ 

L 

s 

" 

, ....... , 
" J"IO'>'< ~ ' 

o J-OI9L 1300W "'O~lNOJ/AI:H3",,313.l 1lfl 19(l 

@ 

@ 

o 

'/ 
9 

'.0 ,,,,,,00 

01 

9 

@ 

@ 

, 

o 

u 

c ,' 
'0 

3 

o 

8 



8 L 9 

3 

® • ® 
€l @ § @J ® @ , , s 
§ @ I§ @ @ ® 

, 
~. 0 , 

€l @ @l @ @ § " , , , "Ii ,~, =- "")J. 
1 

, , ,-
@ 0 (3 0 @ @ " 

, ,--.. 02 a a 
18 0 0 €l @ 0 , ." '" @ @ 0 -"-
@ § I§ <§ 0 0 • "" ......... to-I::: 3~~ld § § @l 0 €l § , 1tOlI1B'fl'lf<> 

'" § § § 0 § § , 
~ ~ @ <ID @ @ €l 0 

@ ® @ <§ €l <§ 0 

® • • • @ 
m 

II II 

~-OI9L 13000' lO~H,Q)/~~13W3131 1Vll910 ~:ft>m<'.Jt 7JBlIf 

~I , 0 

o @ 0 0 © 0 
8 8 

, 0 

• 0 
,e 

0 
, 0 , 0 

o ~ /~;:, 
, 0 

I \ \: \ I 
L 9 



8 I 
\ ,0 , ,.. 'I' "," "'0)1 

:7.1 Og~ I :'?£',??I9. 
:> ~ "" l ~qO", 

0"' '0 .. 
..,. !'!..<:,. ,", 

"YO ."", '~ ""' ... 

".'<."M ...... ' ,~" .-. " .. ..,_ 
3 J~~~fWjll/ 

\ '''''/0'0 .. ""." .. 

a 

-

-

8 

..;~~ .. c' "~ - , -, 
IIYO MIn. ,H> .0 NOI, .. ."lo 

$1<01 IAn 

8 

L 

.. ' '''> N> ___ + X< 

.. 
." 

ow,,, ,, I<,"' .... ,Q 
",,~ n "".'''''0, 

.... " 
~ .~ 

0' .,," 

Y; 19L 
9- ~' 913 

)<;19L 
s-£ ~I j 

L 

I 9 

o 

10 i 

, 
9 

s I 

:3 

a 

8 

~ O d d d d dOdd d ~ dOd ~ d d dO I l Ob~NO)O 

- 1-- - -- II - +--+- .J:) 
~> 

o 
" 

0 0 0 0 0 ?/ 0 0 0 ? <;'(11" 15 

0' [/ , , , , , , 0 
o 0 
<;.' ~, 

o 0 
'- ' ZI 

, .,,,,J ·.r/ v 

s , z I 



2 

A 

0 

B 0 

c 2 

8 

D 

2 

3 4 

( 

/ 

t , , , I.' , , 
STATV'> e;) G ~ e;) G e;) 

CONYI/O!,. O ~ ~ F E ~O ~ ~ 
.!TlE!T1. rl~JHJfj!l!Pt?J 

5 6 

• j,' " " " " " "I~ G G e;) ~ ~ 0 G ~ "">~ ':'L 

r:~J 
~ 8 ~o ~ ~ ~ ~ ~o 

(o.~T'l'OL 

STATUS AND DIRECT CO~ TROL MODEL 7615-R 

3 4 

0 

0 

0 

5 

7 

6 

FIG 3-1 
7615R 

COPliTIlOL P ..II f7\ 
'''''' " " " " " 0 , , , , , , , ' ~ .., ~ ' ?J " " " " " " , . , , , , , " ~f?1ffiPlM:+lIi@~+~" ~. 

" li~j~~~fiilfll+I I@j§~mlfilf+il€l~~~~f"iI JMM~'~I " 
f iG 3 -8 
7615R 

"""" 

3 4 5 6 

"""" ~ 
.uItIt$,I.HO 5KAat' IDOlS 

O'H ..... '" ,,,,,PIn 
,u:t "'./ ~ ....... u 
.;ux:t ~ :1: ......, 

7 

A 

B 

c 

J 

D 

E 

B 



2 3 4 

~ 

A 

B 

8 7 6 9 

E 

2 3 4 

5 6 

5 6 

F,GI.JRE 3-<:) 

11030 FRONT PANEl 

7 

foeU 

10Ll .... <.. ....,," 
c, ~ .. w'" '."''''D 
,,!. 

7 

A 

B 

LilT 

8 





, , 
3 

'W:lW~ 
.. 

a 

-

8 

000) ~VH~ 0"" U\ll'lt 
1tf '!lown 

t~) 'I:I".l."' LO)al:l " ~ I!"" 
e .... ;I'i- 0 .1. 

9 

I »,,'> I 

r-t------., ,~ 

r7 [ , :.:, .. "'---1" 

r--------------------r------------------,"" " ----j ",""CO " :> ... ,..... 1. a.,.v ... ~ ... ~ ,1---+--------1 ... 

f 

I 'llIOM 00 QN~ I 

,- ~ - ---, 

, 1 

." 

i ~'<- .-r-:=i ~~V' 
' '''---:. ;-.;c---j 
0~'(" 

Na~~~"'>3'""'·---'I"''"''--------------------t-------,,·, 
-.n;.",,-:: ~ I ~L 

, " 
"':;o--------t---,. " 
, , ~ 

I ,<'II: 

~~,'~,~c;:" .. ---; ,., 
"-)1,-"".- S; "",_ 

L ______ ---..l 

l 
" •. ,.,.,i .. 

