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SAFETY PRECAUTIONS 

This manual is intended for trained and qualified operating or service personnel who are familiar with 

1,- the dangers inherent to handling potentially hazardous electrical and/or electronic circuits. It is not 
intended to contain a complete statement of all safety precautions which should be observed by per­
sonnel in using this or other electronic equipment. 

( 

As with all electronic equipment, care should be taken to avoid electrical shock in all circuits where 
substantial currents or voltages may be present. 

The procedures outlined in this Manual are based on the information available at the time of publica­
tion. However, the manufacturer cannot assume liability with respect to technical application of the 
contents and shall, under no circumstances, be responsible for damage or injury (whether to person 
or property) resulting from its use. 

REPLACEMENT PARTS 

To obtain new service replacement or warranty items, contact Motorola at the location shown below 
and please supply Product Identification (Model Number, and Serial Number) and Replacement Part 
Identification (inc luding Stock Number and Description). Requests for replacements may be unduly 

j delayed if all this information is not supplied. A complete parts list is provided in this manual. · 

EQUIPMENT DAMAGED IN TRANSIT 

If concealed damage is discovered, immediately notify the carrier, confirming the notification in 
, writing, and secure an inspection report. This item should be unpacked and inspected for damage 

WITHIN 15 DAYS after receipt. Report all shortages and damages to Motorola at the location shown 

below. 

Motorola will file all claims for loss and damage on this equipment so long as the inspection report is 
obta ined. Disposition of the damaged item will be furnished by Motorola. 

FIELD ENGINEERING SERVICE 

Requests for installation, field engineering or service assistance should be directed to Motorola at the 
location shown below. 

MOTOROLA INC., 1216 REMINGTON ROAD, SCHAUMBURG IL 60195 312/576-2879 
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http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

COMMERCIAL WARRANTY 
(STANDARD} 

Motorola AM stereo radio broadcast prod11cts are warranted to be free from defects in material and work­
manship for a period of one ( 1) year, (ex,:ept for crystals and channel elements which are warranted for a 
period of ten (10) years) from the date of shipment. In the event of a defect during the applicable warran­
ty period, if customer returns the defective part or product to Motorola, transportation prepaid, Motorola, 
at its option, will either repair or replace such part or product, and such action by Motorola shall be the full 
extent of Motorola's obligation hereunder. Motorola will pay the transportation charges to return the part 
or product to customer. Parts, including crystals and channel elements, will be replaced-free of charge for 
the full applicable warranty period, but the labor to repai r the product or replace defective parts will only 
be provided for One Hundred-Twenty (120) days from the date of shipment. Thereafter, customer must 
pay for labor involved in repairing the product or replacing defective parts at Motorola 's then prevailing 
rates together with any transportation charges to and from t he place where warranty service is provided. 

This warranty is void if: 

a. 
b. 
C. 

the product is used in other t han its normal and customary manner; 
the product is subject to misuse, accident, neglect or damage; 
unauthorized alterations or repairs are made, o r unapproved parts are used in the equipment. 

This warranty extends only to individual products. Because each radio broadcast system is unique, Motor­
ola disclaims liability under this warranty_ or otherwise for range, coverage, performance or operation of 
the system as a whole. This warranty applies only w ithin the Uni ted States and is extended by Motorola 
Inc., 1216 Remington Road, Schaumburg, Illinois 60195, to the original purchaser, _and only to those 
purchasing the product solely for commercial, industrial, or governmental use. In order to obtain perfor­
mance of this warranty, customer must contact its Motorola salesperson or Motorola at the address stated 
herein, attention: Quality Assurance Department. 

THIS WARRANTY IS GIVEN IN LIEU OF ALL OTHER WARRANTIES EXPRESS OR IMPLIED, ALL 
OF WHICH ARE SPECIFICALLY EXCLUDED, INCLUDING, BUT NOT LIMITED TO, TH E WARRAN­
TIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. IN NO EVENT SHALL 
MOTOROLA BE LIABLE FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES. 

-iv-

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

SYSTEM SPECIFICATIONS 
,;, ( 1-----------------------------------------------.... ~ 
' 

EXCITER 
RF Output: 

Adjustable interna lly up to 5 watts into 
50 ohms 

(L+R)1: 

Adjustable under cover on front panel via 10 
turr:i potentiometer up to +16 dBm, 600 
ohms balanced. 

Stereo-Monaural: 

Switched under cover on front panel. 
Switches L= R for monaural . Stereo, mon­
aural indicated by LED on front panel. 

Audio Input: 

Right O dBm to +10 dBm Balanced 600 ohms 
Left O dBm to +10 dBm Balanced 600 ohms 
Both inputs adjustable with factory installed 
pad per customer requirement 

Meter Functions: 

(L+R)o (L- R)o Range - 20 dB to +3 dB 
0 dB= 100% Modulation. 

Right, Left: 
Meter functions switched at front panel 
between meters. 

Phase Equalization: 

Internally adjustable phase equalization is 
provided to compensate for phase variations 
in the transmitter chain. 

Delay Circuit: 

Provides wide band delay for propagation 
path differences in transmitter. 

Night Feature: 

A duplicate set of both delay and equal ization 
to allow the exciter to work with either two 
separate transmitters or two significantly dif­
ferent antenna systems. 

Sample Transmitter Output: 

A sample transmitter output is provided on 
the rear. This contains all of the modu lat ion 
aspects (L+R)o, (L+R) 1, (L-R)0 . This is 
provided for diagnostics and comparison of 
transmitter characteristics vs. exciter charac­
teristics. 

Sample transmitter output 2 volts peak to 
peak into 50 ohms. 

MONITOR 
R F Input: 

Frequency crystal controlled 
Input level = 1 volt to 10 volts RMS 
Impedance= 50 ohms 

Modulation Meters: 
Meter range O to 140% (-20 dB to +3 dB) 
Attenuator range O to -50 dB in - 10 dB steps 
Accuracy at 100% modulation 400 Hz.:!: 2% 
Meters switchable to + or -

Peak Modulation Indicator.~: 

(L+ R) Group: 

LEFT or (L+R) 
RIGHT or (L-R) 

- 100% Indicator internally set to flash when 
modulation exceeds -99% 
+125% Indicator internally set to flash when 
modu lation exceeds +124% 
Peak Indicator adjustable via thumb wheel 
switches from 30% to 150%. Modu lation 

selectable via push button switches + or - . 

(L-R) Group: 

Negative limit set internally to flash at 1.46 
radians or 83.670, 
(L-R} limit set internally to flash when mod­
ulation exceeds 99%. 
Peak flasher adjustable via thumb wheel 
switches for 30% to 125%. 

Output BNC connectors on rear: 

Remote Flashers (L+R) 
(l-R) 

Remote Meters (L+R) 
. ~. (L-R) 

Left Audio 600 ohms balanced & unbalanced 
Right Audio 600 ohms balanced & unbalanced 
(L+R) 
(L-R) 
25 Hz Pilot tone 

- vi -
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AM STEREO • GENERAL DES.CRIPTION 

The name "C-Ouam" is derived from the phrase 
Compatible Quadrature Modulation. This means 
that the system has the advantages of quadrature 
modulation for stereo transmission, and is com­
patible with the hundreds of millions of existing 
monaural AM radios. In fact, the C-Ouam system 
simply t akes the sum of left and right stereo chan­
nels ( L +R) and directly ampl itude modulates the 
broadcast signal. This is the precise signal that 
monaural radios were designed to receive. 

To provide stereophonic information, angle modu­
lation resu lts from straight forward Quadrature 
Modulation followed by limiting. That is, the 
monophonic ( L +R) provides in-phase modulation 
while ( L-R) provides quadrature phase modula­
t ion. The I imiter assures constant level exciter 
drive to the transmitter. 

A separate signal , 25Hz p ilot tone, is added to the 
quadrature difference ( L- R) signal for indicating 
the presence of a received stereophonic C-Ouam 
broadcast. 

Existing AM broadcast transmitters may be adapted 
to C-Quam with relatively simple and inexpensive 
modifications. 

LEFT O dBm 
TO lO dBm -

RIGHT O dBm ­
TO 10 dBm 

QUAM 
MODULATOR 

EXCITER 

LIMITER 

AF 
EXCITER DRIVE 

~ JJJl Jfilll 

• • 
- . 

" I 
1~ t4 ,r-

e.. 1.,,J -~ "' -~ , !_}~ :fn! ,,-~a;;.., ... . . 

CA RD CAGE CONSTRUCTION 

BROADCAST 
TRANSMITTER 

AUDIO INPUT TO 

ANTENNA 
SAMPLE 

TEST LINE 
MONITOR SIMPLI FIED SYSTEM BLOCK DIAGRAM TRANSMITTER MODULATOR 

SYSTEM SPECIFICATIONS 
The following performance is typical closed loop 
performance of the Exciter operating into the 
Monitor. 

Stereo Separation: 

35 dB Minimum from 100 Hz to 5kHz 

Frequency Response: 

L, R 1 OOHz -- 1 OK Hz ± 1.0dB 

Distortion, Harmonic: 

L=R Monaural 0.25% max. at 85% mod. 
L=- R Pure Stereo 0.5% max. at 85% mod. 

*L,R Single Channel 1.0% max. at 70% mod. 

•NOTE : This is equivalent of 140% modulation, 70% envelope 
modulation. simultaneous with 70% stereo information. 
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INSTALLATION 

I. UNPACKING AND MECHANICAL CHECKOUT 

The shipping cartons for the exciter and monitor are designed to protect the equipment for normal 
handling during shipment. Thoroughly inspect the equipment for any evidence of mishandling and report 
damage to the carrier immediately. 

For additional information, refer to the general information section. 

CAUTION! COMPLETE THIS PROCEDURE BEFORE 
APPL YING POWER TO UN ITS 

To prevent breakage, the circuit cards are not rigidly secured in their guides. Therefore, occa­
sonally during shipment, the circuit cards may become loose. Prior to operating this equipment, c1II circuit 
cards should be reseated in their sockets as fo llows: · · 

Remove all screws from the top and back panels of both the exciter and the monitor. Carefully 
move each circuit card from its socket by pulling it toward the rear of the cabinet and then push it back 
into its socket until fully seated. The circuit cards should only be moved by pulling on the top of the card 
itself and NOT by any components. 

After reseating al l circuit cards, secure the top meta l cover to the monitor only. The exciter cover 
and back will be replaced after adjustments have been completed, however, on models incorporating a top 
access plate, the exciter cover may also be secured now. · 

II. . CLOSED LOOP CHECKOUT 

( Recommended Test Equipment 

The following test equiment is recommended for use during installation of the Motorola AM stereo 
exciter and monitor. 

1. Low distortion oscillator, 600 ohms output, +10 dBm, less than 0.1% distorti~n. 

2. Distortion analyzer, capable of indicating distortion levels of less than 0.1 % distortion. 

3. Oscilloscope, bandwidth 10 MHz or better, capable of X-Y display of auq_io frequencies with no 
appreciable phase shift. 

4 . Spectrum analyzer, frequency range covering the AM broadcast band, better than 60 98 loga­
rithmic scale, and a resolution of better than 300 Hz. 

5. Vector card extender with receptacle, part number 3690-6 which must be modified as shown 
below. 

20 

21 

22 

MODIFICATION TO BYPASS 
KEYING PLUGS 

1. Designate ~ "TOP" reference 

2. M{lke ( 10) So,w C ~lls Apt,roici• 
mately l/16'' wide by 3/8" 
d~p between the following 
lands. 

2/3 
3/4 
5/6 
718 
9/10 

11112 ,: 
12/13 
14/15 
16117 
18/ 19 

A1 
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The spectrum analyzer may not normally be part of a broadcast station test equipment. It can 
normally be rented for a reasonable fee, and it is highly recommended that it be ava ilable during the instal­lation. 

Checkout and Installation Outline 

There are a number of steps wh ich should be taken in sequence to achieve the best results with the 
Motorola AM stereo system. The first part of the procedure involves checking the exciter and monitor 
connected directly together (closed loop) in order to confirm that the equipment operates with essentially the same performance as it did when final tested at the factory. 

After it has been confirmed that the Motorola equipment is oper'ating properly, the monitor is then 
':JSed to make performance measurements on the broadcast transmitter. Of particular importance is the 
level of incidental phase modulation generated by the broadcast transmitter. T his level of 1PM must be 
sufficiently low before attempting ste reophonic operation. 