~"' .. ~ ''0 f-- + ----1' " 

~~~\?3'" 1,------1f------1 
.I. ~ I .. S r , .. 
s;> n 

<l 3';''''~~l:f 1_ 
.1 ~ IM~ 11-----------------1 ••• 
""0 r l 

: .1".. .1"0 ":-:~~~_-_.J __________ J 
J Q-::'~ I 
I ''''''l:IJ 1 ~ 1 
1 

I 
" 

~~ 
"'10" ... ...-:.'''''' ..... 0:) 01"><. 

""'"""""0<:1 ,..;:.o,e 
~."" 3",""'u "'1 3'0. 

(~l<:l .. _ i----07'llJ. 

r-----------------o;"''''c;--lf,.~·· ''"'' f----...... L!'10....,.. 
"'''3'; ' ~..l. 

I 

.,' 

~:::::::::::::::::::::::::::::::::::~::~::::::::::::::::;.~";:I ~~~~~?~~ 
~~ r ~~ I 

s ', 1-----------------------------------1--1----------------"'"'------, l IQ I .. o, ~ ...... ~ ' . 

1.----------------------------------f--1----------------,,;CI~~I~~ "~.l. r , 1 Cl I 

I ... !l. ,>, "),l;; 1 

~ '.l. r------1l,l[~'1'~'~'~<t:!:::::::::~~--1 ~ "" . , 
, 

I >< 3-<;" "3» 1 

'" 1-----1 IL_~'~.~·"~':....J_t-__:t-....J " r 
• 

~ --... ;""-"-,·"1 
I 3.1. ,0; , 

: 3 .l.=<iI.. : 
L ___ _ _ _ J 

,,""'1loJ -!J.,r"" 

1... __ __ _ 

r --
' 0 .1? ~ 

~ 

1 

, 

3 

a 

I-

8 





9 

a 

8 

L 

unOl 4~ 0H't' snn. 
1\" IAOWII 

9 

12QO'{)!;lh 

/11W) 

11·'· ->~IOI"'l"iO .. ~ r-~'--,',----' 
UdO .... -;: 'lI "NO'J ~ 
d l l:l.l'i>l:f!l ' ''.~ 

0"'\;1' ;) Na 

I..'~ ~"'UI > 
..0' ..... 0 N()I~r.'~o <; ·)L 

('1""'_1II .... ~ 
f'tOI.l4¢ ..,-,l"lK !lJ..I~ 

9 

r-M-:~Wii:D 
I tlXVJ,.31ZOO I 
~J920 I i i,IOl)U 1O ,~O()oldO I 

, <)' '''''~'=''':! 3 :;!!.1 
~_~ .... ss'" 

: .I.~G? N39V)$: 
I , , , 
1... ________ J 

S. ·I·~ :3"'\"'10;>'''' 335.. 
O'I>~I' 00.,." ",.,s"" 
o~""cg .... '3"'-l..O..--J 

e: 

., 

., \ 
"'00<)';(" ,.,.., 

, . , ~~<>'t> ' :1 a~ 

'!>tlOI.-.n,QNI 
Qrt'O' n,.:.Ii.' ''''S 
"'I . ........ d .I."'O~.:i 

,,"""II II,I"'I?\ :1 :> W;. 
OZ" ,·~ ..... '>90< 

Q,....,ooa 
1.", .. o:.'Q 

3 

a 

8 



I 
i 
I 
I 

®I 

® 

@ 

§ < 
I) 

j; < s < 

G ~ I 

G 5 I 

..",. 

" I q;< 3 

as • I • 

• I ~ I " 

df§ 

, 

-I1l I1l 

~ @@) CI SOl • 

= 
< l , 

M E> 

@~®~ ~ I 

~ 
~ 

, I 
c s0 • 

c • 

c • 

I 

I s~ 

r-- ----------- --- - ------------, , , , , , 

, , 
w i ~ S ! 

j ~~~ • < itis=· ~ 

G
w I ~ ~ 1 ~®~~u 

o --<!O- 1 I 

Gb:J-
L----- ___ _ ______ ____ _______ __ ____ __ __ J ~ 

! £ ~ 
. ~ 

-LD 
~ Z ~ ~, 

B, 
, I 

0 n ®®®® ®® ;;; 

I 1= 

ttl O"" IOII IItt tS "ltI '" '" ~ 
1O\'1'~all 1IiIQl 'lltI 1/1 ." t1IO""I O\i m lS' ...... 1/1 '" , ltI'IOIl ~un'I'" 1/1 '" WlI /'lOII oG'JI ... 111 '" l~tS-OOII Nl~'SI"" 111 W, 
8litl 'l~1l ~"iO'l,llt+ ) 11 "" 1I1it/'ZOI I IoW~M'~ ~II "" 10£, ' 00 11 lot)l,lt j/ I '" <;~\O-OOI I H '\!l~1f1 )/I "" ,lt l 'lO Il ~t/"I* 111 "" 1t/0'0011 ~ "'I M1 lfl "" S9tO-!Qll UI'U .... )fl U" 
~910·l011 i911' ,* )/1 '" 

I 
19tO-ZOU 191"/'" II I n" 
~91o-l01l S'IltI'" )/1 "'" IUo-lOIl ' 151" 1* )/ . " ISIO" ZOli ~ ISl ltl"" 1ft .. 
!!lIO-lOll ' 151ltlMOt II I '" Itio-lOl\ .ltllt ..... III .. 
(9<;0""01111 ,)j~ )II ~ 
<;GIlNICli St'IOtC\l'lll t ., 

Otol -oIilZ '14 Ot JlI 'UPOoi 
'lOI -O';lZ "14 ,. 111 '''1»$ 
'IDl-05U " 14 'I III ' l·l>l>S 
K()l-iXIZ ~" • III • "1~ 
ItiO-Ot ll L'IJI 11"_ '!J 
I t l I)-O ~l l Itl ll ',"tKiW 011 
f\lOO-Otl l ' 11 ~ PIO '\j(Il(1 
IOon-O . l l " II )!Ib ' U01~1 
Zlog-OI():(' !jilin ~" I' lnll 
(IO\l-MOl UI1)9 ~"1'1'~1 
Onl-009( '~ ' OII J-Ot ,. 011 3d 
toU-lOl( toJ llWoI )11 "" tOt/·tOll I'Ol.£I6j 111 "" tOt/'IOU ~ K15'HNS ]/ 1 "" 'Ott-IOll M~"'I.S )/1 ~" 

.!-ODli st-101(Wll/l " ~ 1~'OOll III .., lit .... )/1 " Ull""OOtl IlJ" ..., "I .. , 1/1 " ""'-, 10 W)4 'I ''':>\1''' " IO/ .... S9C1I lI/ ' I ~ ft. /1 dooo, " J II. .. , 
O9<;O-Sool 09'l 1\ ft , /l _, •• , 108 , .. 
10'1"" \ 901 -..:', ' S ~'" """" ,., '<>\1 , .. 
l Ot(',90 t :rtf I S fttl l ~." ") u~ ... 
0/11)'<;901 0( . 15 ""1 _) .,, Ui '" tool' ,901 ~lW I 1\ fttll ..... , ", .. ~ ., 
IOU · ' WI III II ft tl l _) ;OJ n~ '" l Oll·\~~( :CZ ' Z II ft"1 d.,) "'J . ~~ .. 
tOl t'!l'101 \l·t , ; ft. 1I _, "1 u. U, 
1001'S90t :cl'1 1\ ",II ""'" ", u, .. 
100t'I901 Jol·t ,~ "til dooo:l "1 nl ", 
1001+S901 ll'l t <; ~'/I .., . ' 1 u, U, 

iIOtI-lOIl 18I1tlNll ) / 1 "" tetl-IOH . t(KDLlfS :)II ~. 
16"-I90t -.&6 ' , 11 118/ 1 WlI l~ .~, '" Mlll· . 9111 'Ii •. , U "", IIlJ IN"I 

., 
OOI(-IOU IiOOtIIoll )/1 '" IiI3-tOU ~t9lnttlll )I I - ttlOt'llOI II 101 '0. ., 

UI01' 1901 II I ; 11./ 1 ollIO) ") , •• N' 
'0.11""191)1 lit·, I S ftHI -, •• }.q '" 

'OIl 130,s III "'II<II'~UO 'I~t 'I~ 
."" POlS I II "l id ... "'..., 'J " .,~, 

£ .~'. 

10l1-5901 lWL fS ~t/l _, ' OJ'~ '" 1001 -SIIIII lIl'l ,~ ft./l -, .OJ'q ., 
I Dl I '~!II)1 iIl'l n ~'/ l ~ ... , ' -' NO 
IGlI-S.1 'U'I ,~ ~" I _, 'OJ la, U, 
OSl,.. ... ! M I t~ 11,11 ~ ,., t .. U, 
14L ...... 101 1,!· " 'II./I _ , .... , ... '" , OU· .. ,o1 :.t., 1~ 1I.1t ~ .oJ'" ~, 

lot ...... ~1 1,!', I ; ~." _, '03 u~ '" IGt .... ~';n ~C .,.. ~'I • ., " J''"1I .. , 
.CU.· .. ~. 1,!', I~ ft t /[ -, ~'J u. m 
101 .. .. 101 ~.,,~ ft, /l ""'" "'J n~ ." 101 .... 101 ~I"' I S ~" I ~ "J 'a, m 
.00 .. ~!lQ1 Jr. ,~ ~tll _, "'J •• , m 
1010";901 XI', 15 "II <1<0, ", •• , m 
tOU-S!01 1,!., ,~ ~"I dolo, ", U, '" l l)lt'S901 'U'I ' 5 ~tl l • ." "' , .'~ '" tG2 t 'SWI )l'1 I S 111 11 4100) ", n, ... 
\OlI'~70t :.z" 15 1It/' _, ", II, .. 
lo.!l·S901 lol· t , ; ft"1 ~ ", u, .. 
. CIlI·<;901 )l' 1 IS ft,11 ~ " , .. , " lOlt'<;901 ll' I , ; u/t ~ "'J HI " 10l1'S901 :Q'I \5 lIt /l """:J ... , UI " IOll-SIIOI :Q'I I S ~.fl ~ ... , la, .. 
lOII ' Stol )l'1 IS "./1 dolo, ", ". " ooSO"tlOl II IIIotIOS J.W 3.1 1"" " 11<;(· ... 1 :":,'[ 11 1111/I II1J loI'" " 6IiO<;' IUl MtXIIZ ~\111 " 611O"lIll 6fO'>IIiI ,OUII .. 
-~, ~'IOW YI. ~ ""'" '" ll;t-OSZl _OIl W ~I. tl ""01 '" I(m-OSZl .al .... ~ 14 , 6ftt4 ~" 
lD09'~l '" lOW '14 1 6ft16 ~" 'IOI'OU l ~,. 'I "I ' lOPOS " IIS9'OSU ~~ .... W WId n ..... ' " 'IOI'OSU u" 91 III 'lO 'PI'$ " ~I OI'OSll ~ I. II I II ',al >OS " IIlO9·O'.ll "IGII VI. I ""14 " ZIM-OSll .al'" WI. I I ....o:J " I tM'lI'Ill "IOM " 14 II ""Ol " llM'O<;ll "tOW VI. I I "..0) U .... ~ ",. 9 6014 " 1Qf;Q' 1I11 10'i1li "10 '" 10SO'llll 10';l'N 010 m 

loot-~lI ll)Otli l .», 010 "'I lOD,·t!lZI lOOtll I 1"1 010 '" lOOt·tIIlI IlXIt'It , ,.. 010 '" root-tIIll IllOtIfl '~010 '" ",O'i'SOCI I JW>II· >11 0 .')_03 ." otlO""o;ool Al l ,\1" >1 ' 0 • • , 40, ., 
ot' O-WOt '-i l 1:11' >1'0 'i) to) '" OOlo-WOI Ul ' 11' >110 , . , 40) ., 
0010-0;001 All .III' " 10 '~'o) ~, 

0010""<;001 Al l JIll · 'ua .~ ~} ., 
OOltl-<;OOl All j~I ' lil a ") ~., '" OOl o-sDO l dl .J11- '''0 'i, 4., ., 
.050"\001 I S JO!oO'i 3110 "} d', '" Iose- Sool n JOIOOI " 10 ,.) dO) ~, 

IQSO-WOI ~s .1Iloo'; >110 • • ) dO) ~, 

10;.0-5001 ,~ ~ "10 ~" ~' l ., 
IQIO-tlOOt ~I ~ QJII()I .01 .'l '" ",OI'SOO I OJ/lO · n!a J i} U) '" HO! 'SOO! aNIO' >1'0 , aj d~, m 
,tOt ' IOCI QJWIO' ' SIO ".1 ~t) ., 
6{Q I'<;OOt O.JIIO ' " 10 ~., dt) '" CIllO'lool AOilI OJWlZ' It"d do, '" 6{01-5001 tallO' ,,)o "r.o d' l '" 6-1:01 ' 0;001 O.JII O· 'OlD '"' do} W, 
6tOI'~OO' O.JI IO' "'to ,a) d., '" 6£01 - 0;001 0"10' "' 10'" c1rl '" '01 0' Il001 lei ~ Olwtll .'1 003 '" tOlo-tOtl )01 ..." OJlollt .'J dO) '" OtiDV""OIOt IS! JroDOe l"U 4tJ '" 10Io-tOOi 1111 oIC2 OJIIlt .'J Of} ,,' 
1l'llt"0101 AU aJWQOl 1»1) _03 '" IQ IO-tlOOI ~I ACt OMlI .. \ do} '" IlSO""OIOI AU QJI«lO'i l"lJ dOl '" an0-9OO1 ~1lS OMltO· '''1 ' 10.1 dt) '" 10'lIt",,001 I S ldO!X ")0 '", dt) " ItKO- ~ool U ICIOCK '"ID H) do, " IIl'I II"SOO I " JIIoO'i " 10 "l ,0J " 1050"5001 1'; ,Iooi ><10 "'J d'J " 10000 ';oo1 IS J'l00'S '''0 'tJ 40) " 10So-WIlI I '; JIlOO'i >110'") d., " 10~0 · <;OO1 I S JdOO'; '''0 .. } dl") " 10SO-~OO I l~ J600s "10 . r.o dl") " 10000-SOOI I. ~ "10 "J d. , " 

'O!I " .'5 JJJ ··,,01''''1'0 . J~ .,,) .... po.s lJ) 00lld,""'~ ., ... ", 

I " ' .' 



2 

A 

B 

c 

o 

E 

2 

3 

r-:;_~_.~-r BOARC PI 1 , 
I (OP'TIO"') I 

4 

Rev. ... ScARO 
J..o:.",..,.. QUo""4GO 

~& "'w .. " «O:Z. '3 

5 

~ 
P\IJl 

&>J'!I'I:'U! 'STI\IP 
eo .... I't.O 

A~_ GoQ,OS'1'S"oO 
-:.aa .. oc:.u... c<..2.. '" 

6 

L __ j__ _ ___ ,_ 
L--------------------------r--------~1_"~ .. " ... 'i1 8nnlE ~ O~ (RE"1't """,,,~L) ,. 

I 4 150-00Z<I 
~" o"', .v) Q 

r 6 EXT "THJO 5E L I N 
( RE)o.R p,o..,E<.) 

D,sl>\.J>. '" B e, 
... ~~ ." ~r..oe. " ~"10 
<Si" FICoURIi ~:Z.4 

ED 
•• I 
·150'0C)'2~ 

M OTH~R Bo>-RD 
I'.SS .,. "'~ 'I:34-D 
'5610 ~ \"u .. € <C .L.~ 

§¥l 

1-___ -1 __ \' ~7»Q' ccu 

fl
'l (O~>o",) R ,""so """", .. .,, ""'-1 

~75'H:'''5<: B ('lEAK P~L) 

~ 'Z~I (o"'"o ... ) (l,<.o' s "><-"'SIO '" 
, "'15<:>-0051 & (RU.. .. ~EI.;) 

r---I~ JI7 ... "'" I e .. K C<:>«IJ. 

(~ 0.""-"£ .. ) 

1m I " ~ iJ- 1 1 ':'_ 
- ", " ro I ; " ,,_.'"" 513 1 

-II ' , ~ 147SO-00:t~ 

FOO<'>NT P ":'>J E I. 

S .. 'r" <E~ A .. o • 

., 

POWE~ 
T _ ",::,eo.-:",,,--"t 

~ElO FIGURE. "" ."Z..!. . 
I ",',;I1 C,».T00I:3 

~'- F,GU~ ~c:;~ 

47 !1"<> 0072 I I 

.J. 
I , r----~ 41SO ·~ Y' ., I 

3 

'-_".Cl'S<O"-"''' Q!9~ 

1

47£; 0 - C O , ' J ---:--- '/- R~u,_ IYE ",_VE L 

J (". .. I\R _""'G:L' 
r :l,-- - o- ji.-- 1 1- J' -J - - :l r - Ji - ..... - --- -, , 
~- -- - L-- - i r---- I1*'1 : ____ J : 

• BCD IN .... E .. F~ I I FS I'~ ~Ioo~ .. , I 'S(ASeNl Do. , 
I ~o "'-:-..:> ... (3) I I (.-::0<>- .0 .... ' I '0<>- 0-.) I 

I 
1.5."." ........ '>6 · ,s(Oo I ' '" ,.~ ~ ..... O:'":1,, ' , A~_ .·o;o;.,.""' · ..:;.~· J 
Le .. .. ,c.u"''''~ •. l. .... I , . -• . ··"," ,;'- !.c~. , I , :.J;.I;. " ".JRE G .,-~I JJ 
~t"L -~- ~ ~ ___ _____ J ~ ______ mJ 

L f t,~·oo :· ., ~ ':", !"'T."' " 

_ __ 4~c..:...l... ._~ '~,-- ~ " 

4 5 

~(.o c.>l ."" RE"'" __ "'_) 

..,...;.... r." ~ 
RICA'"' -'""'-Eo.) 

6 

7 8 

II 

B 

c 

3 11 5 VAL 

o 

I="I6uRE G .'2.. '2. 

" 
IlUoIOVt All 

INUS "'N1) sw." fOCU E 

D'A"RAM 

,,,,, 
7 8 



'100-0'11 <O l ·~ .... )"~, 
.OOO-Ottl 0)1 ~"" -~01!1 
1000-1(\1 Ot - . df) '"~ 
1I09-0IW gUM lu l .. t~ 

!'OU-OOH t[l{S"" )/1 "" ~'lo-lOl l ;9 1 ~'1 1IoI 111 "" ~~Io--!nl! >91 1tt lO-l )/1 "" S~IO -lOI! S91)'I ... 1/1 "" It09-0lGl 8UC9 lU~ Ut"lt ,QIO-lO!l S9(J fl ... )/1 "" 00[( -00 91 ' ....... "Ol~l t8 ~ 00./-1011 I«XI"/'" :l/l '" 

~t"-O'in '~ I<'I/ "I~ " uU'J 
OI'OI-(KU "1& ." :!II 'u,,.s 
tl~I-Onl '" II )/1 '1 "'0-; 
9/01 -O'ill '~'~l O/I 'Hro-s 
~ IOI-O'iU u ~ . fI Olt -101'>5 
900I 'O'iU ",.g :)/1 '~ ' 1 '>5 
ItIO-O'll I.I :)! '1'"01; '/1 

tIlU -lO lI tIll"/ "" )11 '" lOti-lO ll to) "C"" 1/1 "' _1~10 1l IW10CttI 111 "" VDt/-lOli l1li01" "" JII 19,1 
106'-lOIi lO6lO/"" 111 "' Ir'[-IOil NII'9£SO :VI '" If<Ir-1OII .If.tsa 1/1 '" 10'C-ooH H/a ,11«l )1 1 '" CO. (-OOIl H10 l( WC )11 "" HII-lOIl ItISI51'llf;! )/1 '" Wf/-IOIl ~wn"l(1 111 "' 1O.1-IOtl IIlOSS1'Il lOl 111 '" W.C-IO tl .9il~lJl"ll 1/1 '" 1911-1011 " 19151'1t"ll JII '" .ttl-IOIl MtC'i"11II 111 "' C9I V-OOtl *,,181(1 ) /1 '" 'IlL-lOll H01151"1Il )fl '" IOlit-101l 10&'''1Il0l )/1 ''" lDII,...lOli ~DIIJN"" )f l "' OOt(-IO tl . oontt~ )11 "" 111(-lOIl !Il(9tS(l )/ 1 '" 1910-l011 " 191)'11+1 )I! '" 1!I~()-OO li Hll9';111 l/! '" tSI()-lO li ~1~1 "'11tO II I '" aIC-IOU H (~I )'11IoI JII "'" to()-l OIl If1-H). t ltO ll! "' t ll()-lOH Htll]' CI04 JII ., 
\liItC- l on ~,.''''' 111 '" 8OtI-101l !W1011IoI " I "" SIi'/-lOU I!tll~' '''' )fl '" 'l9tl-IOIl IItI)t / 1II )/! .. 
'''10-10 11 '9n'I"" )/J '" fi tO-lOIi Ull""" )/1 '" " Io-Wlt HI1f11+l ) /1 '" !'O,t-IOIi ' 1-Q~ 1t1~1 I II "' l{tl -~Oll Htl1f('" JII '" 

tOt/-lOll I'Oltl otl III "' 1910-l01l Rt9I).l otI lfl "" !'Otl-DOII ~I'O'IC~S 111 "' !llo-DOt! MIIOl lfl '" tIlt-lOll lIt/ll.C"" 111 u-
tClt-lOI I 11£11"1"" 111 /I ~, 
tll'-tOIl 111:11"1"" J/I "" r ,lt-lOII Iil: ll)tOt; )/1 '" to't-IO!! "'OS"I~ J/I '" SIIO-OOI I ":J'J;SlI1 li ! '" 0110-(01) MO!!O') J/I "" l(XIO-660) O<;U -i!8 !li " 'I'll 11>11 ' illig '" alOO-660 ) O'iU -l8OS "~'10'1 'f , 1Ig '" alOO-6601 O'i(' -l!'I'Oi J .... l~.1 'lIdo "" I'lo-OO!! 1;')1,,10 )f l '" SOII/-OOH ~o-IO~1I1 )11 '" WIIl-OO!l So-- lOKII1 "I " ll~ooH All ""'" 1I1 110, 'f l '" tIOl-COIl If I d ..... til IIai ) ft '" lt t...-OOH All - e..., III 1», )/1 '" lilt-OQ II HI' d..., U I &'1 JlI '" SO I'-OOIl O-~-dm: W1 ~I! '" !)09(t-OO~ 1 I 'I ~O 009 IllUl " /9Ul-OOI!iI d)O " Id tl ~"'.~ '"' IOH- U'Ot :I/ ' .'~ ~ ./I dllO? "fJ " . U, 
O/tO-51'01 1\1. 1 ~ . '/1 GlIO? ") ... ., 
lOiI9-S901 .,. " 1S ~ '/I d.-o) .>? ". ., 
ZOSt-S901 :t'il 1S ",II tIcool "0' UII ., 
lOSl-S901 :t'ill; A./I d""'l "t:) ... ., 
SUI-l'Ot 001 15 ~ I d""'J ">?'~ "' lOH-,QO\ :»1:£ I S ~"I d""'l Jt") ' .. '" l OIl-190t -'Ill u ~ '/I .... , ' O'J •• , ., 
OlI'O--UO I ()l'15 A'/I ."'1 .ltl <>~ ' II t OOS-liO I lit)O'i 1W :UlO4 ., 
(art-no) :;ott I i MI ll d""'l . tJ .. ~ '" IIl9i-S'lO ) :II)' S I S Mil d..,) "'J .. ~ '" 

- 0/1 ~_s HI oOPO""1C ., "' ' In -"" 1""lS HI 1>C1114P"fQ -,.q -1'1) '..,. ~ :""S 1JJ IIOl1dp"'OO - , • • "-0 

1-019( I~_ 

IOSI- i90) :ti-l \~ ~~/) d-'J ">? <~ ". )O/ . -Sto) :\1-' ,~ ~.I) d-'J • ., •• ~ ., 
lOOl-Sto) ;I(») ,~ ~'I) "0<>:,) "O') "~ , .. 
1 00 '-~'Kl 1 1( -, 1~ ".11 ~ '"1 .. ~ " IOll-S'Kl1 n-l ,~ "'/1 d""l "1 "I , .. 
101 '-~90 1 ~( - , 1S " '/1 . ... , "'J •• ~ ., 
I O! t-~90 1 :WI'S 11,/ 1 d""l .I , ) .. ~ '" 1(l£,-S901 :!l- ' \ 9 "'(I d'""1 .I, ' • • ~ ... 
OOSo-!I OI II it+Q (II)<; 1M ')oj , •• '" lott-lto. ~f-t \I MIll W'U 1M a~ . .. 
lIXl-S90t :1';1 ,~ 11,/1 dOKl'".l ")'" , .. 
~tK l-~901 :1';1 1!l . , , • ..., '" ... n. 
10a--UOI 111-' ,~ .,11 dlll>:l "'j ... 00 
10/O-Stot 11,(-' U ~./I d..." ~.] .... m 
I()'('-Stol iI/-' lS . ~/ I d..", " 1') •• , '" IO(t -S90 ) "'-, U "'f l • ..",.It") '"I ~, 

IO,,...S90 ) j(- , t5 ~"I dUOl , ., .. ~ '" 101,...nOI :<J. -, \9 ""I .UOl "'J .. ~ '" 10( '-5901 ~(- , ,~ ""I dllO) ;OJ "~ '" 100t-HOI lI('t U ~."I e"'ll .Ill • • ~ ." 10H'I!OI ./', U . '/1 ~"":l;oJ •• ~ '" 1 1~1-19Q1 I'll 'I ~fl MlJ 1M .... ". ~(I-"Ol "'1 '11'1 NU) II1J IN n. ff' 
l005-!IOl U,""IWld'04 ., 
[0.('-590) ' -..I' lS ~./I dll<lJ ~t:)"~ '" 1011-Stol >t'l 1~ MIl d.o:l .. t:) ... ., 
IOll-S911! :e'l 1.5 ",II '''''' "'j .. , '" 10ll-ltol :e' l '5 M I l '''''' -' 11 .... '" 10,1 - 5'lO1 )l'1 11 ""I o""'J ;oJ .. ~ '" \'00 I -1 '101 ~I " " '(I dl101 JfJ "1 Il~ 
1rl'1 I-S901 ~I II ",II dllOJ .Ill •• ~ ~l ~ 

C" " - l90 l ~ril:l~~~/~..,~J,,~; ::: .n 
l1)U-1 9Il 1 no 
COtl -S9Q1 'Onl ,~ " '/1 doo:> ") .. _ m 
lOOl- lt(l) II lOl lM),j 'Q~ '" ~/-1'i'0 1 lO'~l II MIll II1J IN u, "" (OOI-l 9V1 JDIlI " t1t11 II1J JH .. ~ '" loet-I901 .~ ,~ ""I d-.::J "t:) •• _ m 
~(la-UJ I II I \S ~t/l d-.::J "'J '"I m 
rool-lto l -.,1 n MIl d..." " ) u* '" I~l"'-~'IO I ll" t S MIl .C') "') '" m 
10,,-19J I 11/.', IS "til ~:OOl .lt ) , . ~ "" 

I()tJS-~'O I :19-5 IS ~" I d.o:) ... ) .. '11 '" IOC "'-S90 1 lIl't IS ~" I d.o:) " l " . m 
0' 10-190t OS! \S ~"I ~00:1 .Ill "I '" l OO t - n Ot :0)( lS ""I '00:1 "OJ ul "" IOV~-I'OI ,",' ~ 'S ""I d""'J "1 '"' .. 
I OLl--~901 :1/', J, ~1I 1 ~ """ " ' 1 • • , " 0110-1901 O'i, \S ~ ~/I .lIO? "") '" " II~o-O lO I All OJl(l(lll P'1l ~ ' l .. 
OIirO-I'101 <)OJ{ \ 5 ~ 1I1 dW) "'J '" .. 
ZOOI-riOI 11 :«Il,Od .. 
100l-S'I01 ~ I U Atll d"",) "'J ... " 10l"'-S901 :1/- , \, M Il d""'l.o) '"1 .. 
10l""S'101 :1/', l~ ~'/I "-J ,>? ... " MilO'i-lll l &8O'i ~l ""'I l '" 6II0S-11l1 !l&OS_t "''''IX .. 
I~I '-Ia l IlltH! "Ol'n .. 
66OS- IU l NlOS~ -'~<IJ " tat-tat fl"~~ "') 'IX .. 
(MO-IHI LOS) Hi .. 
SHt-IHI 5U,«l "'1' ~l " l~l.-lll · i!1~~~ "O1<!~ " ~a.-Iul Sln~l "OI'll " ~a' -Ial SIlUl "~'Il " -"" 1-90-0£U_ lV K'I~H .. ....... , I-tO-mUW n &>-I~H '" 9OC0-oeei >Iod' ' ll ~' I~ W, 
SOOO-O'il~ Itlo, HP<'S m -... , 'I ~d f ~l l K' I '~ '" 5 000-OS2~ ~'I'J lOpO,! "" 'OO9-O'i l~ 'Id t f." I; '" lOO9-()!; l 2 U~d I ~n " '" W)9-0Hl " liIW ''1; II ",») '" 100"J-09 !~ "(OM "! d I r;,,\d '" 9!1O'i1-0Sll " ' d 9 ~nl~ ~, 

l l i NISll ' .... ... lIu ' dn .. O'] " 1l~.,.1)I;1l • • P . ... II Ul d U uUO'] " lli9-OS~l " .P .... II "I~ il uUI» " l~lo-OOII 18l~ ' 010 61.~ 
IRlo-OIlll 1 @1~ 1 0JO VlB) 
loo'-tel l lOOt~1 ' ~I ' )0 Ill ' l OO'- f9 !( i{)[lfNI '~ I 'Ie ~l~ l 
l oo' -rill i l oo.HI '~I 0)(1 Sl ~J 

O'/OC- Iell 1'90£N1 110 ' ll l 
lODt--. lm lootHI ..... 010 (l~ l 
lOOt--l1Il( lOONI '»11 110 U~) 
roo'-l1I ll 10Dt ~ 1 1"*11 OtO Ill) 
roct-- tIIn IOOUI l»~ '10 O!~ ) 
lOO'-1i11 tOO'~1 l)'~ .~c H ~) 
ISlO-OI!n lel HI OL O ~I ~J 
IIiZ()-(JiI!t 18 l~ 1 . ~o m) 
,9Qf-!eI 1 t'l!XHlO IO I! ~) 
6tH-rilll 6(/ tlI\ ~l " 0 S(.) 
CtlO- (9l! IfI •• 1 ~l 010 ' In 
ItU- (9ll lfltfH Il~l 010 fI') 
1000-tillI 1000RI 1>'. 01 0 li ll 
lOO..-)911 ICC,NI n., 010 lin 
lOO""f9ll lomNI 1"1 01 0 OIIJ 
loo..- tIIZl IOOI ~ ) I "~ fl O '" lOO...- oe7,1 lOOtNl 1"~ 01 0 '" lOO""'l1ll ( 100t HI ., •• "0 '" ~OO"'-l1ll 1 100tHI \; >~ 010 '" lOO..-tIIl l lOO'~1 l>'~ 0'0 '" l OOt-tiln lOOIHI 1;01 .'0 '" roJ...-:o!I11 lOOH I I,... .'0 '" lOO.-'l1l~1 lOOtN I 110¥ 010 '" 100...-7911 lOOtfII 11., Q,o '"' 'r(U-~OOI O.Jol IO- "10 'r.t dO] m, 
6f Ol--WOI OJI' IO - ""10 J~ do) '" 6(01-0;001 ~IO - ''10 .0] dO) on 
101lHttOI lOl All<! ~ '~~I UII .r) '" 6tOS-~CO ) ruNS O' "IJ JI) ~') .. , 
IO<;()- IOOI ,~ , '001 '" 10 JOl . '1 "' 6(0<;- SGO ) O,H5{l' '''0 .I~ a.) '1< 1 
IOS()-~eo l ;, JOOO\ ,.. ~ o .I~) d' J fl' ] 
OOI I}-SCO I J.<t "'I · " 10 .I' J dOl I,:) 
OOI I}-'itO I 1.1 1 .li'U - "' ~O "J do, '" oolo-~ODI All Jill· ,U~ ;0) at) ., 
COIo-~OOt All ~I - " '0'" d.) '" OOlo- SOOI AU "'I - "'0 ,., do) '" 0010-'i{l01 Al l JIll - ""10;0) dt) '" COlo-SOOI All ~I "10 ;OJ U) ~, 

6rOS-'7001 0-"50 - "10 JO) U, '" ~rl)';~sool a.M;!) ' "IQ "') ~ ' ) '" 6[0<;- ,001 "- "10 JI? I.) '" 

1(liO-tOOi '$Ol ~Ol OJl(lOI .t! 6'J '" 00101001 \01 Ant a_I " I ~'J '" 6(1)l;- SOOI O.lII5O' :><10 ~O:J dl l ~, 

0010-5001 HI'" I' ><.o .. ~ 4.~ ., 
"01-1001 O~IO ' "'!Q Jo:! dlJ , n 
()J'0-9anl ~OS ONJ. tIl' II-" J 11<>oi dOJ '" 0010".001 HI it1 I ' ")Q .. oJ do, ,n 
6[01 -<;001 0.11110 ' "~Q;oJ d.) '" ,"Ol-,QOI 0.11110' " ~ Q "'J d., ., 
.(01 -<;001 ~IO ' :><10 Hl dl] "' "Ol-~\ O.JolIQ ' " 10 ;01 d., "' 6(OI -~1 0,.110' "10 ' OJ dO'J '" 6( OI-t;OOl 0.1111 0- "111 "~J do) OC, 
IMo-SOOl \S j~COi ' ' '0 "~J dO, ~, 

1 000C--~OOI ,s JtIOiJoI ,,~o ">l do) ~, 

1 Ot;c--~OOI t!J JIIoo\ "10 .. oJ do, '" ItKO-SOOI 1~ JtIoos "'0 '.J dl ) no 
tiOO--'1001 AO'i OJllt IOO' 11-"1 ~Io. d. ) m 
6[ OI-~00 1 OJHIO ' "')e 'OJ d" on 
OO( ()-~OOI HI Jill' "10 "~J o' J [ lJ 
H OS-iDOI OJ160' "')0 -'~, d. ] no 
n Ot -WIll ~IOO ><IQ .I'J d' J '" OIOlNoo l AOOI OJIII ' h"-l dll ~, 

1010"1001 \al AOl OJIIJI .01 d.) '" Gllo-9001 I~ OIoIZlI)' II-' IJ KlOoi d.~ '" 6tO'i-~eol OJIIIO- :><10 ~O:J d. ) '" 6(0')- .001 OJIIIO - "10 .~ dt) '" 0010-1001 .ldol . 'IN dl] '" COIO-1~OI \01 Ant 0.;1101 "' 1 401 '" n OI-SCOI OAtIQ' :><IO "~ ~ ., '" ll!lo- OIOI ',l OJIfX)"; p'!] d.] '" 001013 001 \ 01 .01 COOl u01 d., '" 000Il - 0101 •• 1 JroJOIi l"IJ d" '" OOlo-iOOI \al II)l OM) I "'1 ~., " lIliO-OIO I ~'i! 0_ P '!l dt] " OOlo-iOOI 1-0) Ant OJIIJI "'1 d.] " m o-OIOI Ail 0'- " .n dlJ " 0010-1001 1-0) 10l OJMOI " 1 d.) " m o-OIOI A~l 0 __ 1~1l d.] 

" 001 013001 "1111 10l iUMOl .'1 dl) " m ()-O IOI 'U OJIIO[)<; l"" IJ do] " OOttrSOOI HI .Il l ' "10 "~J do) 

" I 

' '''' . >e\~ lJ1 \IO!1~">"(l ' j~ '\'0 'OIj P OlS 1Jl "O"d",,"l 'j O\l 'H) '~ "'., LU ~O'\~ln.O(I ""' ' .. , 'Oij \>"I~ l .ll . "qd!"" 0(1 'j · 1 -Ill 

" ' OI! H'(lON 

I .~ ,~ 



3 

a 

-

1 

8 

~~'T." 
' . . ". 

~ '~"1'<3H-:>S 

" 
, , 

1= ' 

I;;'io~' [ ,~ 
,~ 

'~mMl) ~~, 

.... ¥"Id'i."'l .... J 
o,~ 

~,,' 
OHo I 

, , 

II 

• ~ l'~" 
'. 'M .. " ~ . "" 

0 ... " , ,, ''''''''~ jO 
,,,, .. n " ' .. .. "0' 

or 

I 9 I S , " 
. ' - , . .".- " .".." "_ .,,.-, " -. - 0 

- -:,'~ ' - ' " ~ - ",~C" ')'1 "k~'-"-"> 3!<: N O 

_ ~ ' , ! -, ' ,~ '" .., ~ " ' 1" '" ,-< o~ y", I 

" 

~ 
, • be 

~ 

~ 
l 'i 

III 
-.-

. I., , 
"~, 

, 

'" 

, 
, 

, 

" 

: ) \d 

0" 

~ ,,' 

, 

I J. 

",0_ -""","d''''' '' ' 
~ ,~<>, ,,.t 

m, 
0" , ,, 

'" .,' .. " 
"" ,,, 
m 

" . 'i4 ~ o, ~ -1 ' ~ I ~:~ 1.".., " . 
--;:;;: 
ric 
ric 
ric 

' co ~ H 
--;:;;: 
ric 

' ., ~ ri> 
I~' 

• 

a 
F-

r"" I " 
I" ~= I., 
I .. . ,'" 
I " I: ~.~ 
I" I ~ ~~ 

I" 
1 " 

" ~ , 

lor 

8 



Display BO 7610-C Assembly * 6608-1420 

Ckt. Ref. Description TFT Stock No . 

CRI Led MV5025 1285-5025 
OSl Led 0L704 8 1285-0704 
OS2 Led OL704 8 1285-0704 
OS3 Led OL 701+1 1285-0701 
OS4 Led DL704 8 1285-0704 
OS5 Led 0L704 8 1285-0704 
OS6 Led OL704 8 1285-0704 
OS7 Led 0L704 8 1285-0704 
J3 Conn 26 Pin M Header 2250-6512 

Q ~ 

°0 ~ 

< 2~i :J . , - , 

r ' I I 
~ . 

~ 0< 
~/ S , 

<:.l~ 
2 ~ 

[ ~ I 
I ~ 

0 

Ql X i star 2N4275 1271-4275 
Q2 Xistor 2N4275 1271-4275 
Rl Res Car Comp 1/ 4W 5% 4.7K 1065-4701 
R2 Res Car Comp 1/ 4W 5% 150 1065-0150 

.. 
I " I ::J of) 

Cl 
1 <:; 

R3 Res Ca r Comp 1/ 4W 5$ 4.7K 1065-4701 
R4 Res Car Camp 1/ 4W 5% 120 1065-0120 
R5 Res Car Camp 1/ 4W 5$ 150 1065-0150 
Ul IIC 9368PC 1100-9368 
U2 IIC 9368PC 1100-9368 
U3 IIC 9368PC 1100-0368 
U4 IIC 9368PC 1100-9368 
U5 IIC 9368PC 1100-9368 
U6 IIC 9368PC 1100-9368 

Cap Cer Disc .1 UF 12V 1005-0100 
Cap Tan 10MFO 20V 10% 1008-0100 
PC 80 7610-C Display 1600-1420 
Socket, IIC 14 Pin 2250-1014 
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Socket , IIC 16 Pin 2250-1016 
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Model 7630 Relay Select BD 

Ckt. Ref. Description 
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~. I}( 1lI4}li~ 
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U4 IIC DM7407N 
US I/C DM74LS154N 
U6 I/C DM74LS154N 
U7 I/C LM342P-5-0 
U8 IIC SN7465138N 

Socket, I/C 14 Pin 
Socket, IIC 16 Pin 
Socket, IIC 24 Pi n 
Conn 26 Pin M Header 

Assembly # 660B-1680 

TFT Stock No. 
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4. 1 

4 . 1 . 1 

SECTION 4 

THEORY OF OPERATION 

Block Diagram Di scussion. 

7610-C Bl ock Di agram . (Fi gure 6- 1-1 ) 

The 76 10-C conver t s the binary control data from its 
CHANNE L SELECT t humbwheel switches, f rom i ts UP /ON and DOWN/OFF 
pushbutton swi t ches, an d from toggle switc hes on the Model 761 5-C (when 
used) into ser i al binary data for transmiss ion over the commun icat i on 
l ink to t he remote site. The 7610-C al so receives ser ial bi nary 
te lemetry da t a from the remote si te and converts it t o 8- bit paral lel 
data fo r the TELEMETRY DATA and CHANNEL VERIFICATION di sp l ays . 

The transmit functio n i s diagrammed on the le ft-hand s ide 
of Figure 6-1- 1. The seven li nes from the thumbwhee l CHANNEL SELECT 
swi tches provide BCD outputs from 00 to 79 (80 channels ) . The UP/ON and 
DOWN/OFF swi tche s require one bit each . The multiplexer connects these 
nine li nes to its output when the front pa nel EXTERNAL CONTROL swi tch is 
i n the OFF positi on ; when the switc h is i n the ON pos ition, these nine 
bits of control data come from an external source. The seven CHANNEL 
SELECT bits with one telemetry f ai l safe bit from t he receiver ci rcuits 
are applie d as para llel i nputs to shift reg i ster U13 . Th e same bi ts are 
appli ed, for redundance to i ncrease re l iabi l ity , as parall el input s to 
shift register U12. Sim i lar l y , four bi ts from the remo te si te select 
c i rc ui t , one bi t f rom th e front pane l UP/ON switc h, and one bi t from the 
front panel DOWN/OFF swi tch are applied t o Ul l . 

A l oad pulse from the control and t imi ng circuitry loads 
these inputs i nto the shift registers. A clock pulse loads th is data 
into the Universal Asynchrous Receiver/Transmitter (UART) at t erm i nal s 
TX l through TX7 , together with a l ogic zero from the end- of-word 
generator (see top row of Tabl e 4- 11. Start , stop, and par i ty bi ts are 
added in the UART , and all 11 bits are then fe d out of the UART f rom its 
TRO output as ser ial data to the FSK generator in the modem. 

A shi ft pulse f rom the UART then sh ift s out the next bit 
from all shi ft registers, so that the data in the second row of Tabl e 4-
1 ;s l oaded into th e UART , converted t o ser ial data, an d sent to the 
modem. Thi s continues t hrough t he eighth bit from the shi f t r eg i sters , 
at which ti me the output of the end-of-word generator i s a l ogic one. 
See TX8 . Th i s si gnal s t he end of the command. word; the shi ft r eg ; sters 
are then reloaded and t he entire cycle is repe ated. 
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Loaded 
SIR Bit 

H 

G 

F 

t 

0 

C 

B 

A 

NOTES : 

Table 4-1. Model 7610-C Transmit Data Format 

First Second 
." 7615 7615 

Bit TXl TX2 TX3 TX4 --rxS TX6 -ri7 TX8 

1 TELE FAIL CH4 (TELE UP 8 -- 8 -- 0 
FAll ) 

2 CH1 CH2 (CH1) DOWN 7 15 7 15 a 

3 CH2 CHl (CH2) SITE3 6 14 6 14 0 

4 CH4 TELE{CH4) SITE2 5 13 5 13 0 
FAIL 

5 CH8 CH40(CH8) S ITEl 4 12 4 12 0 

6 CH10 CH20(CH1O) SlTEO 3 11 3 11 0 
._--

7 CH20 CH1O{CH20) DOWN 2 10 2 10 0 
. 

8 CH40 CH8 (CH40) UP 1 9 1 9 1 
(sync) 

1. The letters in the Loaded SIR Bit column represent the 
data bits initially stored in each shift register. H is 
the first bit to be shifted out, and A is the last. 

2. CHl throuch CH8 denote the 4-bit BCD output of the LSD 
CHANNEL SELECT switch. 

3. CH10 through CH40 denote the 3-bit BCD output of the MSD 
CHANNEL SELECT switch. 

4. UP and DOWN denote outputs of the front panel UP and DOWN 
switches. Logic 1 represents switch closure. 

5. SITE 0 through SITE 3 are for site selection in a 
multi site installation. A 4-bit code denotes the 
selected site. 

6. The numbers in columns TX4 through TX7 denote control 
switches on the 7615 front panels. A logic 1 represents 
switch closure. 

7. TXl through TX8 are the UART transmit parallel inputs. 

* { indicates formats on earlier production units 
i.e units preceding Serial Number 225-3. 
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The recei ve f unc t ion i s di agrammed on the r igh t- hand si de 
of Fi gure 6-1-1 . Ser ia l data fr om t he remote si te enters t he UART at 
t he Receive r Input (RIl. When the UART de t ects a start bit, i t star t s 
loadi ng one 8-bit seria l cha racter within the UART . After the characte r 
i s l oaded, the Da t a Recei ved {DR ) l ine is set hi gh. Thi s al l ows the 
shif t registers t o sampl e the UART parallel da ta output at te rm inals RXl 
t hrough RX8 . When t he shi ft reg i sters sam pl e the out put , t hey strobe 
t he Dat a Rec e ived Reset (ORR) li ne t o a l ogic ze ro t o reset the DR li ne . 

The parallel data at UA RT outputs RX1, RX 2, and RX 3 i s 
appl ied t o the ser i al i nputs of 8- bi t sh i ft reg i ste r s U26 , U25, and U2 3. 
When the DR line from t he UART goes h i g h , t he i npu t data is shi fted i nto 
the three shi f t registers . Data at RX4 through RX7 i s shifted i nto the 
7615-C at the same t ime (when t hat optio n is i ns t all ed) . A l ogic zero 
from RX8 is appl ied t o t he end-of-word detect and control ci rc ui try; 
this in pu t remai ns l ow for t he end of t he word. At t he end of t he first 
sh i ft, the data shown on the top row of Table 4-2 has been shift ed i nt o 
the regi st ers. The control circui try the n st robes the UART ' s DRR li ne 
t o a logi c zero to rese t i t, an d then t he next se r i al inputs f r om t he 
r emo te site are converted t o paral l el data at RX l t hrough RX8. Thi s 
data, corresponding to t he sec ond line of Tabl e 4- 2, i s shi f t ed i nto the 
shi ft regis t ers. This process continues until eight bi ts of data have 
been received for each shift reg i ste r . 

Loaded 
SIR Bit 

H 

G 

F 

E 

0 

C 

B 

A 

NOTES : 

Bi t 

1 

2 

3 

4 

5 

6 

7 

8 

--

Table 4-2 . Model 7610-C Receive Data Format 

RXl RX2 RX3 

80 CH 1 UP 

40 Po 1 arity DOWN 
1=+ 

20 2000 CH40 

10 1000 CH20 

8 800 CH10 

4 400 CH8 

2 200 CH4 

1 100 CH2 
--

First 
7615 

RX4- RX5 

8 --
7 15 

6 14 

5 13 

4 12 

3 11 

2 10 

1 9 

RX6 

8 

7 

6 

5 

4 

3 

2 

1 

Second 
7615 
ffX7 

--
15 

14 

13 

12 

11 

10 

9 

RX8 

0 

0 

0 

0 

0 

0 

0 

1 
( sync ) 

The numbers i n the RXl and RX 2 c01umns refer to t he BCD data 
for the four digits of the TELEMETRY DATA display. Other 
entries in the table are sim i lar to those in Table 4-1 , except 
that Table 4-2 RX4-RX 7 describes status displays rather than 
switches. 



A l atch pulse , wh i ch is produced by the control ci rcui t 
after eight sh i ft pul ses have been received _ clocks the outputs of the 
shift regi ste rs into parallel regi ster s for the displays . The UART RXl 
and RX2 outputs from sh ift registe rs U26 an d U25 provide the data 
received fr om the remote si t es (in BCD fo nn ) fo r t he fo ur digits of the 
TELEMETRY DATA displ ay, as shown in Tabl e 4-2 . RX 2 al so provi des J 

pola r ity bit for t he di splay , a logic one for positi ve da ta and a logic 
zero for negati ve data . Th e 14 bits of BCD information pl us the one 
po l arity bit are decoded on t he dis pl ay board to dri ve the TEL EM ETRY 
DATA display . 

One bit from RX2 and six bits f rom RX3 are decoded on t he 
display bo ard and used to dr i ve the two-digit CHANNEL ~RIFI CATI O N 
di splay. The two rema i ning RX3 bits are used to li ght the UP or DO WN 
pu shbuttons to verify tha t t he prope r up or down command was r eceiv ed at 
the remo te site. The out pu ts of RX4 t hrough RX 7 are used t o indic ate 
t he status of circuits controlled by t he Model 7615-C switches when that 
option i s installed. 

Whe n there is a downl i nk da ta failure l asti ng 7 to 12 
seconds , it is detected i n the t el e failsafe Ci rc ui t , wh ic h the n lights 
an LED i n the di spl ay and app li es a logic one t o one of t he pa r allel 
inp ut s of transmitter sh i ft registe r U13 . The down l ink failu re is also 
i ndi cated at t he rea r-pa nel at the TELE FAIL te rm inals of J12. 

4. 1 . 2 7610-R Block Di agram . (Fig ure 6- 2-1) 

The serial control-word data from t he co ntrol site is fed 
from t he FSK modem into t he UAR T through i t s RI t erminal. The operation 