When the broadcast transmitter has achieved acceptable 1PM performance·, then the· Motorola AM 
stereo exciter is connected. First the R.F. interface is completed so that the transmitter takes its R.F. drive from the exciter, and then audio connections are made. 

Adjustments of audio drive, the delay networks, and other procedures are then conducted until the 
overall stereo performance meets the FCC and the more stringent Motorola standards. Finally, the required 
FCC equipment performance measurements are made. 

After th e technical specifications are met and p roven, tests are made under program conditions 
including adjustment of modulation and audio processing equipment. 

·-
Closed Loop Connections 

The distortion analyzer, oscilloscope and spectrum analyzer should be, init ially connected to the 
exciter and monitor as shown below in Figu re 1. 

A2 

DISTORTION 
ANALYZER 

c:::J c:::::J 

.. ,·. . .. •. 
lfflfflJ ,., .. 

'•• "1 

MONITOR 

OSCILLOSCOPE 

[, □J 

RIGHT 

I • •· 
OUlPUTS 

@ 

_J t 
"' IP\lto'Ul 

SPECTRUM 
ANALYZER 

□ 
(J 

AUDIO 
OSCILLATOR 

iOl 
~1-J 

---SAMPLE TRANSMJTTER ouirur 

ffifflt 
AUDIO INPUT 

,., .• , 

Figure 1. Closed Loop Equipment Arrangement 

( 
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The input impedance to the spectrum analyzer is usually 50 ohms as is the input impedance of the 
monitor and the output of the excite·r sample transmitter. The oscilloscope input can be paralled with the 
spectrum analyzer input because the oscilloscope input is usually high impedance. The distortion analyzer 
input can also be unbalanced and it wil l be used to take measurements from several of the monitor out­
puts appearing at BNC connectors on the rear of the unit. 

An audio oscil lator is connected to 600 ohm unbalanced exciter input terminafs, and the following 
test input modes are required: left only, right only, left plus right and left minus right. In the left or right 
only function, the audio oscillator (balanced or unbalanced) can be directly connected to the input term­
nals. For L +R or L- R, the exciter audio inputs are paralleled either in phase, or out of phase. In either 
case, the input impedance of the para lleled inputs is 300 ohms. Although_ usually not necessary with high 
quality audio oscillators, a matching pad can be constructed as. follows . 

430Sl. 

430Jl. 

AUDIO OSCILLATOR PAD 

Figure 2. 

...----0+ 
LEFT 

+ RIGHT 

(L + R) 

+ 
LEFT 

+ 
RIGHT 

(L - R) 

PHASING EXC I TER INPUTS 

Some oscillators already contain the s.,..;itching and matching for the four modes of operation 
which simplify testing for AM or FM stereo. 

Exciter to Monitor Closed Loop Checkout (Start of Test) 

Before attempting to connect the Motorola AM stereo equipment to the station transmitter, it is 
· most important to make a check of the stereo equipment performance by directly connecting the AM 
stereo exciter to the modulation mon itor. This not only will provide a check of the equipment perfor­
mance prior to installation, but will also help acquaint the broadcast station personnel with the operation 
of the stereo equipment. 

The exciter unit has a self-contained amplitude modu lator which provides an output signal of 
approximately 1 volt R·Ms at 50 ohms and contains the comp letely encoded C-Ouam AM stereo signal. 
This output (labeled - Sample Transmitter Output) could also be used to test receivers without having to 
use the broadcast transmitter. "' 

The Sample Transmitter Output should be connected to the monitor "R.F. Input" with a BNC to 
BNC coaxial cable. The A.G. power to the exciter and the monitor can be applied by plugging in the line 
cords to a suitable A.C. outlet. There are no power switches to either the exciter or the monitor. There­
fore, the line cords must be unplugged to turn either unit off. 

After applying A.C. power, the lights for al l meters should be ·illuminated. The small toggle switch 
on the monitor under the carrier level met er should be thrown to the right-hand position, toward the carrier 
set knob. This is a meter switch and normally will be switched to the right-hand position except when 
checking the pilot tone level. 

The appropriate R.F. input level to the monitor'is'~·cljusted by a step attenuator which is controlled 
by a rotary switch on the rear of the monitor (MRS) and the potentiometer front panel control (MF 11 ). 
Observe the carrier .level meter while adjusting the input level usinA the fron t panel knob. The time con­

A3 
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stant for the meter circuitry is very long, so wait about 10 seconds after adjusting the knob to determine if 
the adjustment is within range of the front panel control. If not, reset the switch attenuator and readjust 
the front panel control for a center indication on the carrier meter. 

With no audio input to the exciter, the noise level indicated on the monitor should be lower than 
50 dB for L+R or - 40 dB for L-R. This is read by selecting on the monitor front panel L+R for the left 
meter (MF4) and L- R for the right-hand meter with (MF6). For each meter there is a row of pushbuttons 
providing meter ranges in 10 dB steps. The f)ush button selection and the meter indication on the red dB 
scale are added together for a measurement referenced to 100% modulation. 

Left Plus Right (AM) Operation 

The output of the audio oscillator should now be connected through the pad to the left and right 
audio input terminals of the exciter, phasing the inputs for L +R operation. The monitor left-harid meter 
control buttons (MF4) should select (- ) and (L+R). Set the oscillator frequency to 1 kHz and advance 
the audio level from the audio oscillator until the meter reads 100 percent modulation. Observe both the 
oscilloscope display of envelope modulation, and the spectrum analyzer (at the exciter sample transmitter 
output). If the range of the instruments are set properly, the displays should appear as follows: 

- dB 

- 0 

- 10 

-20 

- 30 

-40 

-50 

-60 

-70 

Oscilloscope Envelope 
Figure 3. 

50 dB 
or 

MORE 

___ J __ _ 

Spectrum Analyzer 

At 100 percent negative modulation, the oscilloscope envelope pattern should just pinch off to zero 
signal and the first order sidebands on the spectrum analyzer display should be exactly 6 dB down from the 
carrier. The high order sidebands on the spectrum analyzer should be at least 50 dB below the fundamen­
tal sidebands indicating AM distortion less than 0.3 percent. However, be careful in setting the oscillator 
level because if the modulation is even slightly more than 100 percent negative, the high order distortion 
sidebands will increase very rapidly. Make the adjustment in modulation level more than 100 percent and 
watch the high order sidebands change. 

After finding the 100 percent negative point from the test instruments, observe the monitor modu­
lation meter indication and flasher lights. The 100 percent negative light should be illuminated and the left­
hand panel meter should indicate 100 percent modulation. Adjust the digital switch immediately to the 
left of the meter to 100 percent, and the corresponding LED indicator should also light. 

For distortion measurements on L +R, it is recommended that 95% modulation be used preventing 
erroneous distortion measurements which can result from inadvertant over modulation. So, reduce slightly 
the oscillator level until 95% modulation is shown on t he meter. Connect the distortion analyzer to the 
L +R (MR 11) BNC connector on the rear of the monitor. 

A4 
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( 

At this time a series of audio measurements can be made to determine if the performance ·is within 
specifications. Generally the performance should be at least as follows: 

Frequency response: 
Distortion: 
Noise: 

±1.0 dB from 30 Hz to 10 kHz 
Less than 0.3% 
Lower than 60 dB below 100% modulation 

Main to Subchannel Crosstalk (L +R to L-R Crosstalk) 

The isolation between the n_ormal amplitude modulation and the added stereo information will have 
a direct bearing on the separation obtainable between the left and right stereo channels. Closed loop 
measurements should be made to confirm that the exciter to monitor operation is capable of transmitting 
and indicating sufficient isolation. 

The transmitted signal is the same as the previous L +R (AM) measurements. However, instead of 
looking at the L+R monitor output, measurements will be made of the residual signal in the L-R detector. 

First modulate the exciter with 95% L +R with a 1 kHz tone and observe the right-hand meter 
(MF 1). Select the L-R function with the push buttons (MF6), and push the range selector buttons (MF3) 
until a reading is obtained. On the exciter, adjust balance control (E F 13) until a null in the monitor L- R 
indicator is obtained. Readjust the oscillator output for 95% amplitude (L+R) modulation. 

-- The ·main-to subchannel crosstalk can now be measured over the audio frequency range.The-mea: 
surements should be within the following specifications: 

Crosstalk, L+R to L-R: 35 dB from 20 Hz to 5 kHz 
25 dB from 20 Hz to 10 kHz 

The residua l signal which appears in the L-R channel can result from the limitations in the modula­
tion monitor but under normal broadcast transmitter operation the first limitation is likely to be the 
incidental phase modulation (1PM) of the transmitter. When the AM transmitter is modulated, not only is 
the RF amplitude modulated, but there is a small amount of phase modulation, especially at higher negative 
levels of modulation. The readings of L-R modulation on the monitor will be used later to adjust the 
transmitter for minimum incidental phase modulation, or more accurately, for the Motorola system, mini­
mum incidental quadrature modulation. 

- NOTE -

The following forms are provided for your convenience to record measurements while 
becoming familiarized with the equipment. It is left to your judgement if the indicated 
measurements are to be recorded. 

AS 
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Subchannel (L-R) Performance Fidelity 

Turn off the 25 Hz pilot using the pushbutton located on the front panel of the exciter. Set up the 
exciter with a 1 kHz tone set to 95% amplitude modulation ( L +R). Reverse the polarity of one of the inputs 
to the exciter which switches the modulation to 95% L-R modulation. Observe the monitor right-hand 
meter and set the selector pushbutton (MF6) to "L-R". The meter should read within a few percent of 
95%. The distortion and noise meter are connected to the BNC connector in the rear of the monitor labeled 
''L-R ". Fidelity measurements should show ·performance within the following specification: 

Frequency response: 
Distortion: 
Noise: 

Subchannel (L-R) Crosstalk Performance 

±1.0 dB from 30 Hz to 10 kHz 
Less than 0.3% 
Lower than 50 dB below 100% modulation 

In addition to the fidelity assessment, measurement of the "crosstalk" or L-R into L+R should 
be made. The exciter audio input connections remain as above but the distortion meter should be connected 
to L+R BNC connector at the rear of the monitor. Crosstalk measurements can be observed by setting the 
right front panel meter to L +R and reading directly from the modulation monitor. 

Subchannel (1AM) Indicated Amplitude Modulation 

The L- R into L+R crosstalk minimum performance should exceed the value shown in Figure 8. 
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Single Channel Performance 

Connect the audio oscillator to the exciter left channel input and adjust a 1 kHz tone to 50% 
modulation. The monitor indication of 50% modulation should be shown on the left meter in the L+R and 
left positions. The left-hand meter on the modulation monitor is switched from reading L +R to Left with 
pushbuttons (MF4). The right-hand meter can be switched from reading L- R to Right channel output 
using pushbutton (M F6) . The separation for 100% m?dulation can be read directly on the right meter by 
selecting the appropriate sca°le with pushbuttons (MF3). 

- NOTE -

For 50% modulation, t he reference (on the dB scale) is 6 dB lower, therefore the separation 
will be 6 dB less than tha·t indicated. Th is would be called the left into right separation. 
Connecting the oscillator to the right channel and reading the residual into the left channel 
would be the right into left separation. 

The separation between the two channels should meet the following specification both ways. 

Separation between: 200 Hz and 5 kHz 
30 Hz and 15 kHz 

30 dB 
15 dB 

. If the separation specification is not obtainable, then the setting of the delay equalization should 
be checked, see page number 23. 
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Exciter Delay Equalization (for sample transmitter) 

_The Motorola AM stereo system is connected to the AM broadcast transmitter via two inputs; audio ahd R.F. In most transmitters, the amount of time it takes for.the R.F. and the audio to propagate through the transmitter is different, (usually the audio takes longer). If the dift'erence in propagation time is not corrected, the L- R information contained in the R.F. channel will arrive at the receiver earlier than the L +R information with the resultant loss of separation due to improper dematrixing. Thus, the exciter contains circuitry which can be switched in and adjusted to delay the audio fed to the exciter internal modulators to match the characteristics of the transmitter. 

The exciter SAMPLE TRANSMITTER is used for CLOSED LOOP testing of the EXCITER and MON !TOR. Normally it is necessary to delay the "O" channel because the propagation times through the EAMPLE TRANSMITTER are different, therefore requiring compensation. Set FRONT PANEL "NIGHT/ DAY" switch to the "DAY" position. Check on the NIGHT AUDIO CIRCUIT CARD (refer to component view in back of manual) that the DELAY SWITCHES S608 and S609 (located near the rear of the card) are set to zero position and that the PROCESS DEFEAT switch S607 is in the DEFEAT position (switch handle pointing to the outer edge of the NIGHT AUDIO CIRCUIT CARD. Using and oscilloscope set for x-y display, observe the LEFT and RIGHT unbalanced signal outputs at the ports J808 and J809 on the monitor. Compare the oscilloscope display with those shown on Page 18 and 19. ' 

DAY AUDIO 

RIGHT 
LOW FREQ 
EQUAL# I 

RIGHT 
HI FREQ 
EQUAL 

RIGHT 
HI FREQ 
CON, 
LEFT 
HI FREQ 
CONT 

LEFT 
HI FREQ 
EQUAL 

RIGHT 
LOW FREQ 
EQUAL#'2 

Figure 4. 

Exciter Equalization Adjustments (Under Top Cover A·ccess) 

LEFT 
LOW FREQ 
EQUAL#2 

NIGHT AUDIO 

LEFT 
LOW FREQ 
EOUAL# I 

If delay equalization corrections are necessary, proceed as follows and then repeat the single chan­nel performance measurements on Page 11. The corrections are performed ON THE DAY AUDIO CIR­CUIT CARD by setting (HI FREQ EQUAL "I") switches S303 and S305 (shown in Figure 4) to the "IN" position. Adjust R389 and R391 (LEFT HI FREQ CONT) and (RIGHT HI FREQ CONT) fully CW, then adjust the high frequency equalization using a 10 kHz signal. When.adjustment is complete, set all switches 
back to the "OUT" posi'tion. 

A16 
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· - NOTE -

If night audio card in installed, set FRONT PANEL "NIGHT/DAY" switch to the "NIGHT" 
position and repeat all delay equalization corrections identical to those performed on the 
DAY AUDIO Cl RCU IT CARD. The corrections are performed on the NIGHT AUDIO 
CIRCUIT CARD by first setting the NIGHT CARD switches S603 and S605 (HI FREQ 
EQUAL "I") to the "IN" position, and adjust R689 and R391 (LEFT 1:-11 FREQ CONT) and 
(RIGHT HI FREQ CONT) fully CW, and then adjust the high frequency equalization using a 
10 kHz signal. Monitor the LEFT and RIGHT signal as described in the DAY AUDIO 

-CIRCUIT CARD section outlined above. When adjustment is complete, set all switches 
back to the "OUT" position. 

- NOTE -

The points of maximum separation and minimum total harmonic distortion (THO) should 
fall at the same point. However, the fina l adjustment may be a compromise requiring your 

. best judgement. 

Ill. MONITOR MEASUREMENTS OF BROADCAST TRANSMITTER 

Phase Hum and Noise, and Incidental Phase Modulation 

Before attempting to initiate stereophonic operation with the broadcast transmitter, the Motorola 
AM stereo modulation monitor should be connected to a transmitter R.F. sample so that hum, noise phase 
modulation and incidental phase modulation can be measured. 

The monitor can be calibrated on input R.F. levels from 300 mV to 10 volts RMS unmodulated. 
A 10 dB per step attenuator is controlled by a knob at the rear of the monitor, and the fine adjustment is 
made with a knob on the front panel. Using an unmodulated transmitter, set the monitor R.F. input level 
for a center indication on the carrier meter. 

The broadcast transmitter can now be modulated with a 1 kHz tone inserted at the normal audio 
input terminals. The Motorola monitor can simultaneously monitor the normal AM on the left-hand meter 
(button MF4 set to L+R) and the incidental phase (or quadrature) modulation on the right-hand meter by 
selecting L-:--R on pushbutton (MFG). 

Although most AM broadcast transmitters can easily meet the FCC AM noise specification of 45 dB 
down and many can make more than 60 dB down, the transmitter phase hum can be very different. Power 
supply PM hum and residual phase noise can originate in the transmitter and be completely harmless for 
AM operation, but can become very troublesome for stereo broadcasting. 

After the Motorola stereo modulation monitor is calibrated for the correct R.F. input level, the 
audio input to the transmitter should be terminated and a measurement of the L- R modulation level be 
made. It would be useful to look at the audio output of the L-R channel with a conventional display on 
the oscilloscope to determine the waveform of the residual noise. The scope can be triggered with a line 
signal to observe if hum components are the primary component to the residual signal. 

Generally, the residual L- R noise should be at least 40 dB belo"" 100% L-R modulation. If this is 
not the case, then work needs to be done on the transmitter to improve the noise level. This generally con­
sists of improving the power supply filtering on the lower level R.F. stages in the transmitter, but also can 

i be traced to the dressing of leads having A.C. currents on them. The transmitter manufacturer may have 
some experience or may be will_ing to help solve the P.M. hum problems in order to make the transmitter 
more usable for AM stereo operation. 
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Stereophonic X-Y Oscilloscope Display 

It is recommended that an oscilloscope be continually used in an X- Y mode to display the stereo­
phonic operation of the Motorola exciter and monitor. The X-Y display requires an oscilloscope of suffi­
cient sensitivity, bandwidth and phase characteristics such that both the horizontal and vertical axes display 
audio signals of approximately 0.5 volts peak to peak with no appreciable phase shifting. Figure 
5 indicates the ideal displays of sine wave modulation under the indicated modes of stereo operation. 
Additional sample X-Y displays are shown in Figures 6 and 7. 

Refering to Figure 1 on Page 2, the oscilloscope should be connected to the monitor unbalanced 
left and right BNC outputs (MR6 and MR7). The left output should be connected to the X axis oscillo­
scope input. • Under no modulation conditions, the trace wi ll consist of a single dot which could burn the 
phospher of the cathode ray tube. The intensity of the oscilloscope should, therefore, be reduced if the no 
modulation condition exists civer an extended period of t ime. 

The X-Y display can be very useful in troubleshooting and adjusting AM stereo. It can indicate the 
amount and nature of incidental phase modu lation, audio delays or phase shifts, operation of audio process­
ing equipment, amount of stereo .in programming and many other characteristics limited only by the ex­
pertise of the observer. 

' -- . -·-1 I 

- Left Only Right Only 

Left Plus Right Left Minus Right 

NOTE: Pilot Tone Off 

A18 
Figure 5. Ideal Oscilloscope Displays of Stereo Signals 
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( 
\ 

NORMAL 

T.H.D. on RIGHT · 
(can be at top or bottom) 

I I 

t- I ---+-

-:--, 

POOR SEPARATION 

POOR RIGHT EQUALIZATION 

Figure 6. Sample OscilloS{:ope Displays of Stereo Signals 

Incidental Phase Modulation 

With the transmitter modulated at 25, 50, 75, and 95% AM with a 1 kHz tone, measurements of L-R should be made. This information can be dynamically read on the X-Y display and could look like the simulated displays shown below. 

Straight Line indicates relatively little 1PM except 
an excersioh on the negative peak of modulation. 

Curved line indicates a considerable amount of 1PM 
which would need correction_ for satisfactory AM stereo. 
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The audio modulating frequency should be varied and measurements made of the crosstalk due to 
1PM. Generally fo

0

r at least 25 dB of separation Linder typical stereo program modulation, the measured 
L+R to L-R cross talk should be less than indicated in Figure 8. 

0 

-10 

- 20 

dB 

-30 

- 40 

20 

MAXIMUM BROADCAST TRANSMITTER 

l + R to l - R CROSSTALK 

95%Arll (l+ R) 

50%AM (L + R) 

200 21< 

Audio F reque11cy, Hz. 

Figure 8 

201( 

The sources of inciden,tal phase modulation in AM broadcast transmitters vary considerably. How­
ever, two contributing areas often are: 1) the final amplifier tuning and 2) the final amplifier neutraliza­
tion. In the case of conventional AM, neither adjustment is usually very critical. However, in AM stereo 
these adjustments can have a substantia l effect in 1PM. If the 1PM measurement show that the transmitter 
does not make the maximum values indicated in Figure 8, or if it is desired to improve on the performance, 
adjustments to tuning and neutral ization can be made. This is usually done by modulating the transmitter 
with a higher frequency audio tone, (5 or 7.5 kHz) and watching the crosstalk in the L- R channel on .the · 
monitor as the tuning and loading is adjusted. Neutralization adjustment often can not be made from the 
transmitter .front panel, but has to be done with the transmitter plate vo'ltage off and then the transmitter 
put back on for a measurement. 

Many transmitter manufacturers -now have some experience in AM stereo with one system or 
another. For some assistance, it would be advisable to discuss the measurements and crosstalk performance 
with the manufacturer. 

IV. STEREO EXCITER R.F. CONNECTIONS TO BROADCAST TRANSMITTER 
(BROADCAST TRANSMITTER SET-UP) 

The Motorola AM stereo exciter includes several R.F. outputs designed to interface with most, if 
not all, existing AM broadcast transmitters. One is a 5 volt logic level output designed to drive.standard 
digital circuitry. The other is the output of a 5 watt square wave amplifier which is used to drive a lower 
level R.F. stage in the transmitter. This amplifier can be internally programmed for lower output levels if 
required. Both of these outputs have no amplitude modulation, but do have the proper phase modulation 
required for C-Ouam AM stereo. Another output is available at the rear of the exciter which is not modu­

lated in either amplitude or phase. This output is provided to trigger an oscilloscope for observations of 
phase modulation, or can be used to drive frequency measurement equipment. 
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The Motorola exciter will be preadjusted to the station frequency and all R. F. outputs of the 
exciter are on the station's carrier frequency. The oscillator in the exciter is designed to hold the station 
frequency well within the F . .C.C. specification O'-'.er-a temperature range from O to 50 degrees centigrade . 
. Generally,.the output should stay within a few Hertz of the assigned frequency. 

If the transmitter has a TTL input, then the TTL output of the exciter is to be connected to the 
transmitter digital circuitry at a point where it is operating on the station frequency. Some transmitters 
now use higher frequency crystals . which are divided down to the operating frequency. The input is to be 
made after the division. 

Many transmitters, however, will be best interfaced by taking the 5 watt exciter output and apply­
ing it to the highest level R.F. stage in the transmitter which can be fully driven. It is possible for the trans­
mitter output signal to be coupled back through the exciter and the connecting cables which in turn can 
cause incidental phase modulation. Therefore, the higher the level on the cable and the higher the R.F. 
stage in the transmitter being driven, the less opportunity for incidental phase modulation. 

The 5 watt amplifier in the exciter has a square wave output with a level of approximately 42 volts 
peak to peak into 50 ohms resistive. The lower level R.F. stages in the transmitter should be studied to 
determine where is the best point for inserting drive of this voltage level. If the instruction book for the 
transmitter does not indicate the normpl R.F. levels, they can be measured with a suitable R.F. voltmeter 
or the manufacturer can be consulted. 

below. 
If a transistor is to be driven, it is recommended initially that the connecting circuitry be as shown 

50 OHM 
COAXIAL CABLE 

tGO 
2W 

.001 uf 

150 
2W 

Figure 9. 

If more current is required to pull up the base of the transistor, the values of the "T" pad can be 
I 

changed. 

In the case of driving a tube R.F. stage, the 50 ohm inpedance can be stepped up by tapping down 
on a coil in the grid circuit of the stage if it is tuned, or by using a toroidal step up transformer. 

50. 0HM 
. COAXIAL 
CABLE .001 

-T lOOJ\ 
'-f ~(~;]' 

. IT7 2W 

TOROID 

Figure 10 A21 
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After sufficient drive from the stereo exciter to your transmitter has been aceomplished, a recheck of the phase modulated hum and noise, and incidental phase modulation should be made. Using the normal audio input to the transmitter, checks should be made of the L-R noise level and crosstalk between AM (L7R) and L-R channels as was perviously done. It is also advisable to check the audio performance of the L-R channel to be sure that the broadcast transmitter is not substantially degrading the L-R performance (see Page 8). 

V. STEREO EXCITER AUDIO CONNECTIONS TO THE BROADCAST TRANSMITTER 

The Motorola AM stereo exciter simply takes the left and right audio channels and sums them into L +R for the broadcast transmitter audio input. Two basic objectives must be met in connections to the transmitter. One is the phasing of the transmitter audio input, and two the input level · must be pre­cisely adjusted so that the C-Ouam modulation will be t ransmitted properly. The audio frequency response and distortion of the circuitry is sufficiently low that it should not affect the monaural performance of the transmitter. Initially, an audio oscillator set to 1 kHz should be connected to the left and right audio inputs of the stereo ~xciter, phased for L +R modulation. 