of t he UART ; s as described for t he 7610 -C . The parall el data at RX1, 
RX2, and RX3 is sh ifted into shi ft regis te rs U32, U3 l , and U33; this is 
the data in the top row of Table 4-1. As each serial charac t er is 
received f rom t he contro l si t e , it is conv er ted to parallel dat a by the 
UART and shifted in t o the shift regis t er s . When all eigh t bits have 
been shifted in to the shi ft regi ster s, the 8-bit word in shift register 
U32 is compared wi t h the 8- bi t word in U31 . Since the same data was 
transmitted for these t wo words (see the TXl and TX2 col umn s in Table 4-
1) , each bit stored in U32 should be the same as t he corresponding bi t 
in U3 l . If t he two agree, the channel compare ci rcui t sends a cloc k 
enab l e t o reg ister U38/U3 9, so that the a-bit word can be clocke d i nto 
t he register . Th is wo rd contai ns seven bits of channel se lect 
i nformat i on plus the t eleme t ry f ailsafe bi t . I f thi s bit is hig h, it 
indicates that there has bee n a f ailu re t o rece ive the tel emetry at t he 
control si te fo r a per i od of 7 t o 12 seconds. Th i s bi t is applied t o 
t he t el emetry fai l sa fe circu it, wh i ch del ivers 12 vol t s t o rear- pa nel 
TELE FAI LSAFE tennina1s whe n the bit is high , fo r ene rgizi ng an ex ternal 
r el ay . 

The 7-bi t channe l select word in reg ister U38/U39 is 
cloc ked in to the 2- t o-l multiplexer by the end-of-word latch pulse. 
the LO CAL MODE pushbutt on is no t pressed, the regi ster bits are 
delivered t o the relay selec t logic circui t . If the pu shb utto n is 
pressed, the multi pl exe r selects the outpu t of the 761 0-R f ront panel 
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thumbwheel CHANNEL SELECT switches for input to the relay selec t logic 
circuit . The seven bits out of the multiplexer are also fed through 
shift registers into the UART for transmission back to the control site 
for the 7610-C CHANNE L VERI FICATION oisplay _ 

The data at UART temlnal RX3 is loaded into shift 
register U33 . The UP shift register bits 1 and 8 should be the same 
level, and the DOW N bi ts 2 and 7 should be the same level . These are 
compared in the up/down control circuits ; ; f they ag ree, the UP and DOWN 
control signals are fed through to the UP and DOWN relays. If the LOCAL 
MODE button on the 7610-R ;s pr essed, the multiplexer will deli ver UP 
and DOWN control signals from front-pa nel UP /ON and DO WN /OFF switches 
instead of the signals from shift register U33. U33 also receive s four 
bits of site selection data, binary coded to identify the site to be 
controlled. These four bits are fed into the site compare circuit, 
which is programmed to identi fy one of sixteen possibl e codes, one 
assigned to the site at which this particular 7610-R is installed. If 
the;~e is agreement , t he latch signal oui;:. of the end-of-"Io;' d detector and 
control circuit is enabled. 

The data at U-\RT tenni nal s RX4 through .~X 7 is sent to 
~odel 7615-R modu l es (when installed) for controi purposes. 

The logic level at RX8 is a zero for the ~irst seven 
bits, and a one for the eighth bit to identi fy the end of the c~~and 
word. This produces a latch, whic h clocks the channel select word into 
register :138/(139, and also the UP and DOWN control signa;s from the 
UP/DOWN control circuit. The end-of-word bit is also appl led, together 
with control tim i ns pulses, to the control failsafe circuit. If either 
or both of these inputs fail to appear for a period of 20 to 55 seconds 
(adj ustable) , the control failsafe circuit detects this condition and 
deenergi zes the control failsafe relay . The relay contacts are brought 
out to t he rear-panel CO NTL FAI LSAFE tenninal 5 for cortrol of the 
transmitter. 

The relay logic circ uit decodes the 7-bit channel select 
word t o energize the relay (1 of 10 ) on the relay board that corresponds 
to the cha nnel selected . Each relay ha s three pairs of contacts . One 
pai r is connected to a pair of tenni nal s corresponding to the rear-panel 
TELE +/-strip; thus the t el emetry an alog voltage applied to that puir of 
t enni nals will be sen t to t he A/D converter for transmissior. back to the 
control site i n digital form when that partic ular channel is selected. 

A second pair of con~acts withi n the same relay connects 
the rear-panel UP A and B terminals for that channel to the U~ relay ; 
thus if the UP bit in the command word is a logic one for that channel , 
the energi zing of the UP relay will place a short across that channel's 
UP A and B terminals . The DOW N circuit operates similarly. 

The analog voltage for the selected channel is fed from 
the relay card to the A/D converter, and the resl)lting digital data is 
stored i n a register. When the External BCD or':ion is installed, the 
output f rom t he BCD input car d is substituted for the register outpu t on 
Channel s 8 and 9, and the regis t er is disabled on those char~Qls. 
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Tile 15-bit BCD register output (two bits for t~e MSD, f our bits for the 
three other dig :ts and one po- arity bit) is applied to shift registers 
U24 and U25 . The register output also drives the 7610-R TELEMETRY DATA 
display when the LOCAL MODE buLton is pressed. 

Six of the seven channel-select bits from the 2-to- 1 
mult iplexer are appl ied to shift register U26; the seventh bit goes to 
shift register U25. The UP verification bit and the JQWN verlfication 
bit from t he UP/DOWN control circuit are al so applied to the input of 
shift register U26 . The shift registers are loaded and then their bits 
are shifted i nto UART terillinals TXl throug h TX3 as described .on Section 
4. 1 .1 The data from the optio1al 76155 and the output of the end-of
word shift register are also shHted into the UART. The resulting 
serial output is fed from the UART's TRQ terrninal LO th0 rSK modem for 
tra~smissio~ to the 7610-C at the control site. 

4. 1 .3 7610 ConllTlunication L in k. (Options) (Figure 6-3) , 

The commun i cat ion 1 ink b etv/een the cont ra 1 site and the 
transmitter site can be a te l ephone l ine (TELCO) or a radio link (STL 
Inicrowave £or control commands up, and the broadcast transmitter cor 
telemetry down). Up~ink commands are sent at a 600-baud data rate, and 
downlink te'emetry at a 300-baud rate. The various switches shown in 
Figure 6-3 are set for the type of link to be used. 

The logic-level serial data from the UART i1 the 7610-C 
is converted to serial-data tones in t he FSK generator on the 7610-C 
modem card. Logi: one becomes a 2400-Hz tone, and 'ogic zero a 2900-Hz 
tone . For TELCO transmission, these tones are transformer-coupled into 
a standard 600-o hm telephone line. For transmission over an STL, the 
tones are fed to the stud i o's SCA generator to modulate the subcarrier 
before it is appl ied to t he ST L transmitter . If tIle studio has no SeA 
generator, an optional SeA generator card must be used. The switches 
shown, all of which are on a 16-pin DIP asse~bly i n the 7610-C or a 14 
pin DIP assembly in the 7610-R, are set to establish the appropr;ate 
pat h f or the FSK signa- , 

At the relnote site, the FSK signal is transformer-coupled 
into the FS K detector on the 7610-R modem card if transmission was over 
a te 1 2phone line; or demodulated i~ the optional SCA detector card and 
fed to the FSK detector if transmission was via an STL. The l ogic-level 
serial dataiTom the FSK detector is app 'lied to the 76l0-R UART for 
serial-to-parallel conv~rsion. 

On the telemetry downlink, the logic-level serial data 
~rom the 76l0-R UART is converted to FSK tones (1200 Hz f or logic one, 
1500 Hz for logic zero). For TELCO trans ill ission ; the FSK signal is 
trar:sformer-coupled into the same telephone line that was used for the 
uplink. For downlin k transmission over the broadcast transmitter's 
subcarrier, the FSK s i gnal is applied to the transmitter's SeA 
modulation input . If such an input is not availa~le, the FSK signa~ 
must be routed through an optional SeA yenerator card. External FSK 
data can be i "ltroduced through a rear panel BNC connector or the 76l0-R, 
and mixed with the other f~ S K signal on the downl ink. 

4-6 



If a TELCO downlink is used, the FSK on the telephone 
line is transformer-coupled (same transformer for up-link) at the 
control site into the FSK detector on the 7610-C modem card. If the 
broadcast transmitter is used for downlink communication, the SCA is 
demodulated by the station's SeA monitor; or, if a monitor is not 
available, by an optional seA detector card. The FSK signal is then fed 
to the FSK detector. The FSK detector output is the logic-level 
telemetry signal; it is applied to the RI input of the UART in the 7610-
C. If external FSK was introduced onto the downlink at the 7610-R, it 
will appear at the EXT DATA OUT BNC connector on the 7610-C rear panel. 

4. 1 .4 7615 Block Diagram. 

The optional Model 7615 Status Monitoring/Direct Control 
System is used to expand the on/off control and status indication 
capability of the Model 7610. One or two 7615 pairs can be used to 
provide 15 or 30 additional channels, respectively. Each 7615 consists 
of a 7615-C unit for use at the control site and a 7615-R unit for use 
at the remote site. 

In the 7615-C (Figure 6-4-1), control inputs come from 
either the 15 front panel toggle switches or switches connected to the 
rear panel CONTROL terminal strip. After inversion and buffering, the 
inputs are applied to the parallel inputs of two shift registers, one 
for the first eight bits (switch outputs) and the other for the last 
seven bits. A load pulse from the 7610-C shift the contents of the 
shift registers out serially. If the 7615-C is the first or only one 
installed at the control site, an internal switch is set to route the 
serial data to the 7610-C over the DIl and D12 lines; if the 7615-C is 
the second one installed, its switch is set to route the serial data to 
the 7610-C over the D13 and D14 lines. At the 7610-C, the 011 through 
014 data is applied to terminals TX4 through TX7, respectively, of the 
UART (see Table 4-1), 

The data is sent from the 7610-C to the 7610-R over the 
communication link as described in Section 4.1.3. The UART in the 7610-
R delivers the data to the 7615-R (Figure 6-4-1) over the D01 and D02 
lines (for the first 7615-R) or the 003 and D04 lines (for the second 
76l5-R). An internal switch in the 76l5-R is set to feed the data from 
the proper lines into the shift registers. With the switches set as 
shown in Figure 6-4-1, the 001 serial data is shifted into an 8-bit 
shift register by a clock from the 76l0-R. Then the next time the eight 
bits are received on D01, they are shifted into the same shift register 
and the contents of that shift register are shifted into a second 8-bit 
shift register. The contents of these two shift registers are then 
compared. At the same time, the serial data from D02 ;s undergoing 
similar processing. If there is agreement in both compare circuits, a 
latch pulse is gated into the clock input of a holding register to load 
the register with the D01 and D02 data. The outputs of the holding 
register are fed to relay drivers which drive 15 relays to produce 
contact closures at the rear panel CONTROL terminals that are in the up 
position. 
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I f the LOCAL CO NTROL IREMOF CO--:TROL switch on the 7615-R 
front panel is in the LOCAL CO NTROL position, the relay drivers are 
disabled and the relays are controlled directly by the 76l5-R CONTROL 
switches ~n the LOCAL CONTROL position, the LOCAL CONTR OL/RE~OTE 
CO NT ROL switch also provides a contact clost;"e to the rear panel LOC.".L 
WARN teminal s, so that an externdl warning uevice connected to these 
tenn lnals will alert '.;;he operator that he is in local mode. 

At tne 7615-R, status inputs, which can be contact 
closures or TTL inputs, are introduced through the rear panel S-ATUS 
tenninals . After inversion and buffering, they are applied through 
display drivers to the front panel STATUS display LEOs. ~he status 
inputs and the corresponding STATUS indicators are independent of the 
relay closure outputs. The status inputs are also applied to the 
parallel inputs o~ two shift registers and processed in the same way 
that the control inputs were processed in the 7615-C. Eacr shift 
register handles eight bits, but one bit frOl the second snift register 
is a spare. The serial outputs of tile shift registers are switched to 
the 011 and 012 inpu'.:s to the 7610-R UART if this is the first-position 
76l5-R, o~ to ~13 and D14 if it is Lhe second-position 7615-R. 

From the 761O-R UART, the data is sen t over the 
comml.l'lication link to the 7610-C, where t he 7610-C UART delivers it in 
serial form to the 7615-C over D01 and D02, or 003 and D04 (Figure 6-4-
1). THe data goes through another double-co~pare process like ~he one 
in t:~e 7615-R If the data bits compare, the data will be clocKed i nto 
the holding reg~5ter and fed through dri~ers to the front panel STATUS 
LEOs. The outputs of the drivers are also ~ed to the rear panel STATUS 
tenn i nals for operating external indicators. 

4. 1 . 5 7630 Block Diagram . (Figure 6-6-1) 

Each optional Model 7630 Channel Expander contains 20 
relays on two relay boards as in the 76l0-R to provide 20 additional 
channels of UP/DOWN control and telemetry functio ns. The 7630s are used 
at the remote site only, and derive their powe,- from the 761O-R. ~: p to 
th ree and a half 76305 can be used wi th a 7610-R. 

The channel rel ay board on the 1 eft-hand side of Fi gure 6-
6-1 contains 10 relays . For the first 7630, these relays wo~ld be for 
channels 10 through 19; for the second 7630, chan'lels 30 through 39; 
etc. As in the 76l0-R , each relay has three pairs of contacts -- one 
pair for the telemetry analog input voltage, one pair for the UP 
control, an<..; one pair for the DOWN control. These contacts are 
connected to rear panel terminals as in the 7610-R. The second relay 
board in the 763C, shown on the right-hand side of the block diagram, is 
identical to the board just described, except it is for channels 20 
through 29 (in the first 7630), 40 through 49 (in the second 7630), etc. 
The relay boards also contain a calibration or scaling potentiometer for 
each chan nel ) as in the 76l0-R . 

Relay control comes from the 76l0-R tnrough Jl on the 
7630 rear pane:. For the :irst 7630, Jl is connected directly to J73 on 
the 76l0-R , ~or the second and other 76305, connection is daisy 
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chained via the lower-channel-group 7630 (s). Eight add ;- ?ss lines are 
bi-Ov0ht in th rough J l. Four of t hese, representing the least 
significant digi t on t he thumbwheel switches of the 76l0-C (or , i n the 
local mode , on t he t humbwheel swi tc hes of the 76l0-R) are connected 
directl y to the relay select boa rds to select O ; '~ of ten channels . 
Another t hree address 1 ines, r eprese nting t he most sig,tifica,lt digit of 
the th11mbwhee l swi tches , are connected to the rel ay group decode an d 
group ldentifie r switc hes on the Relay Select Logic Board to select one 
of eight group s of te n channels (only two groups are handled by i'lnyon:.: 
7630) . The first group of te n cha nnels i s reserved for the 76l0-K 
relays. The appropriate 7630 i den tifi er switches mu st be tur ned on at 
the time the 7630 is installed to iden ti fy wh i ch group of ten channels 
i s as s ig ned to eac h relay board. Al ong wi th t he t hree add ress lin es is 
an enilble line which di sables t he re l ay select c ircuitry durin~ power
up; it also deene rgize s t he r elays fo r a per i od of t ime duri ng 'hannel 
change, JO that the previous channel IS r elay contacts are f ully open 
before the ," ~xt channel ' s re lay i s se l ect ed. 

Whe n opti onal an alog sc an ner s are used, they plug in to 
~he relay boards and connect to both t he relay boards and rear pa nel 
connectors J3 and J 4 as shown on the bl ock diagram. 

Unregulated DC power is brought in from the 7610-R and 
regul ated to +5 volts for supplying all the 7630 TTL circuitry . 

4. 2 

4. 2. 1 

76 10-C Mother Board . (Figure 6-1-3 ) 

Transmi t Circuits . 

In put s f rom the fro nt panel UP / ON, DOWN/OFF, and CHANNEL 
SELEC T switche s en t er t hrough J 10 , and s imi l ar inputs f rom exter nal 
devic es via rea r panel EX TERNAL CONTR OL connector en ter through J 11 . 
Wh en the front panel EXT ER NAL CO NTROL swi tc h i s off , i t places a l og ic 
on pin 1 of mul t iplex ers U7 th ro ugh U9 t o cau se them to select t heir 8 
i nputs , and thus swi t ch t hroug h t he in puts f r om the 76 10-C fro nt panel 
swi tc hes . In the ON pos i ti on of t he EXTERNAL CO NTR OL switch, pin 1 of 
the multiplexers is co nnected t o ground through R21 t o select the A 
i nputs and t hus swi t ch t hrough t he ex t er na l i nputs. 

The data fr om the multiplexer s is paral lel loaded into 
sh i f t register s Ull, U1 2, and U13 . U1l t akes the DOWN bi t at pins 5 ~"C 
12, and t he UP bit at pin s 11 an d 6. The channel bits are loaded into 
both U12 and U13 fo r redundancy to improve reliability . A TELE FAIL bit 
from t he tel emetry fail ci rcu itry (described later ) i s also applied to 
U12 and U13. Si te select bi t s are al so loaded into Ull. When multiple 
site operat ion is desired, a special box wi th selector switches is 
connec t ed to J9 to provi de t he des i red site informa t io n. If there are 
no si t e sel ect in pu ts at J9 , bi t s C, D, E, and F of Ul 1 will be at logic 
1; in t his case j um per wires are used on t he 761O-R to provide logic 
one s so th at the re i s always a valid com pare . 

The t ransmi t in puts (T Xl t hrough TX8) of UAR T U1 7 comes 
f rom t he serial output s of shi ft reg isters U10 t hrough U1 3 and fr om 
si mi lar shi f t registers on the opti onal 761 5-C ( s ), when used. The THR L 
i np ut t o t he UAR T, whic h i s genera ted by U16. loads the outputs of t he 
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shift registers i n the UART at a 7Hz rate . Shi ft regi ster bit H i s t he 
f irs t to be loaded into the UART ( see t op r ow of Tab l e 4- 1). When t he 
transmitte r regi ster i s em pt y , t he TRE out put of the UAR T wil l del iver a 
pul se to t he THR L in pu t to lo ad the next outputs of t he shift regi st ers 
(sec ond li ne of Ta ble 4-1). However , at the end of the eig hth l oad ing , 
sh ift reg is t er U10 will pr oduce a log ic 1 out put from i t s A i nput , and 
this wil l se t f l ip-flop U15 and turn off gate U27 , prevent i ng an othe r 
loading . Whe n U16 clears U15 , UART l oading can aga i n start. Af t er eac h 
par all el l oad in g of the UART, the data is clock ed ou t by the transmit 
~lock at pin 40 of U17 and t he data i s del i vered ser ially fr om pin 25 to 
the FSK modem t hrough J4-10 . Tim ing of the t ransmit cycl e i s shown i n 
Fi gure 4-1 . 

Sinc e t he transmi t r ate for t he dat a from t he 7610-C t o 
the 76l0-R is 600 baud and the recei ve rate f r om the 76 l0-R t o t he 76 10-
C is 300 baud, t wo inde pendent clocks are requi red by t he UART. U5 is 
the clock gene r ator, and it ope rates at 9600H z. Oivi ser U6 provides a 
4800-Hz output at pi n 14, and a 600-Hz output at pin 11. The UART 
r"eceive clock at ~in 17 of U17 i s normall y con nected th r oug h a junIpe r 
from pad B to pad A (near U6 in Figu re 6-- 3) to the 9GUO-Hz output of 
U2'-'U. The UART transmit cloc ~ (pin 40 of U17) i s normally jumpel~d 
fr om pad 0 to pad F to the 4BOO-Hz output of U6. 

4.2. 2 Receive Circuits. 

Ser i al data from the 76l0-R enters the 7610-C Mother 
Board through pin 8 of J4 and is shifted into the UAR T through i ts RI 
terminal . Afte r loading, t he UAR T sets its DR l ine high . This feeds 
th rough U24-3, U27-B, and U3l-l2 to the shift clock inputs of sh i f t 
registers U23 , U25, and U26; it also provides a shift pu l se to t he 7615 -
C (when installed) through pi n 9 of JB . The data from RXl through RX8 
of ,the UART i s shifted into the shift registers as described i n Sect i on 
4. 1.1. 

After all the sh ift pulses are received, a sync pul se i s 
received from pin 5 of U17. The sync pulse i s ANDed with a pulse 
derived from t he DR pulse . U17 i s programmed for odd par ity by a ground 
on pin 39; if parity of the received data word i s even (parity error), 
pin 13 wil l go hi gh. Li kewi se, i f there is no valid stop bit , t he 
f raming error output (pin 14) will go high. If there is no parity error 
or fram ing error, U19 wi l l not be set, and the Q output of U19 wil l be 
high . ANDing thi s wi t h t he pulse from U24-8 produces a latch pul se, 
which is delivered through i nverter U28- 2 and i nverter-drivers U28-8 and 
U30-6 to the Dis play Board for latchi ng the received data into the 
display registers and optional externa l BCD OUT . The l atch pulse is 
also used for t he followin g purposes : 

a. It clock s the polar ity data bit i nto U19-5 for the 
dis play . 

b. It is se nt t hrough inverter- dr iver U28-l0 t o the 
optional 7615(s) to l atch the received data into reg i sters t here. 
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c. It is applied through emitter fo l lower Q2 to the 
base of switch Ql. C27 charges through R38, but as long as latch pulses 
are ~eceived regularly, Ql will prevent C27 froT ful'y charging. ~f, 
however, latch pulses are not received for a period of approximately 10 
seconds, C27 will charge to +5 volts and th us apply a logic 1 through 
U29-3 as a TElE FAl l signal. This signal is fed to the display for 
driving the TE LE FAI L l ED. The TELE FAIL output of U29-3 is also sent 
to shift registers U12 and U13 for incorporating into the data 
transmitted to the 76l0-R , and to TElE FAIL terTinal J12 on the rear 
panel of the 7610-[ 

d. It clocks the received UP and DOW N data from pins 13 
and 12 of shift register U23 into flip-flops U22-9 and U22-5 for driving 
the front pane l UP and DOWN verificatio n lamps through the open
collector drivers in U20. 

4.2.3 Commun ica t ion Link Switching. 

The switc hes i n DIP switc h assembly 51 are used for 
sel ec t i n9 the proper 51 gna1 paths for the communicati on I i n~~ used (see 
Figure 6-3 and Table 2-1) . U14 is an amplifier for the transm~:ted FS:( 
f~om the modem . Its gain is adjusted by R29 for an Jutput of 0 dBm into 
6UO-ohm transformer load . Tl is the TELCO transforrer, (,sed for botr 
up 1 ink t ran smi ss i on and down 1 i Ilk reception. 

D. 2.4 Power ~2~ 

The primary of power transformer T2 is no rmally wired for 
11S-volt opera t ion as shown i n Figure 6-1-3, but can be wired for 230 
volts on spec ia l order. FUll-wave recti fier CR2/CR4 with regulator U1 
and filter capacitors ell and C~2 supplies regulated +12 volts DC to the 
7610-C Mother Board and connecte d boards. Ful l -wave rectifier CR1/C~3 
with regulator U2 and f i l ter capacitors C13 and C14 suppl ies - 12 volts 
DC to the 7610-C Mother Board and connected boards. Full-wave rectifier 
CRS/CR6 s~pplies DC voltage to reg ulators U3 and U4. The +5~ output of 
U3 is used for 7610-C Mother Board circuits, and the +5V output of U4 
goes to the Dis pl ay Board. 

4.3 7610-C Display Board. (Fig ure 6-1-4) 

U1 through U6 are combined latches and BCD decoders.lhe 
latches serve a5 holding registers for tne received da t a from the 7610-C 
Mother Board, and the decoders drive ~he seven-segment displays OSl, 
D52, and DS4 through DS7. The latch pulse for the latches comes from 
the 7610-C Mother Board thro ugh pin 4 of J2. 

OSl and DS2 are t he CHA NNEL VE RIFICATION displays; OSl is 
the most significant di~it, and has a maximum count of 7. DS4 throug~ 
OS7 are the TEL EM ET RY DATA displays; r,54 is the most significant digit 
and has a r.laxim um co un t of 3. The segment. ettering for OSl is typical 
of al l the seven-segmen t di splays, and is explained in t he lower portion 
of t he diagram . 
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is the polarity di ay for the telemetry The 
rizontal segment (minus) is kept on continuou through pin B. When 

a logic 1 is received from 7610-C Mother Bo at pin 16 of Jl, 
corresponding to a plus s1gn, Q2 is turned on and so 11g the verti 
segment. 

Ql is the ver for FAIL D CR1. A logic 1 from 
761 Mother turns on the D. 

The 26-pin connector, J3, 1s connected to optional 
rear nel pin BCD OUTPUT Connector J19 when that option is selet 
This allows the use of an external monitoring device. The latch pulse 
at pin 13 of J3 ;s identical with latch pulse at pin 4 of J2, but 
comes from a sepa inverter-driver on the 10-C Mo Board. 

4 7610-R Mother Board. (Fi 6 

4.4. 1 C i feu i ts. 

communication option is selected, FSK 
control enters the 7610 Mother Board through 
pins 2 of Jll ( 1 Figure 6-2 ). It is fed through Tl and 
switch 6 of (which will be closed -- see Table 2-1) to pin 11 of J8. 
From here, the signal goes to the FSK Modem Board, where it is cony 
to a L-level signal (see tion 4.8) and returned through pin 8 of JB 
to the receiver in (RI) terminal of UART U2B (Sheet 2 Figure 6 -3). 
If an SeA communi on option is selected, the received signal at rear 

CONTROL IN connector J18 will be detected on the SeA Board (see 
4.9) and rou through ten 7 of 51 and pin 11 of J8 through 
Modem Board to RI terminal of UART. 

The UART processes the data as scribed in Section 
4.1.2. , U32, and U33 are shift isters r the out of 
UART. The UP/DOWN information in U33 s proce by U36, U64-4, 
U64-2 to ensure that both UP command bits or both DOWN command bits have 
been received, but not UP and DOWN commands simultaneously. If th UP 
bits are recei ,a logic 1 is ivered pin 6 of U39. If both DOWN 
bits are received, a logic 1 is delivered to n 11 of U39. 

If multi site operation is used, te identificatlon 
j rs are set for the binary code number that sents site at 
whi the 7610 is in lIed. If multi site opera on is used, the 
jumpers are connected to volts to give a 1111 code number to agree 
with that set in 7610 The ree ved site code from output pins 5 
through 11 on U33 are compared in U35 with the jumper 1n9S; if they 
compare, a logic 1 is delivered to pin 13 of U61. 

The contents of and U3l (channel select information) 
are compared in U34 and U37. If they compare, a 1 ic 1 is delivered by 
pin 3 of U37 ( t 3 of gure 6 ) to AND gate 1-10 to 
through sync pulse from RXB of UART at n 6 of U61. When the 
site compare is high (see n9 pa raph) , the sync pulse will be 
gated through 1-11, to be as the clocklatch pulse for register 
U38/U39. The inputs to U38 will be the x most gnificant bits of 
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channel select word . The output at U39- 2 wi l l be the least sig nificant 
bit of the channel se l ect word, the TELE FAIL bit at U39-5; the UP 
command bit at pin 7; and the DOWN comma nd bit at pin 10. When the RX8 
sync pulse is received, the channel select word is applied to 2-to- l 
multiplexers U40 and U4l. 

When LOCAL MODE pUs hb utto n S3 is depressed, +5V is 
applied to pin 1 of U40 and U4l to cause these multiplexers to select 
their B inDuts, which come f rom the 76l0-R front panel CHANNEL SelECT 
switches - When S3 is not depressed, t he multi plexers select thei~ A 
inputs, which are the channel select bits from register U38/U39. The 
selected mult i plexer outputs are applied through CMOS-to-TTl buffers U46 
and U47-ll to the 7-bit register consisting of U48 and USO-9 . U49, U52-
6, U45-1l, and U45 -6 const i tute a 7-bit digital comparator f or the 
pu r pose of detect i ng a change in chan nel selection . I f there is no 
compare (U45-6=high level), f lip-flop U50-5 wi ll become set by a 2400Hz 
clock signal from U45-8 . Wi th U50-5 set, U50-6 wi ll be low (logic 0) 
and so the Enable signal from U45-3 will be high . Th i s wil l cause the 
channel relay whic h had been selected to be deenergized . Al so when U50-
5 becomes set (hi gh out), the 4 bi t coullter U5 1 wi 11 be enabl ed to count 
up to l l~l (15 count) , At a count of 1111, U5l-l5 will provide a 
positive pulse which will clock t he i nputs of U48 and U50-9 into these 
registers . U45-6 should now provide a compare (lOW level) . U50-5 will 
be reset with the next positive edge 2400Hz clock signal and thus clear 
and disable counter U5l. The Enable signa l at U45-3 will ' lOW be -low to 
allo~1 the new relay to be se l ected . The ci rcuit ry just described 
provides app r ox imately 12 mil liseconds of re l ay deenergizing time before 
a new relay can be selected , either in t he 76 10-R or 7630 (s). 

The four bits of the l east s i gnificant digit of the 
channel number out of regi ster U48 are applied to decoder U55 to se;ect 
(logic 0) one of the 10 output lines corresponding to the selected 
channe l number. The selected output energizes a relay f or the selected 
channe l on t he Re _ay Board t hrough one of the open-collector drivers U56 
and U57 . The four U53 gates comprise a decoder which produces a 'ogic 0 
at pin 4 of U53 if the most sigrificant digit of the channel select 
number is O. This enables decoaer U55, so that one of ten relays on the 
76l0-R Relay Board can be selected. The outputs of register U48/U50 are 
also fed to 7630 (5), if used, vi a J3 for se1ec t ion of hig her channel 