The phasing of the exciter audio output to the broadcast transmitter can be checked by comparing the envelope display of the ·exciter sample transmitter output with the broadcast transmitter envelope. This should be done with a dual trace oscilloscope in the chop mode with the triggering taken from the audio oscillator (see Figure 11 ). 

'- ~ :r---.J ,-1 I - . 
. -

, ·-

1 _: -~L-1 I I 
t_ 1 

./. I 
I 7 I -· 

Incorrect Correct 

Figure 11. Phasing of Broadcast Transmitter Audio Input 

While observing the dual trace display of envelope modulation (ER3) the depth of modulation can also be approximately adjusted. Start by adjusting the tone to the exciter left plus right channels from the oscillator until the broadcast transmitter is modulating about 50%. Next, adjust the exciter audio drive to the broadcast transmitter (EFB), (a screwdriver adjust on the front panel under the plastic cover) until the envelope modulation is the same as the sample transmitter. Increase the audio input to the exciter until the sample transmitter modulation is 100%, and then adjust the broadcast transmitter modu­lation to the same value with the front panel screwdriver adjust. 

The precise setting of the L +R drive to the broadcast transmitter can be more accurately set by observing separation. However, separation at this time is most likely limited by the difference in delays 
between L+R and L-R. 

A22· 
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VI. ADJUSTING THE DELAY NETWORKS AND EQUALIZATION 

- NOTE -

1. The 25 Hz pilot tone must be turned off with the front panel switch. 

2. The process defeat switch S607 must be in the "DEFEAT" position (located on the 
night audio circuit card.) 

3. CAUTION: Do not touch the following setting on the front panel at this time. Refer 
to section VI I Limiter Adju_stments and the Alignment Procedure. 
3.1 + LIMIT 
3.2 - LIMIT 
3.3 BALANCE 

4. The night circuit card is an option and may not be used in your exciter. 

Delay Adjustments 

In order to adjust the delay, the cover plate in the middle of the top cover must be removed and the 
back cover must be opened. At this time it might be easier to have the EXCITER placed on a table rather 
than in a rack so that the switches and controls can be more accessible. Even without setting the delay 
networks it is quite possible to achieve 15 dB of separation or more, however, this varies considerably with 
the transmitter type. 

To start the process, set the OSCILLATOR to 1 kHz 50% envelope modulation, LEFT input only. 
Using an oscilloscope set for X-Y display, observe the LEFT and RIG HT unbalanced signal outputs at the 
ports J808 and J809 on the monitor. Adjust LEFT DELAY SWITCH S608 from its zero position in 1 
microsecond steps for best closure. Compare the oscilloscope display with those shown in Page 18 and 19. 

Repeat procedure for RIGHT input only by adjusting RIGHT DELAY SWITCH S609 from its zero 
position in 1 microsecond steps for best closure. 

Bulk Delay Adjustment 

- NOTE -

If the maximum of 15 microseconds of delay does not produce adequate closure add BULK 
DELAY CARD BD705 to the bottom of the NIGHT AUDIO CIRCUIT CARD and connect 
into circuit. Each switch section on the BULK DELAY CARD adds 8 microseconds of 
delay for a total of 32 microseconds. The maximum total system delay for both the LEFT 
and RIGHT audio channels with the BULK DE LAY is 32 + 15 o·r 47 microseconds. 

Return the LEFT and RIGHT DELAY SWITCHES S608 and S609 to their ZERO position. 
Repeat the above procedure for both the LEFT or:ily and RIG HT only sections by adding 
BULK DELAY in 8 microsecond groups and using LEFT and RIGHT DELAY SWITCHES 
S608 and S609 for fine adjustment until best closure is obtained~ 

HiFrequency Equalization Adjustment 

To continue the equalization, set the HI FREQ EQUAL "I" switches on both the DAY and NIGHT 
Cl RCU IT CARDS (S303, S305, S603, S605) to the "OUT" positions. Set the HI FREQ EOUA L "O" and 
LOW FREQ EQUAL "Q" switches on both the DAY and .NIGHT CIRCUIT CARDS (S304, S306, S302, 
S301, S604, S606, S602 and S601) to the "IN" position. See Figure 4. 
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Set the OSCILLATOR to 10 kHz 50% envelope modulation, FRONT PANEL NIGHT/OAY 
SWJTCH to DAY position, LEFT input only. 

Adjust LEFT HI FREQ EQUAL CONTROLS, R302 C-D and R389 for best closure. 

Change to RIGHT input only and adjust RIGHT HI-FREQ EQUAL controls, R302 A-Band R391 
for best closure. · 

Optional Night Function Adjustment 

Set FRONT PANEL NIGHT/DAY SWITCH to NIGHT position with EXCITER switched to NIGHT 
TRANSMITTER. 

Repeat LEFT and RIGHT HI FREQ EQUALIZATION using the identical controls on the NIGHT 
Cl RCUIT CARD directly opposite the DAY CIRCUIT CARD controls described above, 

Low Frequency Equalization Adjustment 

To continue the equalization, set the OSCILLATOR to 100 Hz 50% envelope modulation, FRONT 
PANEL NIGHT/DAY SWITCH to DAY position LEFT input only. 

Adjust LEFT LOW FREQ EQUAL No. 1 and No. 2 controls, R304 C-D and R307 C-D for best 
closure. 

Change to RIGHT input only and adjust R IGHT,LOW FREQ EQUAL No. 1 and No. 2 CONTROLS . , 
R304 A-Band R3.07 A-B for best closure. · 

Optional Night Function Adjustment 

Set FRONT PANEL NIGHT&DAY SWITCH to NIGHT position with EXCITER switched to 
NIGHT TRANSMITTER. 

Repeat LEFT and RIGHT LOW FREQ EQUALIZATION using the identic.al controls on the 
NIGHT Cl RCUIT CARD directly opposite the DAY Cl RCUIT CARO controls described above. 

- -
Separation Checks 

Separation measurements should now be made over the audio spectrum with the LE FT channel 
driven and then the same measurements with the RIGHT channel driven. It is most useful to prepare a 
graph of the separation in order to judge the action of the various controls. Also, the stereophonic distor­
tion should be measured, that is the LE FT channel distortion when LE FT is driven, and the RIG HT chan­
nel distortion when RIGHT is driven. Many times there will be a tradeoff between separation and.distor­
tion, and there may be very good separation in one direction (RIGHT into LEFT) and marginal separation 
the other way (LEFT into RIGHT). 

At this point, separation should be better than 25 dB both ways. The adjustments will not .follow a 
prescribed pattern, but improvements can be made by trial and error. Include in the adjustments a trim­
ming of the FRONT PANEL "L+R ADJ" audio drive control : _ If the transmitter has sufficient low Inci-

dental Phase Modulation (1PM) there should typically be 30 dB separation between 100 Hz and 5 kHz. , : .. )-~"-
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.. 
The separation below and above this range will be limited by the equalization to precisely match the 

transmitt~r. and by bandwidth limits of the transmitter/ antenna system. 

- NOTE -

Return the PROCESS DEFEAT SWITCH S607 to the "ON" position. 

V II EXCITER LIM ITER ADJUSTMENTS 

- NOTE -

Normally the + limit and - limit controls on the fr~nt panel are set at the factory and 
should not require adjustment. 

The+ LI MIT AND - LIMIT CONTROLS set the level beyond which the audio signals will -be l im­
ited (clipped). The (L+R)Q, (L-R)o and ihe (L+R)1 audio signals+ and - limit le.vels are set simul­
taneously. 

The + and - limiters for the ( L +R) f audio signal that is returned to the TRAN SM ITTE R MODULA­
TOR are disconnected. (DIODES 0302 and D308 are removed from the DAY CIRCUIT CARD). This 
requires_ that both the + and - limiting.action, (to prevent over modulation), be accomplished in the sta­
tions Audio Processor or in the transmitter proper. 

The - LIMITER for the (L +R)Q and (L-R)Q audio signal channels is set to the limit the C-QUAM 
point to approximately the 98% modulations level.. 

The + LIMITER is usually set for no+ LIMITING unless required by the station, (control set fully 
ccw). 

VIII OPERATION INTO THE ANTENNA 

After satisfactory stereo operation into the du.mmy load, the final adjustment should be checked by 
operating into the antenna system during expe'rimenta l hours. There are two basic effects to look for when 
operating into the antenna. One is that the impedance/bandwidth of the antenna system often is much 
narrower than the dummy load and the radiation from the antenna back into the transmitter building can 
increase the possibility of Incidental Phase Modulation. · 

With the transmitter operating into the antenna system, measure the stereo separation and distor­
tion. If the high frequency performance (above 5 kHz) has degraded, readjust the high frequency equaliza­
tion for the best compromise between separation and distort ion. If the separation has degraded consider­
ably on all audio frequencies, check the level of Incidental Phase Modulation by Modulating the transmitter 
with_ the audio oscill~tor connected directly to the transmitters audio input terminals. Measure the residual 
L- R out of the MONITOR and compare with previous measurements. If the level is much greater than 
previously measured into the DUMMY LOAD the indication is that the increase in Incidental Phase Modula­
tion is being caused by the RADIATED R.F. signal from the ANTENNA. Appropriate corrective actic:>n 
must be undertaken. : 

This completes the check out and adjustment. Tighten all covers and position equipment in its 
permanent location. 
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AM STEREO 
EQUIPMENT PERFORMANCE MEASU.REMENTS 

(Audio Proof) 

The FCC requires AM broadcast stations to conduct equipment performance measurements after 
installation of AM stereo transmitting equipment. The characteristics to be measured are described in 
Section 73.1590 and the minimum performance specifications are described in Sections 74.40 and 73.128. 
Copies of these sections of the FCC Rules are reproduced in Appendix A. 

The FCC requirements are quite extensive and a considerable number of data points must be taken. 
For the broadcaster's convenience, forms for tabulating and plotting the data are included in this section. 
A summary of the FCC proof requirements is shown in Figure 1. 

SUMMARY OF FCC REQUIRED AM ST ER EO 

EQUIPMENT PER FORMANCE MEASUREMENTS 

Modulation Madu lat ion Mode 
Measurement Level FCC L imit L+R Left Right L -R 

95% X 
Frequency Response 75% ±2 dB X X X 

50% X X X 
25% 100Hz-5kHz X X X 
95% 7.5% X 

Harmonic Distortion 75% 5% X X X 
50% 5% X X X 
25% · 5% X X X 

100% 5% X 
Carrier Shift 85% 5% X 

50% 5% X 
25% 5% X 

Noise Level 100% 45 dB below 400 Hz -X X X 

Incidental Phase Modulation 95% None Specified X 

Main to Subchannel Crosstalk 95% None Specified X 

Subchannel to Main Crosstalk 95% None Specified X 

Separation No Spec. 15 dB O - 5 years Measurement not required 
20 dB 5+ years 
400 Hz - 5 kHz <' 

Harmonic and Spurious 95% X X 
Radiation 75% X X 

75% X X 

Figure 1. 
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PROCEDURE 

Although the FCC requires that equipment performance measurements be made between a common 
audio input amplifier at the studio to the transmitting antenna terminals, the following instructions are 
written to aid the broadcaster in making initial measurements of AM stereo performance at the transmitter. 
After satisfactory tests have been completed with the transmitting equipment, the audio oscillator signal 
can be fed to the required common audio input amplifier at t he studio for the actual required performance 
measurements. Thus, when the following specifies.a connection to the exciter audio input, the connection 
would then be to the common audio input ampl ifier at the studio. 

Motorola will provide to the broadcast station a complete AM exciter and modulation monitor 
capable of generating and accurately demodulating and indicating the operation of the c~auam system. 
The modulation monitor is capable of demodulating and accurately indicating: amplitude modulation, left 
minus right modulation, left channel modulation, right channel modulation, carrier shift, right or left-chan­
nel noise levels, separation, and level of pilot tone. In addition, the level of incidental phase modulation 
can be readily calculated from the left minus right modulation indication when modulating with AM. The 
frequency of pilot tone. modulation can be measured with instruments connected.to the modulation moni­
tor. The distortion and noise levels of the modulation monitor are sufficiently low that the measurements 
made of the various performance characteristics will be reflective of the limits of the broadcast transmitter/ 
stereo encoder performance. 