numbers. 

The UP and DOW N bits at pi1S 7 and 10 of reg i ster U39 are 
applied to two open-col l ector drivers on U44. When not in l ocal mode , 
these dr--' vers are enabled, and select (low I,evel) UP relay coil Kl (i f 
the UP bit is high) or DOWN relay coil K2 (if the DOWN bit is high) . 
Whe n lOCAL MODE swi tch 53 i s de pressed, pins 2 ard 7 of U44 are grounded 
to disable the drivers. The relays are then operated by the 7610-R 
front panel UP/ON or DOWN/OFF switc hes Sl and S2. The relay contacts 
are connected to the Relay Board through J l to fur nish UP or DOWN 
con t act closures for the selected cha nne l . 

The TElE FAIL bit at pin 5 of U39 is applied to a driver 
on US8 to provide a ~'2V output at rear panel terminals when t here is a 
failure of th~ downlink telemetry. U5B al so drives a re l ay to provide 
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contact closure at rear panel terminals wh en t he 76l0-R is i n loc al 
mode . 

Wh en there is cha nnel compa r i s o n ~ t he end- of - word sync 
pulse at pi n 8 of U61 i s applied thro ugh am plifi ers Q10 and Q9. As l ong 
as pu l ses are recei ved, C42 wil l remai n dis charged and thus K4 wi ll 
remai n ene rgi zed. If t here i s a fai lure in channel compar ison or a 
f ailure to receive sync pulse s for l onger th an 20 t o 55 seconds (R58 
Ajustable ) K4 wil l deene rgi ze an d open it s cont acts , wh ich are connected 
to t he rear pane l CONTL FA ILSAFE t ermi nals . 

Basic 9600 Hz tim i ng f or the 76 10-R i s generated by U42. 
Its output is divided by cuunter U43 to give 4800 Hz , which i s connected 
by a jumper from pad F to pad 0 to supply t he UART receive clock . For 
cert ai n spec ial appl i cations, t he rece i ve clock can be jumpered t o t he 
9600 Hz output of U42 - 5. The UAR T's transmit (SEL) cloc k is normall y 
jumpered to t he 4800 Hz li ne, but i n specia l appl i cations it can be 
jumpered to the 600Hz output of U43 . 

4. 4. 2 Transmit Ci rcui t s . 

The selected telenetry analog vo l tage to be t ransmitted 
to the 7610-C ent ers the Mo t her Board at pins 1 and 14 of Jl or pins 2 
and 14 of j3 (for 7630) (Fi gure 6-2-3 , SI)eet 3) , and i s fed to t he input 
of U19 (Figure 6-2-3 , Sheet 2). U19 is the analog portion of an analog
to-digital conve r ter (ADC), the di gi t al po r tion of whic h is U12. 
Alt hough t he vol tage acr0SS the TE LE in puts is not mo re th an 4 volts DC , 
t he lines may be at a hi gh vol tage with respect to ground ; so the 
circuit ry associated with U19 operate s against flo at ing ground that i s 
not connect ed to chass i s or normal s i gnal ground, and the i nputs and 
outputs are made through optical i sol ators (U9, U10 , and Ull) . 

NOTE 

Float i ng Grou nd is i nd i cated by ~ rather than ~ . 

T~2re are two cont rol signals feeding U19, whi ch come 
fron U12 -- measurement cyc l e/zero cycl e (M/Z) and UP/DOWN (U/D) . Th e 
Ana18g to Digital Convert er goes t hrough a cyc l e in whic h it zeros 
itself out Then it goes into a meas ureme nt cyc le. U12 performs all 
the control . A 20,480 Hz clock from U13 is fed into Ul2. The UP/DOWN 
output of U12 controls a FET swit ch in U19 which switches between ground 
and a reference voltage set by Q5 and Q6 . The output from t he FET 
wit hin U1 9 is summed with the analog in put volt age and is applied to an 
integrat or wi thi n U19 . The output of t he integrator is compared to a 
sto red voltage from t he previo us zero cycles by a comparat or wi thin U19 . 
The output of the comparator (U19-5) is used by a t ime base counte r 
within U12 to accumulate a cou nt pr opo r t i onal to the input voltage. 

U15 through U18 constitute the output reglster fronl tne A
D converter . U15 stores the least s i gni f icant digit, and U18 the most 
significant digit U18 stores on ly two bit s of data plu s the sign 
(polarity) bit. After a measurement cycle, U12 wil l have accumu l ated a 
net count in internal latc he s. U12 then multipl exes the BC D informat i on 
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out one digi: at a time. The BCD data strobed into the four registers by 
outputs 01 through D4 of U12, in the following order: 01 ,03, D2, and D4. 
Data at the output of the registers stays the same unti l i nput data 
changes. The register outputs are supplied to shift regi sters J24 and 
U25, and are also fed to the 7610-R Dis play Board and will be displayed 
when the 7610-R is in local mode. 

The four registers, U1 S-U1B have tristate outputs. Wher 
an optional BCD Interface is plugged in, it wi'l furnish a disable signal 
at Qin 3 of J7 when channel 9 (or Channels 8 a~d 9, depending on the 
option instal~ed) is selected. The disable signal is applied to pins 1 
and 2 of U15-U1S registers to turn off their outputs, so that the display 
will show what is coming from the BCD Interface rather than from the 
registers. 

The M/Z output of U12, whose frequency is the clock 
frequency of 20,480 Hz divided by 6144 or 3. 33 Hz, is also fed through 
Ql, U2Z-4, and a jumper from A to 13 to clear f l ip-flop U29 and to load 
UART U28. B is jumpered to C for a special option. The pulse is also 
used to load the paral l el data froIT registers U15 through U18 into shift 
registers U2 4 and U25, and to load 76l5-R shift registers, when used. 
Shift register U26, wh i ch is also loaded by the resulting M/Z pulse, is 
used to convert the channel verification data from mult i plexers U40 and 
U41 and the UP/DOWN ver i fication data from U65-Z and U65-4 to serial 
data for the UART (Figure 6-2-3 , Sheet 2) (Channel l verification 
actual l y goes to U25). The three shift registers feed TX1, TX2, and IX3 
of the UART. TX4 t hrough TX7 are fed by the 7615-R (s), when used. ~27 
generates the sync pulse for TX8. Operation of the UAR T is described in 
Sections 4.1.1 and 4.1.2. Its serial output from pin 25 is routed 
through the closed second swi tch of switch assembly Sl (Figure 6-2-3, 
Sheet 1) to the FSK Modem Board. 

1.4.3 Communication Link Swi tching . 

The switches i n DIP switch assembly 51 are set in 
accordance wi th Tabl e 2- 1 . U8 is the output ampl i fier for the iTLCO 1 ink 
or for the input to an opt; ona 1 SeA Generator. Tl is the TELCO 1 i ne 
transformer, for both transmitting and receiving. 

4. L1 .4 Power Supply. 

The primary of power transfo~er T2 is normally wired for 
115 volt operation as shown in Figure 6-2-3, Sheet 1, but can be wired 
for 230 volts on special order . Full-wave rectifiers with regulators 
provide al l the outputs, except that one 12 volt out~ut (+12VX, for the 
relays) and a +9V output (to J3 pin 4, for the optional 7630) are 
unregulated. The floating outputs (+5VF, +12VF, and -12VF) are for the 
floating A-D circuitry shown on Sheet 2 of Figure 6-2-3. 

4.5 76l0-R Display Board. (Figure 6-2-4) 

DS2 through DS 5 are the 7-segment displays. They are 
driven by BCD data fro~ the 7610-R Mother Board via decoders Ul th rough 
U4. The decoders are enabled by a +5V level at pin 9 of J2 when the 
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7610-R front panel LOCAL MODE switch is depressed. OSl is the pol arity 
display. Its horizontal segment (minus sign) is always on. When a 
logic 1 is received at pin 10 of J2, Ql turns on the vertical segment to 
produce a plus sign. 

4.6 7610-R Relay and Barrier Strip Boards. (Figure 6-2-5) 

The Relay Board contains the ten relays for the ten 
channels to be selected. All relay coils are supplied with +12 volts) 
and the selected coil is effectively grounded in the 7610-R Mother 
Board. Each relay has three pairs of contacts -- one for UP/ON control, 
one for DOWN/OFF control) and one for telemetry analog voltage input. 
Rl through RlO are the analog voltage calibration potentiometers. 

The Barrier Strip Board plugs into the Relay Board and 
furnishes the rear panel terminals for output control contact closures 
and input telemetry analog voltages. 

4.7 7610-CFSK Modem. (Figure 6-1-5) 

In t he generator port i on of the modem, Ul is an 
oscillator whose frequency is determined by Cl, C2, R2 and R3. When a 
logic 1 is received from the UART on the 7610-C Mother Board through pin 
10 of Jl, 01 switches C1 in parallel with C2. With Ql on, R3 is 
adjusted for an oscillation frequency of 2400 Hz. When a logic 0 is 
received, Cl is removed from the circuit, and the frequency is then 2900 
Hz. U2-1, U2-7, and U9 are Low-pass active filters for the FSK output 
to the 7610-C Mother Board, where it is routed to the communication 
uplink (see Figure 6-3). 

In the detector portion of the modem, U3 through U6 
provide band-pass filtering with a combined pass band of 1175 to 1525 
Hz. The gain from pin 11 of Jl to pin 1 of amplifier U7 is 
approximately 31 dB. CRI through CR4 are limiters. U8 converts the FSK 
signal to a TTL-signal, which is delivered to the UART on the 7610-C 
Mother Board through pin 8 of Jl. CR5 is a received-level detector, 
whose output is available at the REC LEVEL test points on the 7610-C 
rear panel. A voltage in the range of 1.5 to 10 volts nominally 
indicates a satisfactory received signal. R54 is used to tune the FSK 
detector for proper frequency response. 

4.8 7610-R FSK Modem. (Figure 6-2-7) 

Thi s modem is basically the same as the 7610-C modem 
(Section 4.7), but the frequencies are different. In the generator 
portion, the low FSK frequency is 1200 Hz and the high FSK frequency is 
1500 Hz. The two U2 operational amplifiers with associated circuitry 
comprise a low-pass active filter, and U9 with its circuitry is a high
pass filter. 

In the detector portion, the combined pass band of band
pass active filter U3 through U6 is 2400 to 2900 Hz. The gain from pin 
11 of Jl to pin 1 of U7 is approximately 31 dB. 
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4,9 (Figure 6-1-6) 

s board is used th th the 7610-C and 7610-R. All 
frequencies
customer's 
Figure 6-1 

ining components are tory ected for the 
frequencies in accordance with table at the bottom 

upper portion of the schematic is the SCA tor. 
The SCA 1 at 
demodulator. Ul. 
The FSK output 
hi gh- frequency 
the FSK Modem 

n 12 of Jl is a high-pass filter to 
adjusts the center of the demodulator. 
is fed through low-pass lter U2 to remove any 

nents of the SeA signal, and through amplifier 
n 11 of J 1. 

FSK input at pin 8 of Jl is applied to the 
generator, U4, through Rl. which sets amount of frequency deviatlon 
(normally +6k ). The FSK-modulated FM t a ular wave signa1 from U4 
is fed through low-pass harmonic filter U5 and amplifier U6 to the 
Mother ard, where it is routed to the rear panel CONTROL OUT connector 
( 7610 ) or LEMETRY OUT connec tor ( 10 ) . Po ten ti orneter R2 allows 
adjus nt of the output between 0 and 800 mv rms. 

4.10 Board. (Fi 6-2-6) 

led at the remote site when it is 
to in e data on 9 or s 8 9 

in place digital-converted v s normally 
on those channels. The BCD in come from BCD CH8 (J15) C 
(J16) connectors on the 76l0-R rear , and are applied to trista 
drivers through U7 and U9. When an 9 is selected, a logic 1 
from the relay select logic on the 7610-R Mother Board is applied 
through Jl pin 2 and inverter U8-10 to the enable inputs of drivers 
through ,and thus deliver their de v outputs to J2. When 
Channel 8 jumper is installed on the BCD Interface Board, a Channel 8 
select input from the 76l0-R relay ect logic will similarly enable 
U6, U7, and U9 to deliver their activ outputs to JZ. The 

4.11 

J2 are routed to shift isters U24 and U25 on 
for loading into the UART and transmission to 
ts will also be displ on the 7610-R Telemetry 
in Local Mode. 

When either Channel 8 or 9 is selected, NOR 
inverter U8-4 on the BCD In Board deliver a di 

analog-to-dfgital converter output register U15 h 
the lO-R Mother Board, so the inputs from the BCD 

Board rather than the ADC are sent to the 1 by 

76l5-C Direct Con (Figures 6-4-3 and 6-4-4) 

On/off inputs are received from the front panel CONTROL 
from the rear panel CONTROL terminals. A switch that is on. 
line; otherwise the line is maintained at +5 vol through 

l-up resistors (R31 th ). CapaCitors C41 throuoh 
are noise lters. inputs are inverted in U15, U16 U17, 

and a i as parallel inouts to shi reQisters 8 9. 1 
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pulse and shift pulse are generated by the 7610-C. The data is shifted 
out serially from pin 9 of U18 and U19 through inverters Ul-2 and Ul-8 
and switches SlD and SlC to the 7610-C UART for transmission to the 
remote site. In the first 7610-C installed, SlD and SlC will be set to 
POS 1, which will send the serial data out over the 011 and 012 lines to 
the 7610-C. In the second 7615-C, the switches will be in the POS 2. 

When status data is received from the remote site by the 
7610-C, eight bits of it is delivered to the 7615-C over the 001 line 
and eight bits over the D02 line, if it is the first 7615-C; or over the 
003 and 004 lines if it ;s the second . The eight bits on DOlor 003 are 
shifted into U5; and then that 8-bit word is shifted into U3 while the 
next word is shifted into U5. Likewise, data from D02 or D04 is shifted 
into U6 and U9. U7 compares four of the bits stored in U5 with four 
corresponding bits in U3. At the same time, U8 compares the four other 
bits in US with corresponding bits in U3. If U7 and U8 gets a compare, 
it produces a carry output at U8-3 which is delivered to U10-6. U10 and 
Ull compare the bits in U6 and U9. If all four comparators (U7, UB, 
U10, Ull) get valid compares, Ull delivers a logic 1 to pin 5 of U4. 
Then when a latch pulse is received from the 7610-C through pin 7 of Jl, 
the data from U3 and U9 will be clocked into the holding register 
consisting of U12, U13, and U14. 

Two latch pulses were required to shift the data into US 
and then into U3, so that there will be two latch pulses out of U4 pin 
6. So if data does not change, there is a latch pulse every eight bits; 
but if data changes, there is a latch pulse from U4-6 every 16 bits. 
The outputs of the holding register are applied to drivers Ql through 
Q15, which drive front panel STATUS LEOs CRl through CR15 (see Figure 6-
4-4). The driver outputs at J7 and JB of the 7615-C Mother Board also 
connect to the STATUS terminals on the 7615-C rear panel. 

U4-8 and associated circuitry apply a logic 0 to the CLR 
inputs of the registers to clear them when power ;s first applied. 

The power supply for the 7615-C (Figure 6-4-5) consists 
of a full-wave rectifier and an IC regulator to supply +5 volts to the 
Mother Board and front panel board. 

4.12 7615-R Direct Control. (Figure 6-5-2 and 6-5-3) 

The control data received from the 7615-C via the 7610-R 