Referring to Figure 2, the measurement of main ( L +R) modulation capability is made by paralleling 
the left (A) and right (B) audio inputs to the stereo exciter (phased for L+R modulation) and connecting 
the audio oscillator through the pad to the junction. T he main (L+R) modulation can be read directly on 
the modulation monitor by selecting "L+R" for the indication on the.left hand meter (see Figure 2). The 
level of the audio oscillator can be increased until at least 85% modulation is read on the monitor. The fre­
quency of the oscillator can be varied over the range of 50 to 5000 Hz while observing the level on the 
modulation monitor for the required modulation level. 

For (L) left, or (R) right only modulation, the audio oscillator should be directly connected with­
out the pad to first the left (A), and then the right (B) inputs to the AM stereo exciter. The oscillator level 
should be advanced until the main channel (L+R) modulation reaches at last 75% modulation as indicated 
on the monitor. The oscillator frequency is then varied over the range of 50 to 5000 Hz while observing 
the monitor. 

For measurement of distortion, the audio oscillator is connected to the stereo exciter as previously 
described. For main ( L + R) distortion measurements, t he distortion meter should be connected to the BNC 
connector on the rear of the modulation monitor )abeled "L +R". For left or right distortion measure­
ments, connect the oscillator directly to the left input on the exciter and connect the distortion analyzer 
to the left output on the modu lation monitor. The same process is repeated for right only distortion mea­
surements. If the 600 ohm balanced output is used, terminate with a 600 ohm load. 

The audio oscillator is connected as previously described for main (L+R), left (L) and right (R) 
modulation. The frequency response can be directly observed by selecting "L+R" for main channel re­
sponse or "L" for the left channel response on the left meter or "R" for right channel response on the right 
meter of. the modulation monitor. Response can also be read on the distortion meter in the audio volt­
meter function by connecting to the appropriate left, right or left+ right outputs of the modulation moni­
tor at the rear of the unit. 

The carrier shift can be read· by observing the carrier level indicator on the Motorola AM stereo 
modulation monitor or on the station's type approved amplitude modulation monitor. With no modulation 
applied to the AM stereo exciter, the carrier level indicator should be carefully set to the zero or calibrate 
point. The audio oscillator is to be connected to the paralleled left and right inputs of the AM stereo en-

coder (phased for L+R modulation) through the pad. The output level of the oscillator is to be advanced 
while observing the carrier level indicator in the modulation monitor. The maximum change in carrier 
level indication is t o be recorded for modulation levels from zero to 100% amplitude modulation . 
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Figure 2. 

DISTORTION 
METER 

BLOCK DIAGRAM 
OF 

TEST ARRANGEMENT 

Both left ( L) and right ( R) audio inputs to the AM stereo exciter are terminated with 600 ohm 
resistors. Main ( L +R), left ( L) and right ( R) channel noise levels can be directly read on the Motorola AM stereo modulation monitor by selecting the appropriate mode for the left or right meters, ar,d depressing the meter range buttons until an on scale reading is obtained. The noise level is obtained by adding the 
meter range value with t he indication of the red dB scale on the meter. It is already ca librated against 100 
percent modulation. 

lndicidental phase modulation is measured as follows. Connect the audio oscillator through the pad 
to the parallel left and right audio inputs to the stereo exciter, making sure that the audio inputs are phased 
for main (L+R) modulation. The left hand meter is set to (L+ R) on the modulation monitor and the right hand meter is set to ( L- R). The audio oscillator output is adjusted to the various modulation levels and 
audio frequencies required and the readings of the (L-~) meter are observed. The meter range will have to 
_be chosen by selecting the appropriate push button. Record the sum of the push button meter range and 
the red dB scale on the ( L- R) meter for each combination of modulation level and frequency. The inci-
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dental phase modulation in radians is simply the voltage ratio below 100 percent L-R modulation ex­pressed in decimal form. For instance, if the observed L-R modulation is 50 dB below 100 percent L-R 
modulation, the incidental phase modulation is .0032 radians or 3.2 X 10-3 radians. ( . 

For measu rement of separation, the audio oscillator is connected directly to the (L) left or (R) right 
input of the AM stereo exciter. The left channel is modulated with a tone and a distortion meter or audio 
voltmeter is used to measure the audio output voltage from the left channel output of the modulation 
monitor. The audio voltage from the right channel output of the modulation monitor is then measured. 
The difference in dB is the separation. The reverse process is used to measure the separation of a modu­
lated right channel into the left. 

The front panel meters can be used directly when set to "L" and "R ". The separation can be read 
directly on the panel meters with the meter range buttons only for 100 percent left or right only modula­
tion. For lesser values of left or right only modulation, separation is computed by subtracting the readings 
in dB of the two meters added to the respective push button settings. 

The relative pilot tone level may be measured directly on the modulation monitor by setting the 
small toggle switch under the carrier meter to the "pilot tone" side and reading the level of pilot tone on 
the carrier level panel meter. The correct level of pilot tone indication should be at the black block on the 
meter scale. To accurately measure the pilot level, set pushbuttons R-L and -20. The meter should indi­
cate -26 dB. 

Pilot tone frequency may be measured from the pilot tone port on the back of the modulation 
monitor. Use Sigmotek ITC-3 frequency counter or similar computing counter. Pilot tone should be 25 Hz± 0.1 Hz. 
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AM STEREO 

Equipment Performance Measurements 

EXTRA FORMS · 
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Appendix A 

. FCC REGULATIONS FOR CONDUCTING 

EQUIPMENT PERFORMANCE MEASUREMENTS 

§ 73.1590 Equipment Performance Measurements 

a. The licensee of each· AM, FM and TV station, except licensees of Class D non-commercial educational 
FM stations authorized to operate with 10 watts or less output power, must make equipment per­
formance measurements for each main transmitter as follows: 

. 1. Upon initial installation of a main new or replacement transmitter. 

2. Upon modification of an existing transmitter made under the provisions of § 73.1690. Modifi-
cation of transmission systems, and specified therein. 

3. Installation of AM stereophonic transmission equipment pursuant to § 73.170. 

4. Installation of FIVi stereophonic transmission equipment pursuant to§§ 73.297 or 73.597. 

5. When required by other provisions of the rules or the station license. 

6. AM and FM stations (except 10 watt non-commercial educational stations), once each. calendar 
year. (One set of measurements must be made during the 4 month period immediately preceding 
the filing .date of the application for renewal of the station license. Successive measurements are to 
be made at least annually by the anniversary calendar month, and completed within an additional 2 
months, with no more than 14 months between measurements.) 

b. Audio measurements. Audio equipment performance measurements must be made with the equipment 
adjusted for normal program operation and must include all circuits between the main studio micro­
phone terminals or amplifier input and the antenna circuit, including any correcting equalizer circuits 
normally used. Any dynamic aud io processing or non-correcting equalizers must be disabled or neu­
tralized. The measurements must yield the following information: 

1. AM monophonic stations. 

i . Data and curves showing overall audio frequency response from 50 to 5000 Hz for approxi­
mately 25, 50, 85 and if obtainable, 100% modulation. A family of curves must be plotted 
(one· for each percentage above) with dB above and below the 1000 Hz reference frequency as 
ordinate and audio frequency as abscissa. 

ii. Data and curves showing audio frequency harmonic content for 25, 50, 85 and, if obtainable, 
100% modulation for the audio frequencies of 50,100,400, 1000, 5000 and 7500 Hz (either 
arithmetical or RSS (root sum square) values up to the 10th harmonic or 16,000 Hz). A 
family of curves must be plotted (one for each percentage above) with percent distortion as 

ordinate and audio frequency as abscissa. 

iii. Data showing percentage of carrier amplitude regulation (carrier shift) for 25, 50, 85 and, if 
obtainable, 100% modulation with 400 Hz tone. 

iv. The carrier hum and extraneous noise level generated within the equipment, and measured 
throughout the audio spectrum, or bands, in dB below the reference level of 100% modulation 
by a 400 Hz tone. ,, 

v. Measurements or evidence showing that spurious radiations, including radio frequency har­
monics, are suppressed or are not present to a degree capable of causing objectionable inter­
ference to other radio services. Field strength measurements are preferred but observations 
made with a communications type receiver are acceptable. However, in particular cases 
involving interference or controversy, the FCC may require field strength measurements. 
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2. AM stereophonic stations. 

D'>O 

i. Data and curves showing the overall audio frequency response from 50 to 15,000 Hz for 
approximately 25%, 50%, 75% and 100% modulation with equal left and right (L+R) main 
channel signal; 25%, 50%, and 75% modulation with both a left (L) channel only and right (R) 
channel only signals. 

ii. Data and curves showing audio frequency harmonic contect for 25%, 50%, 75%, and (main 
channel only) 100% modulation for the audio frequencies 50,100,400, 1000, 5000, and when 
attainable 7,500, 10,000, 12,500, and 15,000 Hz (either arithmetical or RSS (root sum square) 
values up to the 10th harmonic or 30,000 Hz) for equal left and right (L=R), left (L) only and 
right (R) only signals. A family of curves must be plotted as specified in paragraph (b) (1) (ii) 
above. 

iii. Data showing percentage of carrier amplitude regulation as specified in paragraph (b) (1) (iii) 
above for main channel modulation with equal left and right (L=R) signals. 

iv. The carrier hum and extraneous noise level generated within the equipment, and measured 
throughout the audio spectrum, or band, in dB below the reference level of 100% amplitude 
modulation by a 400 Hz tone for the main, left, and right channels. 

v. Measurements or observations for spurious and harmonic r adiations as specified in paragraph 
(b) (1) (v) above while modulating the transmitter main (L +R) channel, left ( L) channel only, 
right (R) channel only and a stereophonic channel only (L-R) signal. The tests shall be made 
with the tones and maximum attainable normal modulation as specified in 73.128 (b). 

vi. The degree of incidental phase modulation of the carrier wave, in radians, when the main 
( L +R) channel is amplitude modulated without pilot tone. The tests shall be made with the 
tones and maximum attainable modulation levels as specified in (2) (i) of this paragraph. 

. . \ 
I • 
'· .1 

vii. The main to stereophonic channel and the stereophonic to main channel crosstalk. The tests ( · 
shall. be made with the tones and maximum attainable normal modulation as specified in (2) (i) _) 
of this paragraph. 

viii. In the above measurements, if 100% negative peak amplitude modulation is not attainable, 
the highest attainable modulation percentage between 95% and 100% modulation shall be 
used. 
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FCC MINIMUM PERFORMANCE SPECIFICATIONS 
FOR AM STEREO 

§ 73.40 AM Transmission System Performance Requirements 

a. The design, installation, and operation of a monophonic AM broadcast transmission antenna terminals 
must meet the following specifications. 

b. The design, installation, and operation of a stereophonic AM broadcast transmission system between 
audio input amplifiers used for all programming for both the left and right program channels to the 
t ransmitting antenna terminals must meet the following specifications. 
1. Except when due to equipment failures or other conditions beyond the licensee's control, the 

transmitter must be capable of operating at the authorized power for each mode of o'peration, with 
a main (L+R) channel amplitude modulation not less than 85% and a left (L) only or right (R) 
only signal of not less than 75% over the audio frequency range from 50 to 5,000 Hz. 

2. For main channel modulation only, the transmission system shall meet the distortion specifications 
of paragraph (a) (2) above with harmonics observed to 20,000 Hz. When stereophonic transmission 
is used, the distortion must be measured in the left and right channels separately modulated using a 
suitab le stereophonic demodulator. 

3 . The audio frequency transmitting charact~ristics for main ( L +R ), left ( L) only and right ( R) only 
modulation shall conform to the requi rements of paragraph (a) (3) above, except that measure­
ments shall extend to 7,500 Hz. 

4. The carrier-amplitude regu lation (carrier shift) at any percentage of amplitude modulation by a 
main ( L + R) channel signal shall not exceed 5%. 

5. The carrier hum and extraneous noise level, unweighted noise, over the frequency band 50 to 
20,000 Hz for main channel (L+R), left (L), and right (R) channels must be at least 45 dB below 
the reference level of 100% amplitude modulation of the carrier by a 400 Hz tone. Measurements 
shall be made with a suitable stereophonic demodulator. 

6. The incidental phase modulation of the transmitter must be measured with the main (L+R) channel 
modulated at the audio frequencies and modulation levels specified in paragraph (b) (2) above. 
NOTE: Specifications for incidental phase modulation are not established. 