is fed through rear panel connector Jl and enters the Mother Board at 
Jl. It;s processed in the same way as the received status data in the 
7615-C (see Section 4.11). Switch 51 must be set to POS 1 or POS 2, 
depending on whether the 7615-R is the first or second installed. When 
the 7615-R is not in local mode, each logic 1 bit at the output of 
holding registers U12, U13 and U14 will energize its relay (Kl through 
K1S) through its driver (Ql through Q15). The relay contacts are 
connected to the rear panel CONTROL terminals for operation of external 
devices. A switch closure on the front panel of the 7615-C results in a 
relay contact closure at the 7615-R rear CONTROL terminals. 

If, however, the 7615-R front panel LOCAL CONTROL/REMOTE 
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conROL switch S16 (see Figure 6-5-4) is in the LOCAL COi,ITROL position, 
pins 5 and 6 of J12 on ~he Mother Board ~111 be connected together 
placing the cathode of CR4 at -0.7 volts. This voltage disables Ql 
through Q15, so that the outputs of U12, ~13, anu U14 are not effective · 
In the local mode, switch 516 places a ground on the common bus of front 
panel CONTROL switches 51 through S15, so that they can energize relays 
:(1 through K15. 516 also delivers a contact closure to the rear panel 
LOCAL WARN terminals for operation of an external device. 

The status inputs, which may be contact closures or Tll 
zeros for the active state, are brought in from the rear panel 51ATU5 
tei"'rl1inal s through J3 and J4 of the 761S-R Mother Board. fhey are 
processed in the same way as were the CON~ROL inputs to the 7615-C (see 
Section 4.11). Load anc shift pulses for the shift registers U18 and 
U19 come from the 76l0-R, and the shift register outputs are delivered 
to the 7610-R UA RT on the 011 and D12 or 013 and 014 lines) depending on 
the posi ti on of swi tch 51 _ 

The status bits out of i nverters U1S, U16, and U17 are 
olso sent to the 7615-R front panel STATUS LEOs CRl through CR15 (see 
Figure 6-5-4). 

Tr.e Power Supply Board (Figure 6-4-5) furnishes reg~lated 
-12 volts for the local disab'e signal, unregulated +9 volts for the 
relays, and regulated +5 volts for the other circuits . 

4.13 7630 r,han nel Expansion. (Figures 6-2-5 and 6-6-3) 

The 7630 contains a Relay Select Logic Board (rigure 6-6-
3) and two Relay Boards identical to the one in the 76l0-R (Figure 6-2-
5) Relay control con2S through Jl on the 7630 rear panel, which is 
connected to the 7610-R or the next lower 7630. The signals and power 
on Jl are brought into the Relay Select Logic Board through J4. The 
enable line at p'n 16 of J4 ~isables the relay select circuitry during 
nower-un and during channel change. E,F, and G represent the M5D in the 
channel number. T ley are applied to U8, which decodes them into 1 of 7 
out~Jts (Channel 10-79). One switch on switch assembly Sl and one on S2 
are closed when the 7630 is installed to identify each lO-channel relay 
board. When there is an output fro~ u8 on a line that is switched 
through 51, US will be enabled Likewise, U6 will be enabled by an 
output from U8 corresponding to one of the closed switches on S2. 

A, B, C, and r; represent the LSD in the channel nu:rber 
They are applied to ~5 and U6. When one of these decoders is enabled, 
it decodes the 4-b; t input into 1 of 10 outputs to sel ect 1 of 10 rel ays 
on the Relay Board associated with that decoder US drives Relay Board 
2, which is the right-hand board in the 7630; and U6 drives Relay Board 
1, the 1 eft- hand board. 

The TE~E + andl~L~ - analog input from the Relay Boards 
at J1 and J2 and the Relay Select Logic Board, as well as the UP and 
QOWN output to the Relay Boards, are connected to the 76l0-R via J4 
where they are bussed with the inputs and outputs of the Relay Board in 
the 7610-R and possibly other 76305. 
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Power from the 76l0-R at 9 vol unregulated is regulated 
by U7 for the volts on the Relay Select L091c Board. +12v 
unrequlated, required by relay coils is also supplied by the 7610 

The ay Boards are described in Section 4.6. 
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SEC TION 5 

MAI NTE NANCE 

WARNI NG 

Hi gh vol tages may be present when the 7610-R and/or 7630 
(s) are connected to t ran smitter me t er ing circuits. Oi sconnect the unit 
f rom t he t ra nsmitter and use extreme caution when servicing . 

5. 1 Ge neral . 

Si nc e the Models 7610 , 751j and 7630 use solid- stat e 
circuitl'Y an d their powe r requirements are l ow, no maintenance problems 
due to hi gh temperature shoul d be encountered, provi ded the units are 
i nstalled we ll away f rom vac uum-tube and other heat- gen era t ing 
equipment . Likewi se, because t he operating voltages are low, excessive 
du st accum ul ation associ ated wi t h high- voltage devices sho uld not occur . 

All i ntegrated ci rcui t s and most ot he r com ponen ts are 
accessible by r em ovi ng t he top cover of t he 7610 , 761 5, or 7630. The 
7610-C and 761 0-R uni ts have rem ovable bottom covers so t hat the re is 
acc ess to the bo ttom of t he Mo the r Bo ard. If it become s necessary to 
gai n access t o t he bottom of t he Mothe r Board of the 7630 or 7615 for 
solderi ng or other purposes , disconnect all cables t o the board, remove 
the screws holding the board to the standoffs, and remove the board. 

Table 5-1 lists pin assig nments fo r t he 25- pin , 26-pi n, 
and 15- pin connec t ors . When a cabl e runs between a 26-pin connector and 
a 25- pin co nn ecto r , pin-26 i s unused. Whe n a cable runs between a 16-pi~ 
co nnector an d a 15-pin connec t or, pin-16 is un used. The pi n layout is 
shown below. A strip on the flat cable identifies pi n- l . 

I I Q .I IOr 
• • o • 
., a 

• 0 ., .. 
II D 
II 0 
OJ .. 
I) 0 

• • 
• e 13 10 "I ~,",. 

26 -P ln Connector 
Head-On to Mother 
Boa rd 

..';.~ . 
15 

l 5-P ln D Con nector 
Head-On to Rea r 
Pa nel 

5- , 

_ 14 .. , 
.0 
• • • • • • • • 
C O 
., 0 

•• · ., 
13 '0 ° 12.5 

25-Pin 0 Connecto r 
Head-On to Rea r 
Pane 1 



7610- C to 7615-C External Control BCD Out 

J8 on 7610-C MB Jll on 7610-C MB J3 on 7610-C DB 
J1B on 7610-C RP J17 on 7610-C RP J19 on 7610- C RP 

--t 
x- Jl and J2 on 
c:> 
• 7615-C RP 
m Jl on 7615-C M8 
(J"I , Pin 

I 

~ 1 003 CH40 CH 10 
2: 2 004 CH20 CH20 
~ 
VI 3 GNO CH10 CH40 
VI 4 LOAD CH8 POL 
'" :z 5 GND CH4 1 
3 
rn 
:z 
-I 6 SHIFT IN CH2 2 
V> 7 LATCH CHI 4 

" 0 8 GNO NC 8 
::0 9 SH [FT OUT UP 10 
"" (J"I 10 GND NC 20 ...... 

(J"I N , (7\ 

N , 11 OIl DOWN 40 
~ 12 OI2 MC GNO 
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:P 
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Site Select 7610-R to 7615-R 7610-R to 7630 

J9 on 7610-C MB J2 on 7610-R MB J3 on 7610-R MB 
J16 on 7610- C RP J2 1 on 7610-R RP J23 on 7610-R RP 

J l and J2 on J l and J2 on 
7615-R RP 7630 RP 

Jl on 7615-R MB J3 and J4 on 
7630 RSLB 

Bit 2 003 GND 
GND 004 TELE -
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I 
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5.2 Periodic Maintenance. 

The only periodic maintenance required is cleaning. Once 
a year. or more often in dusty locations, blow off the dust from printed
circuit boards with compressed air. 

5.3 

5.3.1 

7610-C Calibration Procedures. (If Required) 

UART Clock Frequency. 

The UART clock frequency can be checked by connecting a 
frequency counter to pin 17 of U17 on the 7610-C Mother Board. The 
frequency should be 9600 Hz +lOOHz. If it is not, adjust R2. 

5.3.2 TELCO Output Level. 

The FSK generator output level from the 7610-C TELCO 
terminals on the rear panel should be 0 dBm (2.2 volts p-p) when 
terminated with either a 600-ohm load or the phone line. If there is 
minimal attenuation over the phone line between the 7610-C and 7610-R, 
measurement of output level should be made with the 76l0-R end output 
disabled. Disabling may be accomplished by removing the phone line at 
one end and connecting a 600-ohm resistor across the output to be 
adjusted. 

If it is not desirable to disconnect the phone line in 
order to disable the output from the 76l0-R Mother Board, an alternate 
method of disabling is to remove the 76l0-R FSK Modem Board. 

The TELCO output level can be adjusted by means of R29 on 
the 7610-C Mother Board. 

5.4 

5.4. 1 

7610-R Calibration Procedures. (If Required) 

UART Clock Frequency. 

The UART clock frequency can be checked by connecting a 
frequency counter to pin 2 of U43 on the 7610-R Mother Board. The 
frequency should be 9600 Hz +lOOHz. If it is not, adjust R47. 

5.4.2 ADC Clock Frequency. 

The ADC clock frequency can be checked by connecting a 
frequency counter to pin 3 of U13 on the 7610-R Mother Board. The 
frequency should be 20,480 Hz + 150 Hz. If it is not, adjust R32. 

5.4.3 ADC (Analog to Digital Converter) Full-Scale Reading. 

a. Connect a voltage of not more than 3 volts de to an 
unused pair of terminals on the TELE barrier strip at the 7610-R or 7630 
rear panel. 

b. Connect an accurate voltmeter across the same pair 
of terminals. 
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c. 0'1 the 7610-R or 7630 front panel, turn fl~' 1y 
clockwise the calibration potentiometer for the c~ar'1el being used for 
the measured input. 

d. With the 7610-R 11 local mode, observe the TELE~ETRY 
DATA display. It should agree witr the voltmeter reading, +3 count 
(3mv) . If it does not, adjust R21 on the 7610-R Mother Board. 

5.4 . 4 Control Failsafe Delay. 

To check the operation of the control failsafe circuit, 
remove any connection to the FAILSAFE CONTL terminals on the rear panel 
and connect ar ohm meter across tre two terminals . A short should be 
indicated. Then disconnect the telephone l ine at the rear panE ~ TELCO 
terminals . The onmmeter should indicate an open circuit after a delay of 
10 to 55 seconds. T~e time delay can be adjusted within the range of 
approximately 10 to 55 seconds as desired by means of R58 on the 7610-R 
Mother Board. 

5.4 . 5 TELCO Output Level . 

The FSK generator output level from the 7610·R TELCO 
terminals on thE rear panE~ should be 0 dBm (2.2 volts p-p) when 
terril i nated wi H ei ttJer a 600-ohm load or the phone 1 i ne. Ie there is 
minima; attenuation over the phone line. between the 7610-R and 7610-C, 
measurement of output -evel should be made with the 7610-C end output 
disabled. 'Jisabling may be accomplished by removing the phone line at 
one end and connecting a 600-ohm resistor across the output to be 
adjusted 

If it is not desirable to disconnect the phone line in 
order to disable the output from the 7GlO-C Mother Board, an alternate 
method of disabling ; s to remove the 7610-C FSK Modem Board. 

The TELCO output level can be adjusted by means of R4 on 
the 7610-R . 

5. 5 FSK Modems. 

5 . 5 . 1 7610-C FSK Modems . 

5 5. 1 FSK Generator Frequency . 

If FSK generator Ul on the FSK Modem is replaced or does 
not appear to be operating correc~ly, conreet a frequency counter to pin 
5 of U1 on the ~SK Modem Board. On the 7610-C Mother Board turn Sl-6 to 
the OFF position. The frequency at Ul pin 5 should be 2900 Hz +6Hz 

With Sl-6 sti l l open, connect a clip l ead from Modem 
Board pin 10 to +5vdc o~ the 7610-C Mother Board. The frequency at Ul 
pin 5 on the FSK Modem shou l d now be 2400 Hz +20 Hz . Remote the c"ip 
lead and return 51-6 to tne ON position .. 
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5.5 . 1.2 FSK Detector . 

If FSK detector US on the FSK Modem is replaced or does 
not appear to be operating correctly proceed as follows With the 7610-
C and 7610-R operating togeth2r, connect an oscilloscope to pi~ 10 of U8 
and adjust the oscil'oscope verticc' sensitivity to 1 or 2 volts per 
centinleter. Note the DC level at pin 10; it should be approximately 
+5VDC ~love the osc ill oscope probe to pi n 8 of US alld observe th ~ 
switching signal . The exCU(Si01S of the switching si~nal s~ould be the 
same above and below the DC level observed at pin 10. 

5.5.1 .3 FSK Band-Pass Filters. 

These filters (U3 through U6 and associated components on 
the FSK Modeln) have adjustments for center frequency and Q. However 
they should not be adjusted in the fi el d. If adjustme~t appear~ to be 
necessary, consult the factury. 

5.5.2 76l0-R FSK Modem. 

~, s. 2. 1 FSK Generator Frequency. 

If FSK generator Ulan tl:e FSK Modem is repl aced or does 
not appear to be operating correctly, connect a frequency counter to pin 
5 of Ulan tre FSK Modem Boa~d. On the 7610-R Mother Board turn Sl-2 to 
the OFF position. The frequency at Ul pin 5 shou l d be 1500 Hz ! 15 Hz. 

With 51-2 still open , connect a cl i p lead f rom Modem 
Board pin 10 to +5VDC on the 7610-R Mother Board . The frequency at Ul 
pin 5 on the FSK Modem should now be 1200 Hz +30 Hz . Remote the clip 
lead return 51-2 to the ON position. 

5.5.2.2 FSK Detector . 

The procedure is the same as described in Section 5.5.1 . 2 
for the 7610-C FSK detector . 

5. 5.2.3 FSK Band-Pass Filters . 

As in the 7610-C, these filters are factory-adjusted and 
should not be adjusted in tr.e field. If adjustment appo3rs to be 
necessary, consult the factory. 

5.6 SCA Generator and Detector . 

5 6. ~ seA Deviation (7610-C/76l0-R) . 

The FM deviation is set by Rl on the SeA Generator and 
Detector Board . This is a factory adjustment, and should not be 
readjusted in tile field unless appropriate FM deviation-measuriny 
equipment is available . Specified deviation is normally +6 kHz. 
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5.6.2 76l0-C_SCA Detector Frequency. 

This frequency is adjusted with the SeA 
Generator/Detector Board operating in the system. Proceed as follows: 

a. Open DIP switch Sl-2 on the 7610-C Mother Board. 

b. Ground pin 12 of the SCA Generator and Detector 
Board to a nearby ground. 

c. Connect a frequency counter to pin 4 of Ul on the 
SeA Generator and Detector Board, and adjust R3 for the specified center 
frequency. 

d. Remove the ground and close DIP switch S1-2. 

5.6.3 7610-C seA Generator Freguency and Output Level. 

To adjust the frequency and output level with the SCA 
Generator/Detector Board operating in the system, proceed as follows: 

a. Remove U14 on the 7610-C Mother Board. 

b. Ground pin 8 of the SCA Generator and Detector Board 
to a nearby ground. 

c. Connect a frequency counter to pin 4 of U4, and 
adjust R4 for the specified center frequency. 

d. Adjust output level potentiometer R2 to meet the 
requirements of the external equipment, as measured at pin 9 of the SeA 
Generator and Detector Board or at rear panel SUBCARRIER CONTROL OUT BNC 
connector. 