7. For the first five years following installation of stereophonic transmitting equipment, stereophonic 
separation between left and right stereophonic channels must be at least 15 dB at audio modulating 
frequencies between 400 and 5,000 Hz. After five years, stereophonic separation between left and 
right stereophonic channels must be at least 20 dB at audio modulating frequencies between 300 
and 5,000 Hz. 

§.73 .128 AM Stereophonic Broadcasting 

a. An AM broadcast station may, without specific authority from the FCC, transmit stereophonic pro­
grams upon installation of type accepted stereophonic transmitting equipment and the necessary mea· 
suring equipment to determine that the stereophonic transmissions cenform to the modulation charac­
teristics specified for the stereophonic transmission system in use. 
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b. The FCC does not specify the composition of the transmitted stereophonic signal. However, the fo l­
lowing limitations on the transmitted wave must be met to insure compl iance w ith the occupied band- . 
width limitations, compatibility with AM receivers using envelope detectors, and any applicable inter­
national agreements to which the United States is a party: 

1. The transmitted wave must meet the occupied bandwidth specifications of 73.44 under all possible 
conditions of program modulation . Compliance with requirement shall be demonstrated either by 
the following specific modulation tests or other documented test procedures that are to be fully 
described in the app lication for type acceptance and the transmitting equipment instruction man­
ual. (See 2.983 paragraphs (d) (8) and (j)) . 

1. Main channel ( L +R) under all conditions of amplitude modulation for the stereophonic 
system but not exceeding amplitude modu lation on negative peaks of 100%. 

ii. Stereophonic su.bchannel (L- R) modulated with audio _tones of the same amplitude at the 
transmitter input terminals as in (i) above but with the phase of either the L or R channel 
reversed . 

iii. Left and Right Channel only, under all conditions of modulation for the stereophonic system 
in use but not exceeding amplitude modulation on negative peaks of 100%. 

2. The total harmonic distortion as measured by an envelope detector having an input radio frequency 
bandwidth of 30 kHz (3 dB points) many not exceed 5% for the conditions of modulation speci­
fied ( 1) of this paragraph. 

c. Each licensee or permitee of an AM station engaging in stereophonic broadcasting using a system with 
a pilot tone shall measure the quiescent pilot tone frequency and injection level and cal ibrate at inter­
vals as often as necessary to insure comp I iance with the specifications for the system in use. However, 
in any event, the measurements shall be made at least once each calend_ar month with not more than 
40 days between successive measurements. 
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Introduction to the 
Motorola C-Quam AM Stereo System 

WHAT IS C-OUAM? 

C-Ouam is a mixed mode system using amplitude modulation for the main ( L + R) signal, and 
a completely different and independent type of quadrature modulation for the stereo ( L - R) infor­
mation. Quadrature combines two signals at a phase angle of 90 degrees for transmission·, and then at 
the receiver separates them again. It is another form of multiplexing. This technique is wsed to trans­
mit the color information in the U.S. TV color system and is used for encoding of SQ and OS quadra­
phonic records. In the application to AM stereo, quadrature is really transmitting two_ AM signals on 
the same channel. For relatively narrow bandwidth applications such as we have with AM radi·o, AM 
is really the most efficient emission because amplitude modu lation requires the minimum bandwidth 
and it is independent of noise. What this means is that in an AM receiver, the effective background 
noise remains the same with or without modulation. Thi-s is not so with FM or PM, which under 
modulation, "kicks up" additional noise not present under no modulation conditions. So in AM 
quadrature, an additional channel can be created and heavily modulated without "kicking up" exces­
sive noise. In other words, for narrow bandwidth communications systems, there is a signal to noise 
advantage to using AM quadrature. 

Another important point is for AM stereo the long transmission path from the transmitter, 
through a directional antenna, over a difficult propagation path, and through a narrow bandwidth and 
possibly mistuned receiver is a very rough one. In order to be demodulated with the least distortion 
and maintaining separation, the signal must be very resilient . .. able to withstand the difficult trans­
mission experience. This also is best done with AM quadrature because two of the same type of 
signals are being transmitted and therefore undergo the same type of distortions which can .in many 
instances be canceled at the other end. In other words, for AM stereo the differences between the two 
signals must be preserved, and if each undergoes the identical distortions during transmission, the 
differences between the two signals will be maintained. This is another reason why the AM/FM and 
AM/FM stereo systems are not very good because distortions to the AM component are very different 
from the distortions to the PM or FM component during transmission, and the result is a much more 
distorted AM stereo signal. 

Although many have tried to use AM quadrature for AM stereo the most difficulty is encoun­
tered when modifications are made to make it compatible with envelope detectors in existing ~M 
radios. The Motorola scientists and engineers found a way of. taking advantage of the quadrature 
characteris~ics, while transmitting a perfectly compatible AM component. 

THE NATURE OF AM AND FM SIDEBANDS 

In order to describe the system, some basics must be understood about certain types of modu­
lation and how it is detected or not detected. To check our understanding, let's look at two basic 
types of transmission, AM and FM, modulated by a very low distortion sine wave. 

When a signal is amplitude modulated by a sine wave, we can describe it in.severat ways. One 
is to simply look at the amplitude and trace it vs time. This wou ld be the typical display on an os­
cilloscope of the R.F. envelope. See Figure 1. Another is to look at it on a spectrum analyzer which 
would show three vertical lines in the center, a taller line representing the carrier, and the two side­
bands, lesser in amplitude, shown on either side of the carrier. In these two representations, there is 
no phase information given but for now think of the two sidebands as being in-phase sidebands or "f" 
sidebands. Thus in a perfect AM signal with no distortion there are no higher order sidebands or har­
monics of the primary AM sidebands and there is no net phase modulation of the total of the carrier 
and the two sidebands. 

The other case, FM (or PM) is where the phase or frequency is modulated according to our low 
distortion sine wave, and let's say the deviation is at least a few kHz. In this case, the R.F. envelope 
does not vary and the A.C. output of the envelope detector would be zero. The spectrum, however, 
would usually consist of a component at the carrier frequency and a family of sidebands located a 
multiples of the modulating frequency away from the carrier. For instance if the carrier frequency 
was 1000 kHz, and the modulation was 1 kHz, there would be symmetrical sidebands at 999 and 1001 
kHz, 996 and 1002 kHz, and so on. 
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If there is a carrier and sidebands, why doesn't the envelope detector detect the modulation? 

( \ 
I 

The reason is that in FM and PM, the instaneous phase and amplitude of the carrier component and 
all the sidebands always add up to the same power as the unmodulated carrier. As the modulation is 
turned up, the carrier is reduced in amplitude and the missing carrier power is given to the sidebands, 
but the sum total at all times remains the same. It is in the phasing of the sidebands that determines ( · · i 
whether they will add and subtract with the carrier to produce differences in amplitude or whether 
they will add and subtract with the carrier component to always give the same amplitude. In the case 
of FM or PM, let's call the sidebands quadrature or "Q" sidebands. 

Now, the interesting thing is that "Q" sidebands don't need a linear amplifier to be amplified 
and can be crunched to death by limiters and class C amplifiers and still the same spec.trum comes 

. out the other end. On the other hand "I" sidebands must have linear amplification in order to survive 
and can be totally stripped from the signal by a good 1-imiter. An envelope detector will be blind to 
the existence of perfect PM or FM sidebands, and a phase or frequency demodulator will not see 
perfect "I" sidebands or amplitude modulation. 

C2 

Another interesting fact is that all modulation can be represented by a combination of the "I" 
sideband components and the "Q" sideband components. This is very important in AM <:~-2reo broad­
casting because it is necessary to split any of the AM stereo system's signals into t he '' I" anc "Q" 
signals for transmission on an existing AM transmitter. See Figure 2. For a ll systems, t he " I" signal is 
given to the transmitter in audio form at the audio input to the transmitter and then it amplitude 
modulates the signal in the normal way recreating an AM or an "I" sideband signal. For all systems, 
the "Q" components are fed to the transmitter in R.F. form as a phase modulated signal that replaces 
the crystal oscillator in the transmitter. Of course the "Q" signal sidebands can pass through the inter­
mediate and final amplifier R.F. stages of the transmitter even though these stages are non linear and 
usually operate class C. The Motorola AM stereo system also required that it be reconstructed for 
such transmission but certain modifications are made for compatibility''with the millions of existing 
AM radios. 
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. ANY MODULATED SIGNAL 
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Figure 2. 

REGENERATED 
. SIGNAL 

Observe Figure 3. Pure AM-AM quadrature can be generated by two transmitters connected 
so that their outputs add. One transmitter would be a standard AM generator producing the carrier 
at, let's say, zero phase, and sidebands associated with that carrier ("I" sidebands). A second trans­
mitter is fed from the same master oscillator as the AM transmitter, but the phase is shifted 90 de­
grees. Because we already have a full carrier at zero degrees phase from the AM transmitter providing 
a phase reference for the receiver, the second transmitter does not need a carrier and is set up with a 
balanced modulator cancelling out the carrier and producing only sidebands. Because these sidebands 
are generated from a carrier which is 90 degrees out of phase from the AM transmitter, these sidebands 
will be 90 degrees out of phase with the AM sidebands and "in quadrature." These become our "Q" 

sidebands. 

AM 
TRANSMITTER 

L + R AUDIO 

OUTPUT 

MASTER 
OSCILLATOR 

QUADRATURE 
AM STEREO 

TRANSMITTER 

OSB 
(SUPRESSED CARRIER) 

TRANSMITTER 

L - R AUDIO Figure 3. 
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If we wanted to make an AM stereo system we could transmit L + R into the AM transmitter, 
and L - R into the double sideband transmitter. Sounds good, but under left or right only condit ions 
where both transmitters are contributing sidebands to the output, the resultant wou ld be a distorted 
AM signal. Before we look at why, let's take a look at a quadrature demodulator which is also the 
widely touted synchronous detector. 

THEOUADRATURE(SYNCHRONOUS)DETECTOR 

To recover the audio signals separately at the receiver a system of phase sensitive detectors is 
arranged. See Figure 4. First, a reference phase must be derived from the transmitted signal. Th is is 
the carrier by means of a phase locked loop (PLL) . 

The device that is primarily responsible for the operation of the synchronous detector is the 
balanced demodulator or product detector. When th is device is given an input signal and a reference 
carrier, it will provide at its output the difference of the two signals. If the two signals are identical in 
frequency and 90 degrees out of phase, the output will be zero. If there is a constant difference in 
phase it will give a D.C. output or if the phase is varying it will give an A.C. output. The D.C. output 
of the "Q" detector is fed back to a voltage controlled oscillator (VCO) which causes the frequency 
and phase of that oscillator to zero in on the input carrier frequency and phase and lock to it. 

This provides the phase reference for the "I" and "Q" detectors. The A.C. output from the 
"I" demodulator provides the o riginal L + R audio from the AM transmitter, but it does not see the 
"Q" sidebands from the double sideband transmitter. The second demodulator is also fed from the 
VCO but its carrier reference signal is automatical ly shifted 90 degrees. Therefore it sees the "O" 
sidebands from the double sideband transmitter and sees nothing from the AM transmitter input audio 
which is L + R. 

II 
L +ROUT - "I" ... 

I o0 REFERENCE CARRIER 

_ 900 PHASE SHIFT 
NETWORK 

R.F. IN -
vco 

,o.C. ERROR SIGNAL 

+900 -~/Vv-

l 
+90° REFERENCE 

;-

CARRIER 

:1 
L - ROUT 

---- "Q" -
Figure 4. 
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The AM-AM quadrature system would be excellent for AM stereo except that the envelope 

detectors in normal AM radios don't see only the "I" sidebands or the "Q" sidebands but see the 

simple vector addition of both. The envelope detector is not capable of seeing any phase information 

and only sees the absolute total of the modulation regardless of phase. 

Under L + R (L = R) only modulation conditions (monaural), there is no problem, because 

only the AM transmitter is modulated and the envelope detector recovers AM perfectly. (The double 

sideband transmitter receives no audio because when L = R, L - R = 0.) However, under stereo condi­

tions, for instance, when L only is transmitted, full sideband components are contributed by both 

the AM and double sideband transmitters and the envelope looks like Figure 5. This would not be 

compatible with existing radios and a very distorted signal would be heard. 

COMPATIBLE QUADRATURE 

QUADRATURE MODULATION 

ENVELOPES 

L -t R MODULATION 

L ONLY ORR ONLY 

Figure 5. 

The Motorola AM stereo system is not complicated at all. It simply takes a pure quadrature 

signal as just described, and extracts the phase modulation components of the quadrature signal and 

phase modulates the broadcast transmitter, and sends L + R audio to the audio input of the trans­

mitter. That's it! The advantage is that a very nice AM signal is always transmitted so that the en­

velope detectors are happy, but that the phase modulation of the carrier is derived from quadrature. 

The result is a signal with the advantages of quadrature modulati9n while maintaining monaural com­

patability. 

cs 
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THE C-OUAM TRANSMITTER 

The C-Ouam transmitter is diagramed in Figure 6 . Note that pure quadrature is generated 
by taking L + R and L - R and modulat ing two balanced modulators fed with R.F. signals out of 
phase by 90 degrees. In th is case the 90 degrees phase shift is derived by using a Johnson counter 
which divides an input frequency (four times station carrier frequency) by four and automatically 
provides digital signals precisely 90 degrees out of phase for the balanced modulators. The carrier is 
inserted directly from the Johnson counter. At the output of the summing network, the result is a 
pure quadrature AM stereo signal. From there it is passed through a I im iter which strips the AM com­
ponents from the signal and leaves only the phase modulation "Q" sidebands. Th is is not the same as 
the simple output of the "Q" modulator because the addition of the "I" and "Q" balanced modu­
lators produced some phase shifting not present in the "Q" modulator alone. The output of the 
limiter is amplified and sent to the broadcast transmitter in place of the crystal oscillator. 

The left and right audio signals are precisely added and sent to the audio input terminals of 
the broadcast transmitter. That's the Motorola C-Ouam encoder. 

osc. +4 

LEFT AUDIO . 

RIGHT AUDIO 

DECODING C-OUAM 

CARRIER 

" I" 
MODULATOR 

L + R AUDIO 

"Q" 

R. F. IN MODULATOR 

L-R AUDIO 

L + R AUDIO 

Figure 6. 

LIMITER 
.__ _ _ ___. TRANSMITTER 

R.F. INPUT 

C- QUAM 
ENCODER 

TRANSMITTER 
AUDIO INPUT 

C-Quam is dec.oded by simply converting the broadcast signal which is already "almost" pure 
quadrature to pure quadrature and then using a quadrature detector to extract and L - R. Refer to 
Figure 7. Note that the demodulator contains a section which is the pure quadrature demodulator 
as previously described. In order to prepare the broadcast signal for the quadrature demodulator, it 
has to be converted from the envelope detector compatible signal that is broadcast to the original 

( ' 
' 

I 
) 
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ENCODING COMPATIBLE QUADRATURE MODULATION 

The existing RF oscillator of the transmitter is replaced by a substitute reference which has 

the angular modulation of a quadrature signal. The existing AM modulation technique is basically 

unchanged. 

AUDIO DRIVE 

LEFT 

(l+ R) QUADRATURE 
MATRIX 

PHASE 

EQUALIZER MODULATOR ------
LIMITER >-----r1~TRANSMITTER 

RIGHT,__ __ __, (l - R) 

I 
EXCITER DRIVE 

25 H1 PILOT TONE cos (wet+ Q) 

Note that the audio modulation sum information is unchanged and that a quadrature phase 

modulated RF drive is substituted for normal RF drive. The only change is the presence of a Phase 

Equalizer to compensate for the differences in Amplitude/Phase relationships between the audio 

signal path and the RF path. This is necessary to maintain separation over a wide bandwidth. 

Any suitable stereophonic audio processors may be used. 

DECODING THE COMPATIBLE QUADRATURE SIGNAL 

The received compatible quadrature signal is a quadrature signal which has been modulated 

by the cosine of its relative phase angle information. It is also a compatible envelope detector signal. 

Therefore, sum information may be decoded with either an envelope detector or a synchronous 

detector that is inversely modulated by the cosine of the phase modulation. Difference information 

may be decoded with a synchronous quadrature demodulator which is in inversely modulated by the 

cosine of the phase modulation. In fact, there exists a multiplicity of decoding methods since: 

L - R = S tan9 = S X sinQ -:- cosQ 
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Hence, any sequence of operations which results in L - R is a valid decoding algorithm. Even non­
PLL decoders are allowed since a descriminator, integrator, tangent function sequence results in L - R. 

Motorola has evolved a preferred decoder design which maximizes performance benefits 
at minimum of cost and adjustments. The approach is shown in the following figure. 

RECEIVER ENVELOPE (1 + S) . IF OETECTJJR 
AMPLIFIER 

\ + S) cos(w 0 t+9) 

l 
COMPARATOR 

l 

i-ERROR SIGNAL fEEOBACK MATRIX R 

VARIABLE SYNCHRONOUS 
GAIN IN-PHASE -CONTROL DETECTOR 

SYNCHRONOUS 
- (L - R) 

--- UUAORATURE 
PHASE + ( L - R) 

DETECTOR 

In the absence of the feedback loop, the In-Phaser/detector would produce (1 + S) cosQ. 
The feedback loop forces the In-Phase detector output - but, this action also forces the Variable Gain 
Control to be in inverse cosQ modulator. Hence, the output of the Quadrature Phase Detector be­

comes the desired L - R information. 

C10 

SIGNAL EQUATION FOR MOTOROLA COMPATIBLE QUADRATURE SYSTEM 

Ee= Ac (1 + Ms (L(t) + R (t)) cos [wet+ tan·1 
{
Md (L (t) - R (t)) + .04sin 501Tt }] 

1 + Ms ( L (t) + R (t)) 

where: Ms= index of modulation for sum information 
Md= index of modulation for difference information 
.04sin 501rt = 25 Hz. pilot tone. 

( 

·1 
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EXCITER AND MONITOR 

OUTPUTS AND CONTROLS 
DESCRIPTION AND FUNCTION 
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REF DESCRIPTION 

EF1 Meters 

EF2 Pilot Indicator Light 

E F3 Stereo Indicator Light 

EF4 Function Switch 

EF5 Night Indicator Light 

EF6 + Limit 

EF7 - ~imit 

EF8 L+R Adj 

EF9 Mono/Stereo Switch 

EF10 Stereo Pilot Switch 

E F 11 L + R Envelope Switch 

E F 12 Night Day Switch 

E F 13 Balance 

EXCITER 
FRONT PANEL CONTROLS 

FUNCTION 

Audio level meters for test and set up 

Go/No-go indication of pilot output 

Go/No-go indication of stereo operating mode 

Top - (L + R1) Set up position indicating the relative 
level of left and right channel audio drive. Note: the 
meters are not to be used as an indication of modulation. 

Bottom - ( L + Ro) indicates L + R and L - R audio 
d rive levels 

Go/No-go indication of night operating mode 

* Audio drive level limiting adjustment 

* Audio drive level limiting adjustment 

Sets output level of L + R signal fed to modulation input 
of station transmitter 

Selects between mono and stereo mode 

On-Off carrier pilot switch 

Momentary push on type of switch to test if drive to the 
L + R I envelope is present 

Changes equalization for use with another transmitter or 
antenna. Works in parallel with remote switch on back. 
Optional control used only if exciter is equipped with the 
night equalizat ion feature. 

Allows slight amplitude adjustment between left and 
right inputs. 

*Misadjustment will reduce stereo separation . 
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REF 

ER1 

ER2 

ER3 

ER4 

ER5 

ER6 

ER7 

EXCITER REAR PANEL OUTPUTS 

DESCRIPTION 

Unmodulated Carrier 

Exciter Output 

Sample Transmitter Output 

Remote Night Day Switch 

Audio Input 

R + L Output (Envelope 
Modulation) 

TTL Output 

FUNCTION 

Sync from encoder to evaluate amount of phase modu­
lation of master carrier frequency. 

Square wave output to AM transmitter for high power 
drive (0.5 to 5.0 watts in steps). This signal is the phase 
modulated substitute for the transmitters oscillator. 

Composite output for test of exciter to modulator. 

Works in parallel with front panel switch for changing 
equalization when using another transmitter or antenna. 
(See exciter front panel controls.) 

Left and right 600 n balanced audio input 0 dBm to 
10 dBm (determined at time of installation). 

Balanced output from L + R amplifier to station trans­
mitter (normal AM modulation input). Adjusted by 
L + R Adj. front panel control, +16 dBm maximum. 

Phase modulated signal which is acceptable for TTL 
compatible transmitters. Substitutes for normal oscilla­
tor of station transmitter. 
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MONITOR 
FRONT PANEL CONTROLS 

REF DESCRIPTION 

MF 1 Meters 

M F2 Meter Range Switches 

M F3 Meter Range Switches 

M F4 Left Channel Modulation 
Function Switch 

MF5 (L + R) Flashers and Controls 

MF6 Right Channel Modulation 
Function Switch 

M F7 ( L - R) Flashers and Controls 

MF8 Pilot Tone Indicator 

M F9 Carrier Level Meter 

FUNCTION 

Modulation meters for test and set up. 

Left channel meter range selection switches. 

Right channel meter range selection switches. 

Switches peak flasher (MF5) and left meter between (L + 
R), (L), (+)or(-) functions. 

The yellow ( L + R) peak flasher modulation range is set 
via the front thumb wheel switch. Its function depends on 
t he modulation switch setting (MF4). The monaural red 
(- 100%) envelope and green (+125%) envelope l imits have 
no external settings and are both fixed factory adjust· 
ments. Peak amplitude can be accurately determined 
by increasing the reading on the thumb wheel until the 
light goes out. The number on the thumb wheel will be 
the peak modulation. 

Switches peak flasher (MF7) and right meter between (L -
R), (R), (+)or(-) functions. 

The yellow ( L - R) peak flasher modulation range is set 
via the front thumb wheel switch. Its function depends on 
the modulation switch setting (MF6). The red (L - R 
limit) and green (neg limit) have no external setting and 
are both fixed factory adjustments. 

The ( L - R l imit) is equivalent of a 100% phase modula­
t ion signal. The (neg limit) indicates that t he L - R com­
ponent is overmodulating the combined modulation enve­
lope. Peak amplitude can be accurate ly determined by 
increasing the reading on the thumb wheel until the light 
goes out. The number on the thumb wheel wil l be the 
peak modulation. 

Indicates presence of 25 Hz pilot tone. 

Establishes a carrier reference level necessary to insure that 
the circuits driving the modulation meters are affected 
only by modulation changes. The carrier level meter 
indicates the average RF signal level input to the monitor 
decoder circuits. The RF signal input is set to a leve l 
(indicated on the meter and. determined by the manufac­
turer ) by means of the carrier set control (MF11 ). As long 
as the carrier level i ndication is within the range of the 
meter (±. 20% change of RF level), the modulation circuits 
wil l be within their design accuracy. 
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REF DESCRIPTION 

MF10 Switch 

MF 11 Carrier Set Control 

MONITOR 
FRONT PANEL CONTROLS (Continued) 

FUNCTION 

Two pos1t1on calibration meter function switch. In the 
pilot tone position, the carrier meter must indicate in the 
black square (pilot) position. Th is is a fixed factory ad­
justment which does not have.an external setting. 

In the carrier set position, the meter must indicate in the 
center on (set). T he set position can be adjusted with the 
(carrier set) and rear panel (RF attenuator) controls. 

Vernier control which operates in conjunction with the 
60 dB RF step attentuator on the back panel. 

,I. 
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REF DESCRIPT ION 

MONITOR 
REAR PANEL OUTPUTS 

FUNCTION 

MR1 Remote Modulation Meter L + R DC drive current for remote panel meter operation 

MR2 Remote Peak Flasher L + R Drive signal for remote operation of flasher 

MF3 Remote Peak Flasher L - R Drive signal for remote operation of flasher 

MF4 Envelope Detector Test output to evaluate monitor decoder 

M R5 L - R Detector L - R (quad) detector test output to evaluate monitor 
decoder 

MR6 

MR7 

MFB 

MR9 

MR10 

MR11 

MR12 

MF13 

MR14 

Unbalanced Output Left 

Unbalanced Output Right 

RF Atten 

RF Input 

L-R 

L + R 

In Phase Detector ( I Det) 

Pilot Tone Output 

600 n Balanced 

For distortion measurements of left audio channel 

For d istortion measurements of right audio channel 

A 60 dB step attenuator in 10 dB steps used with the 
front panel carr ier set control to calibrate the monit or 

RF input from transmitter link 

L - , R output for transmitter testing of stereo signal 

L + R (mono) output for transmitter testing of monaural 
signal 

Test output to evaluate monitor decoder operation. 