e. Remove ground and reinstall Ul4. 

5.6.4 7610-R SCA Detector Freguency . 

This frequency is adjusted with the SeA 
Generator/Detector Board operating in the system. Proceed as follows: 

a. Remove the BNC cable connected to 76l0-R rear panel 
J18. 

b. Ground pin 12 of the SCA Generator and Detector 
Board to a nearby ground. 

c. Connect a frequency counter to pin 4 of Ul on the 
SCA Generator and Detector Board, and adjust R3 for the specified center 
frequency. 

d. Remove the ground and reconnect the BNC cable to 
76l0-R rear panel J18. 
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5.6.5 7610-R seA Generator Frequency and Output Level. 

To adjust the frequency and output level with the SCA 
Generator/Detector Board operating in the system, proceed as follows: 

a. Open DIP switch 51-5 on the 7610-R Mother Board. 

b. Ground pin 8 of the SCA Generator and Detector Board 
to a nearby ground. 

c. Connect a frequency counter to pin 4 of U4, and 
adjust R4 for the specified center frequency. 

d. Adjust output level potentiometer R2 to meet the 
requirements of the external equipment, as measured at pin 9 of the SeA 
Generator and Detector Board or at rear panel SUBCARRiER TELEMETRY OUT 
BNC connector. 

5. 7 

e. Remove ground and close DIP switch 51-5. 

7610 C/R. 7615 C/R and 7630 Troubleshooting Guide~ 

WARNING: 

There may be high voltage differences between voltages 
applied to the 7610-R rear barrier strip assembly and 
signals within the 76l0-R itself. Care also must be 
taken in troubleshooting the system in its normal 
configuration because certain external control or 
monitoring functions may be activated or interrupted. 

Before starting troubleshooting procedures, visually 
inspect the suspected unit, making sure all connectors and integrated 
circuits are securely in their sOCKets. 

The following guide assumes that the 7610-C and 7610-R 
are connected together as a pair on the bench along with any optional 
7615 C/R and 7630 units that are suspected of failure. This guide 
assumes that there are no external control or status connections made to 
the rear panels. Discretion should be used as to whether connections 
should be removed from all pieces of equipment or to troubleshoot the 
equipment in place as installed. It certainly is desirable to isolate 
the problem to a general area before removal from the installation for 
further checkout on the bench. (For instance it would not be necessary 
to remove the 7630 if the problem is in the 7610-R. The problem in the 
7610-R, for example, may be simple enough to repair in place). 

7610-C - 76l0-R Interconnect Procedure. 

The equipment to be analyzed for trouble should be 
interconnected as shown on Page 5-8. 
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For Tel Wlreline (TELCO) Operation: 

a) Connect a twisted re pair between the TELCO 
terminals on the Model 7610-C rear panel termlnal 

TELCO 
7610-C 

strip J12 and the leo nals Model lO-R rear 
panel terminal strip J17. If the ephone 
interface is que onable connect a 30 db/600 ohm 
attenuator between the 7610-C and 7610-R as follows; 

620 620 TELCO 
7610-R 

For microwave Uplink ( 
Downlink (SCA) operation: 

J operation a~d FM Radio 

a) Interconnect the Control Out connector J13 on the 
Model 7610-C to the Model 76l0-R Control In 
connector J18. 

b) Interconnect the 
Model 7610-C to the 
the Model 7610-R. 

emetry In connector J14 on the 
lernetry Out connector J19 on 

Communication link requires a SCA generator (modulator) and a 
corresponding SeA detector (demodulator) either included in 
the 10 or external to the 10 
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[}own pl.n:nbutttlfl swr tei'll:!=:' ~t 

76 101\. Thl} c.or ( e~PQn<j I n l) 
Ch'l:ek the fo 11 ~1 ni:) \IH oe i Ci r~d c.1 rl:lI I Lry; 

76 10 R indicOttor s h llli 11 9h t .11"1 <l 

(htl 1)1' li li(l DfJ400'n r ~ hy on 7fllOf!. 
HQthe.r Soa rd ~i'l~1 1 ene r g l.I\.!., 
Tha Up and (lO'Wn rl:l ;» ), c.ontl!!l;t 
elo:iuP""e s.hould ba ver i f I~~ .,d tn 
an ol"llTlT".atcr i!lt' !r~ss ~ he' 
(,Of"r c s pot'ldln51 A-B termin31s of 
t he Qu J.ck () 1 ~eonnuC:': tefl'llnJ I 
st l l p .) t the re~1" of 76101{ at 
~ he tlC r ., ln.a h COl rc s-polid ing to 
t hl! eh-l!n.niC l 'i- cleo::ted (chec 
FDIII~ ci'lann(lQ. 

6A~ 

Chef:K. 70 I OF!, c..11(:u I tl 'I LI:SSCC i a ll:!tI 
wI th che Up-OQWn tJ u<ihbu t ton 
Hoi r tl;i'lCl <=Ind thl:. Up-[)<::lWn re lays. 
t<1 and K2 on tile. 761 OR f'lo~ hv r 
6o .. 7(d, I f OK, Ci'lock ~ ,e: 
.:!pp(O~Hlate. relJ y on :·I~' 7()·OR 
nel Ci)" &oa:rd, 

'Soloct d..,.s lrt:<1 .;t"i\l i1 1"lC I , ()O-~ 

.""It the. 7fllOR, .... i th no I""i f"es. or 

1. 7f:J lOR tl.o the r B0."3 r d Vf\oQ,T U2.1L 
2. 7t>lO R HadE.&! fSP<.. Genf!i"~,tor, 
"1, Th~ C"J tllu l 1 nta tim phonc 

I i n£: if use-d ~hall ~ Q~t II, 

l.j, I f SeA 1' til C! ri!llOr 1-" U5C1d I chl!ck 
C-.Jt P'..lt. 

" Oe--.-n I i n!.:; : ( Te lco or SeA), TI:: leo 
line lo s s s.he 1 I not !!x,"eed JOdb, 

b, 7610<: i i r SCA dt' .. .c::lulalO.- Is 
l..' s E!1:i, cl"\e.d: FSK out~ut, 

7, j:tt!cclv~ 1evo1 at culrut af 761{iC 
rear 0<'1 ne. 1 s. rllOu l <I De -#1, 5~ I 

~y=:. t~lfI r '":J"{ 0llcrattl mug i nilll y, 
S, Ch~I;'It 'e.-I.:! 1 logic d.)!:' frOnI 

7610C r5):; Ho:.1~m d etec lor Jxt,.;:j ra 
9, 761 [}C Moth~r ROM d UAr\T U17, 1 ~o P,ob lem Ho'. 

ei'll':c.\: Ch~nl"ll~ 1 6~ to '().,(lI!.,j III 76 10Ft. 
=:.h; f l '-I:.,! I ~ Cerl and ~ar I a 11 y . c3dod 
Iflto 7fll0n IJART U2B, Rt:~vr~flC:\; f)"lLl 
Format T~bl E! ~-2. I fOr., cl"leck da ta 
~ I:'r 1.:3 11y rl;('t.lv~ ~t 7&10( ,l'Ii ft 
reg I nErs hDITI 7610{ UART U17. Da ta 
FrClll 7fllOC =:.hl ft r~~11 =:.t~r=:. Il l<1lc."I:.:J 
In[o I atch-decool!f" IC 15 OIl 761[}C 

d I ~ pl Liy O:Iol'!I(d, 

va 1 C<I,?a eDnn~-C ted, for ti'li! [ I SAO 
<.I\,jnned I tQ Tela +, - 7610f!. 1-------------, 
rE!ar bar.-i!::.r tl:.rillll"Wll ~t .-Ip. t.he 
7&lCJJ, tl.;ll:-ll"wetf)' D;lt ;:) s ho ll d l <;.plijY 
"'~OOO" i.!OOO 2) , 

O~ 

1 
Ctmnf!ct~ V(!r I fi~bla ijCcu.-~te 

(1(; YO I tagt!. tCi tJ-ie SCl m~ 761 (lP" rei!! r 
Te.le ~ t~m.Jll<Ill as abo ... e, (\p.olll...·-j 
yO ll;'QI:! sl"la 11 be I eH tl'l<:!n 3vdc.. 
\.n tt) \tl\: c.orra:SpOnd i ng 7() lOR f I""()n l 
p-an~l sclillmll pot H t , ull C\.I, the 
7610P. l~lt::olICitry [}a ta s"..Jl1 d[)'play 
ill ... a111e e.QUn I to ~ i'I \]t i!lppl rad te 
wttt'lln':'J LO\lnt:~, (r ~ . ~r:w) 

OK 

::all ,~[:':T flA G£: 

BA~ 

C hock I:: I r~U 111'y ,-,; 5~ i a l!:d w; (1'1 ll'iu I 
TolaR A-O c.-oll ... ar~~r (L0110/lD111) J 

I 

I 
Chet:1c: the c Il"cU' I t P""y ~ ~ ~()C I (ittHI 
).011 th ~he 7G· JR A-D (..()nV"!:-rlor 

(LV 110/L[) II), Verify t,:.t 
the ao~l ie.o de va'n5l~ fs; 
gett 1 ng ll'\ru t he 7610A rt::.l ay 
tJ~rd, Further c.hnk thCll 
d 191 C-<.. dati!! i s 9~ttll"1y 
mu·ti:JI~)(ed fr01l the lO ll O 
to the 7fll O~ trl - stiJ t f!. ho ld r fl~ 
re<Jr;;~er eons l st i ilQ: of U15 , 
UI7, UIB. I~ th l~ da t~ 
gettlr,{~ tc e. ho 7610k di 5pl~y 
t::-oaro, 



>,7.1 r.o.,- ; 

I 
.t:.~ 76 10C Te. l clfle Lr y Oat.) s ll.a l i.1 6i'D 
If;(\ic.ate lh~ some rea(ii r-9 .as 1-. ---------------,L 
jlspl oye~ n t tt:.e. 76 1 0 ~ . __ _ I O~ 

()c- st: l ec. t Lo:::al HiJdo ~t the 76 10~ J 
.-----11 Th ~. ~61CR Tu h :_lr.etry d i sp l ay sha l i 

b\.: h l.tl nw. ex:::q'! f~)r t he 'I~ ' . 

O~ 

1 6~~ 

i:1.<:!:'~ ·'.;u;.I-J;.-:\J \oc(l l tor- tro l 
$ .... il ·,: ' .. ,<1 Loca l Co n t ro l 5 19 1'1 ," 
t o j :: .... 161C P.. 6 1 :;pl~ ,!, boar&j. 

1 
The ) 610e EXTE RhA l CO,UOl 
~hol,. ld be turned OFF, Fro 1 

the 7610( f rOfl 't p~nel sell!)ct 

I.,; he. : '1\ t he .!.t:l l' l a l ly lo.a dt..·C ,J.l t e int o the 
'161 ().~ UAR.T UZB. If C- po:, chec"'( do) t~ s ~,.. L:d 1';0' 
."ceelved a t 761 0( shi r ,: r e.,) l st ers f rcY1 
7610 v;~n 'JI7. DO';(l frCtl 7bl OC sl'll ~t 
r,':) I ~ t'"@r S is I <:l t~hed I fl to I i!. ~ c h-d c.cQ; J~r 

I t..' .! ~1~ EO~i!I ~ _ bO"rd , 

c.! ' ilnn~1 O'()-O~L ReL'I'I\ Kl-K IO 1_8.:.'\.:.0 ___________ --, 
:m the 76lOR rel~'r' tmllr d 5oh,,1 1r 
:.orr¢:spond l ng 'y.bc sc lette"'. ' 
It i s sutfk l t:l'lt to'lcr 'fy 
{ h i ~ ~c l ~c lj Qn by moni l crinq 
t he indicot lon Of t"'t" 7G.1 0C 
rh:\ 1111CI ~'c ri~;c Mion aJlsplay. 

l or. 
(\I tL~r •• Hl!l l y dtlpre'!>s Ule UP a nd 

\'f c. (OI() I gO'M!\- OVs. hbu t ton ;;\~i tches ,H 7610C. 

D',: 
roo--

Tll e COr r e!>p() ... d; r.ry i.lP a !'lt! OO~ 
l ntllt; ,r: or~ ,. hr,il 1 loin (I e \ he 
76 10R. 

J HO (B"~ ) 
ClHlck t o 'it'!. t hat app ropr i <l t e UP 01 
OOV,I ot:on trol s l.gn.a I t.. ~ppe,"" ,H ;f\Clut 
rJ f UII :sh ift regiHQ I' o n 7610C H.otl'<-el' 
I3 Mr~, If 01< , ,::. nL:.:: i< outClut of 5h i rt 
, eg i Her Un o n 16-I OR Iioth~r Board. 
,H the t lJrlC of tl'te l atch l'u l ')f':' I I 
bot h UP and oO\.iH c"nlroi~ .J r tl OO[ 
bl .-.ult a mloos i y presef'r the corre.,t 
<ontro l ..... i I I be l atched' In t o U3~ ~," lf 
t he reby se l ~c. t l he proper UP o r 00"1"1 
roluy. 

I 
D ~press bo th \ he uP and OO'tJ1t pushbu tlon-. 
~ lrrlJ l "l.nneQu!i ly .H the 7£IOC. Nelth~ ( 
u p o r Do\.,'N In4 i e~ tor ~ ha 1 1 i l]he "t 
The 76 10R. 

l aAD 
'1C',,)I SC'c 1.I )6 .o ( U6.1t on j610.K Ho I II~' 
?o0<'1:-d, 

J 
Vlth r.o c.onnec.e iQ r, W the 7£I OC r oe d! 
~}( t crrCJ I CO~Hc l Conn C:Ctflr o r to J 11 

I s {he 76 10fl Contro l F .. ~i 50l/c 
r e l ay de-energi zed II'I~ lG""lln9 1 (HS)DAO 

(~ . ~~-~~n~~~~;~l G~:~~u~~; 1-. _______ ..., 

l"ej.L of cOr'lt l nu' t y .,cro'i ~ 

~ twt rear 7610R r il l h are 
£Jerde,.. str: p te.minal.$, 

I l'O (Or.) 

( I ., 1(. l~t'! t o ll =wi n;,l \JHoc-,J{ t:,1 (" .• re l-' t .y . 

7bl OC f'k::lhc r ~()"(~ UART Vlj, 
76 !Qe Hodelr. FS')( gCnc.r "'lI '·H . 

,. The O\,.lt put in to t he pll0nf: "ne 
I f u~ e.d -s h" II b~ 0 dbi'll. 

'" I f SeA 9cil ~r,a tO r ; '$ u!loc6 , ene<.k. 
outp .... t. 

,; , l)p control 11:'1k: (T e lco 1.); S(./'). 
Tt=l c o li ne l Q S~ ::. 1-.3 11 ('io t cx.ct:l~ d 
)0 dL . 
l5 'IOH ; i f SeA d CfTH)du l ~HO,:" i:i 
\lS <:~ ehed:. F5 K Qutpu t. 

l. P,~~e i \"e h' ~'e ~ ~t t output o f 76 10;( 
r e~ r pa ne l should b-e il. 5V , ~yste-l 
..ay o pflnl l ¢ 11'1)(9 1.:"1:,) It . 

o . C ... ~,, ~ s e.:-i a l log ic. r r OfTl 76 10R fSK 
l'Iodcm d~l C(; t o : ,')o., r J, 

), 7610;1. ,'1'Qt tle r Bo",r:j IJARl 1:26. 

I ~o " 0" I <~ 00 '" 

Cheek c i1,a r'tne l seloc t dua and 
~. i te sedec;. ~ ~ .. )t .. l (JlIded Into 
]S loe s h ift rC9 i s t c rs and '5c.-; .) II \, 
I V3deJ IMo j6 10t UARI Vi 7. 
~cfc r c =l:::c Data For rl'J t T.:. b'e (,;- 1. 
I f OK , c hc~ io;; dOlt,;;. se ri a l ly 
r e c e ived ,)~ 76 10., sh i f t te!)I). tI:.n, 
froll 761CR vAl\T V28. Rccel"tld 
I:;h.)one l d.)t .) RX I ,[Ind RX2 15 
ccmp.Ci rc~ oil ~ the Ov tpu t or t tu: 
sh if t r €g l'it ers by t\ d 191t&1 
:CMparato r, I f ... Il c or rcspo,djn~ 
<I,)t a bl t fl;:'Ict i Of,( CO'IIJHt re .. .,d 
the :site s.cl ee t 3Ils,.:l c OO'lP<J r ~ t l'-e 
1111; eh~ lIlIe l d& t oJ wi . i be gated 

ot, t he 76 10 !'!,o lhc r Board . se t the J6 1 0C I~D::'I' ::'" __ ~======~-------.J 
(XH.R~l\l CONTR')I. ~wl lch 1<1 {lU. H ie t-
70 l lle c.hM" e l ver if ic a ti on sha l l (~ad 

: nl c r t" :JiHc!'$ l')o. U)~. 

c hanna I -00, fhe 761 0C VP "n4 OO\lN 
I l'Id lc.'\l ro /$ sha l l r~r.;a i n t:l}l ll nQu l~ " c d . 

I ~~ 
SEt ~' X T PACE 

Or, 7(;IOC Ho:: hc l' 90a rd chc-c k ' ~17 I I'f) 
UIj ~~n-d assoc i (l tr.d i npll't <.. 1 r eI,; 1 uy, 



S.l.L. 7&)0 ~ lll h) F.)II) to FI,.. ~: tlon 
P(o,erl y wl~h 7610R 

lin th e. 76)0 R.ela y :i1!!1&ct Logic b~rdj 
ve r ify that DIp ;:;w llche~ 'H a nd SI .a re 
s;et properly for the 76}O as~ l!iined cMnnch. 
On ~ y one posl t ion on e ac h ~wl tc. h sha II 
De. OH . the pos I rlon t ha t i~ ON ilss { !}n~ 

10 ehanno l~ (co rresponding tOo (tI e fTl:t)st 
~19nl.tlca nt dlgl t o f the ctt-annl!!l H,lec.t 
thuiTlbwheol on lhe 7610 C/R , 

Q~ 

t'k:~sure the. de '101 t ,·::" !i On tfl~ 76}O P.ol~y 
Sel eel lOQIc 9;,ard . 

If t.>ad c.ht!ck 

wr tn respe, t v8- lb=of5 ... dc. + S% 
to "CHOI! -

U) 

tE!.Hpolnl (' 2-+ llvo'c.!.. lOt 

~D f( : The <4 12. 5"<1:. " ' J +~vdc r r oo whl c11 
+5vd~ I ~ dDrivod (';";"''' 1,1 5 over 0 c abl e fr Ofti 
tho 761 0R. 

or. 

Wi th tha 76101\ In Lo:;.~1 Hc11!!., Sc.ltlct 
c.han nel X.O-X9 ( r om the. 7610R ~X-;c.h.1 nnels 
" ssl-t;j ned to loft sId e of 7f1)O). Ac lil Y) 
Kl-K IO ,.,( lile 7£30 ld t r slay board :oM 1 I 
hoe: cQrro~p;Hldln~ly by eneqJlud , 

o. 

~tl ecc channel .":0-).9 fr or. t he 
BM 17610R (XOI!Icl)a nne ls a H ign~d lo 

r-------------....,.right s i de o f 76)0). Re i:JYIi 
KI-!<.IO or t he 7f1J.O r i ght relay 
bo.)rd sha II be correspood I ng 1 y 

Chec k. roaly uh . .ct logic In 76)0 
aS J oc. l ~ led wi th rt:01Ily boardl 2 
(right). H OK , c. hee k. reloy 
~t l~' tcglc. On l ~ 7610R Mother 
Bt!-ard . Check the cable bet"-:'een 
the )6)0 ond )610R (0' .nothe r )6)0). 

I 

I 
Ch : k for 1=0) sIt: I ~ 5rods of 
hltl + ':Hld - llr,cs lJ .... inljJ back 
/6100. 

lQ I 

lJ" c.oc:rgIIO'd . 

O~ 

1'1 tel' I1J te I y derr ~· ss t:'e UP and 
OOWN pu!o/'1.bvllOf1 '5.wi tchl:l:S ::It the 
761QR. The LIP O!.nd OO\o(H rela y c.Od.·c.t 
e l o i ure :should be veri f luO wI tl1 11( , 

ohrimatar a(: ross t ho c.o rr C!spofld:rg 
A-B terlRll nalj of the Q.ulck 01 scr/,nel:t. 
t~ r'mrnal s trip a t lh!:. r C4 r of t,o 
76)0 a t t he te rm l ndh c.o rro~ pom.llt'l9 
t o t he: ~ hilnne l , elected (check 
r aj lI ng ,hann tl. J). 

eAD 

o. 

Frc-m the 7&\OR '5.I!!. Ie.e.t J'.:J I rl!!.d 
c.hanne 1 c.or respond I ru) t9 76)0 
ben l S! c hecked . 'W Ith no whes 
or vol tage e.onnec lod. fo r t ha t 
ctl;)nne l j to Tc lc +, - 7 630 rea r 
bar ri e r terminal sU I~ J t h e 
Tel eme try Oat ;) ion-I I drsp lay 
"! 0000 " (:: 0002) . 

OK 

Connec t a Yl:rlfl ab le ac.cur ~ ~ e de. 
vol tago to rl1! Uh:)d 76)0 rei3r 
Tl.:l c t - ter.< oa ls as above . 
App lied vo lti) oe s.hilll b-e le.s~ than 
.l \I de. . WI th the eorre-s p.on.iin'1 
76)0 fr Qn t panel !ie.allng pot set 
Full CW. tho 7&IOfl Tel eme try D.at ,) 
s tur ll dl~pIJ't,) v~ lue. cqu,:,l to t~t 
apo ll e d t o wlt hl n!.3 c.QUnt ( 1.e. ~r). 

O~ 

': .,' ..,r Tv'5t 

DAD 

BAa 

!lAb 

l 
thee": r l.: l.,y ~o lacc l,..,,),lic in 7~'O .;!ISSQG lut~d 
\I! th realy boar d II (Left). If OK, G~ltc:k. 
r c-3 ly So lect Logic till the. 7610p. Mothor 
Boa r d. Check t he e.o!bl!:. bL:tween t he 7£)0 
.)m' 7'610R (or iJfl0ther 7(,)01. 

1 
Chock thl~ 76)0 rel.!lY c.orrespc ndl09j 
to the r,~ ,' nnel scl!:.c.t~J . Ir Dil:l 
d eck cablln!! '. ,:,c:,J.; :0 7LIOR UPI 
DOW'H rU IJ Y1 . 

1 
(tI~tf\O 1&)0 rotot correspOnd In!) 
to tne channel ~~I~.c.t cd. If 01(.. 
v t:rl'r t l1i!1 t t he T~le to- de.; V'OI t~c. 
I s- go tt l l"lg b.,c,," to U',e. '/610R. 
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