Counter connection for measurement of pilot frequency 

Balanced 600 ohm audio output 

MR15 Remote Modulation Meter L - R DC drive current for remote panel meter operation 
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MONITOR 

BASIC CIRCUIT CARD FUNCTIONS 

POWER SUPPLY: The power supply operates from a 110V AC source and is protected with a 
2 amp fuse. It provides (+5), (-15), and (+15) voltDCoutputs,andthe28voltsforthemodulation 
meter tamps. 

METER: This circuit card contains the audio amplifiers and peak detectors which drive the DC 
meters. Additionally, it provides the circuitry to drive both right and leh yellow peak flashers op­
erating in conjunction with the front panel mounted thumb wheels. It also provides the audio matrix 
of balanced and unbalanced outputs to the rear cabinet ports. Pilot reject f i lters are included on this 
circuit card which eliminate the 25 Hz pilot tone from the meters when making measurements of the 
left or right channel. 

AVC: The AVC circuit card controls the audio signal level allowing the audio signal to be used as 
an instantaneous indication of the modulation level. This card also contains the carrier level detector 
and ca~rier meter drive circuitry, along with the pilot detector and meter drive circuits. With the ex­
ception of the two yellow peak flashers, the five remaining flasher drivers are on the AVC panel: 

1) +125% envelope limit 
2) - 100% envelope 
3) L - R limit (measures recovered audio) 
4) Neg limit (combined overmodulation indicator) 
5) Pilot tone indicator 

DECODER: The decoder receives 450 KHz from the mixer circuit card, then detects and separates 
the envelope and (L - Alo signals which are sent to the AVC card. For test purposes it provides three 
detected outputs to rear cabinet ports: 

1) Envelope detector output 
2) In-phase detector 
3) L - R quadrature detector 

MIXER: The station RF signal is coupled to this panel via a link or antenna. It has a wide band 
front end which is switch programmed to the station frequency at the factory. 
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EXCITER BASIC CIRCUIT CARD FUNCTIONS 

Power Supply 

The POWER SUPPLY operates from a 11 7V AC, 60 Hz source and is protected with a 1.5 amp 
fuse. It provides (+5), (-15). and (+15) volt DC regulated outputs and - 24V DC unregulated for the meter 
lamps and front panel LED's. 

Audio-Equalization, Matrix (Day Card ) 

Th is unit receives the LE FT and RIG HT audio inputs and passes these signals through the HIGH 
and LOW FREQUENCY EQUA LIZATION sections, compensating for signal path differences in various 
transmitters. The signals then pass to the audio matrix circuitry that produces the L+R and L-R,I and Q 
signals. + and - limiting of these signals is provided and finally th is unit drives the front panel meters that 
display the re lative audio drive levels. 

Audio, Night, Processor (Night Card) 

This unit, when the FRONT PANEL SW ITC"' is in the N IGHT position receives the LEFT, and 
RIGHT audio inputs and passes these signals through the HIGH and LOW FREQUENCY EQUALIZATION 
sections, compensat ing for signal path differences in the NIGHT transmitter. L EFT and RIGHT audio 
signal DELAY from Oto 15 microseconds is also provided to compensate for both the DAY and NIGHT 
transmitter signal path delay differences. 

A PROCESSOR circu it to prevent single channel (LEFT or RIGHT audio signals only) operation 
causing undesirable transmitter problems is located on this unit. 

Encoder 

The encoder generates t he primary frequency of the station. It causes the carrier to be modulated 
with two "Q" signals (R + L)0 and (R - L)Q 90° out of phase. Limiters are provided to eliminate AM 
modulation. The source for the pilot frequency is located on this card . 

L + R Amplifier/ Sample Transmitter 

The L+R amplifier located on th is circu it card generates an output which drives the envelope 
rnodufation of the normal station transmission. It also originates a sample C-Quam t ransmitter signal which 
simulates the ful l transmitted stereo for the purpose of checking the monitor receiver. 

RF Amplifier 

The RF amplifier produces a variable high power phase modulated outpu t and a TTL level output 
which replaced the transmitter master oscillator. 

Bulk Delay Card (Not Shown) 

This unit supplements the L EFT and RIGHT audio signal DE LAY of the AUD IO, NIGHT, PRO­
CESSOR (N IGHT CARD) by providing four 8 microsecond delay sections for a total of 32 microseconds of 
additional delay. This unit is only added into the EXCITER when required. 

Audio Interface Card 

This circuit card mounted on the left side of the EXCITER provides the interconnections for the 
two 600 ohm attenuator pads that reduce the station's LE FT and RIGHT input audio (typically +10 dBm 
level fo r 100% modulation) by 16 dB before the signals reach t he balanced input TRANSFORMERS. 
Provisions for a RF t rap filter to be added to the LEFT and RIGHT audio input lines are provided when 
required. The ( L +R) 1 audio signal output transformer is also interconnected on this card. 
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MONITOR CIRCUIT CARDS 

EDGE CONNECTOR PIN IDENTIFICATION 

0 

z 
y 

X 
w 
V 

u 
T 
s 
R 

p 

N 

M 

L 

K 
J 

H 

F 

E 

D 

C 

8 

A / 

The monitor circuit card has 22 connectio ns on each side of t he card. When viewed from the rear, 
numerical contacts 1 through 22 are a lways on the right, and alpha contacts A through Z are always 
on the left as shown above. 

NOTE: The card pin outs are keyed to the socket. 

-CAUTION -

Be sure to reinsert cards oriented in the same position as they were removed. 

D17 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

D18 

EXCITER CIRCUIT CARDS 

EDGE CONNECTOR PIN IDENTIACA TION 

1 

A 

THRU 

THRU 

22 

z 

The exciter circuit card has 22 connections on each side of the card. When viewed as shown above, 
the alphabetical pin outs are always on the left and the numerical are on the right. 

- CAUTION -

Be sure to reinsert cards oriented in the same position as they were removed. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

) 

EXCITER ALIGNMENT 

NOTE: 

1. All adjustments are at 1 kHz unless specified 
otherwise. 

2. All adjustments are without equal ization. Set 
the following switches on the ( L +R Ampli f ier/ 

Sample Transmitter) as indicated. 

S301 and S304 switch lever up. 
S302 and S306 switch lever down. 
S303 and S305 switch lever to rear. 

3. Reset switches af ter alignment. 

AUDIO EQUALIZATION MATRIX CIRCU IT CARD (E2) 
-DAY CARD-

NOTE 4: Set all equalization switches on both day and night cuds to the out position. The process defeat switch S607 to defeat. and delay switches S608, S609 to zero. 
Turn both + limit and - limit controls full CCW. 

STEP INPUT SETTING AOJUST OUTPUT 
TEST 

FUNCTION BEING CHECKED/REMARKS EQUIP. 

1 Set Front Panel Night/Day Switch to Day Position 

2 L +R at Station Specific•• Front Panel Balance R783 Day Card TP1 and TP2 for Left and Right Audio Input Balance.± 0. 1 dB OVM, Osei!-
tion for 100% Modulation Equal Level (-8 dBm Typical) loscope and/ 
+10 dBm Typical or O istortion 

Analyzer 
3 L- R at 100% Modulation R320 Null at TP5 (L +R) 0 Matrix Null OVM, Oseil-

loscope and/ 
or Dirtortion 
Analyzer 

4 L +R at 100% Modulation R322 600 mV PP at TP5 (L+R)0 Signal Level DVM. Oscil-
loscope and/ 
or Distortion 
Analyzer 

4A* See Below 

5 L+R at 100% Modulation R334 Null at TP6 (L- R)0 Matrix Null DVM. Osei!-
loscope and/ 
or Distortion 
Analyzer 

6 L- R at 100% Modulation R337 600 mV PP at TP6 (l - R)0 Signal Level DVM, Oseil-
loscope and/ 
or Distortion 
Analyzer 

6A* See Below 

7 L- R at 100% Modulation R342 Null at TP7 ( L +R)1 Matrix Null DVM, Oscil-
loseope and/ 
or Dirtortion 
Analyzer 

8 L +R at 100% Modulation RJ44 600 mV PP at TP7 (L+R)1 Signal Level Sample Transmitter DVM Osei I-
loscope and/ 
or Distortion 
Analyzer 

BA* See Below 

9 L +R at 100% Modulation A378 1200 mV PP at TPB (L+R)1 Signal Level L+A Ampl,foer DVM, Osc,l• 
loseope and/ 
or Dirtortion 
Analyzer 

9A* See Below 

10 L +R at 100% Modulation A351 Meter Switch in L +R/ 100% Indication on L +R Front Meter Calibration 
Front Panel Meter Switch L- R Position Panel Meter 
L+R/L- A Position 

11 L- R at 100% Modulation RJ59 Meter Switch in L +R/ 100% Indication on L- R Front Meter Calibration 
Front Panel Meter Switch L-R Position 
L +R/L- R Position 

12 If your exciter contains both night/day cards proceed to Step 1 of Audio Night Processor Alignment If not, complete Steps 5 and 6 only. 

* + Limit Control 100% R781 Check for + Limiter Function + Limit Function, after Test Return to Fully DVM, Oscil• 
Modulation as Control is Turned CW CCW Position loscope and/ 

or Oistonion 
Analyzer 

- Limit Control 100% R782 Check for - Limiter Function - Limit Function, after Test Return to Fully OVM, Oscil• 
Modulation as Contro l is Turned CW CCW Position loscope and/ 

or Distortion 
Analyzer 

D19 
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Figure 1. 

-A UDIO NIGHT PROCESSOR CIRCUIT CARD (E6) 
- NIGHT CARD -

NOTE 5: Prior to this procedure the audio equalization matrix circuit card must be aligned and the switches set as indicated in Note 4 above. 

TEST 

STEP INPUT SETTING ADJUST OUTPUT FUNCTION BEING CHECKED/REMARKS EQUIP. 

1 L 100% Modulation Adjust R619 from Day to Night Day Card TPS Approx. Sets'ldentical Level for Left O Channel on Day DVM, Dscil-
Back & Fonh Until Levels are 300 mV PP and Night Cards loscope and/ 
Identical± 0.1 dB or Distonion 

Analyzer 

2 R 1001/, Modulation R622 - Same Procedure Day Card TPS Approx. Sets Identical Level for Right O Channel on Dey DVM, Oscil-
300 mV PP and Night Cards loscope and/ 

or Distonian 
Analyzer 

3 L 100% Modulation R611 - Same Procedure Day Card TP7 Approx. Sets Identical Level for LeftIChannel on Day DVM, Dscil• 
JOO mV PP and Night Cards loscope and/ 

or Oistonion 
Analyzer 

4 R 100% Modulation R625 - Same Procedure Day Card TP7 Approx. Sets Identical Level for Right I Channel 011 Day DVM. Oscil-
300 mV PP and Night Cards loscope and/ 

or Distortion 
Analyzer 

5 Front Panel Meter Switch L +R/L-R Position. R655 Fully CW. R662 Fully CCW. S607 to On Position (Handle Towards Connector End ol Cart!). 

6 L Only Input - Adjust R655 CCW Until Right Meter Just Processor Function 
Level for 65% Modulation Starts to Drop Below 65% 
on Both Meters Modulation Point 

ENCODER CIRCUIT CARD (E1) 
TEST 

STEP INPUT SETTING ADJUST OUTPUT FUNCTION BEING CHECKED/REMARKS EQUIP. 

1 None* C151 Sample Transminer Pon Sets Carrier Frequency Digital 
Counter 

2 Remove AC Power Plug From Source and Remove IC U102 From Its Socket 

3 None* * R135 and R205 Minimum RF at TPl 10 Oscilloscope 

4 Remove AC Power Plug From Source and Insert IC U102 Back in Its Socket 

5 L +R at Station Specilica- R123 Closure at TPl 10 Should Track Output at Sample Transminer J901 Oscilloscope 
tion for 100% Modulation 

6 LorRat10kHz T101 and T102 Maximum at TP110 and Assures Proper Ouam Bandwidth Oscilloscope 
Symmetry of Depth ol 
Trough (See Figure 1) 

7 L +R at 100% Modulation R158 4.0V PP at TPl 10 Oscilloscope 

8 L+R and L- R at R129 (L+R) and R200 (l-RI Sideband Amplitude at TPl 10, Sets Defined System Performance for C-Ouam Spectrum 
100% Modulation Repeat until L +R Spectrum = Analyzer 

L-R Spectrum 

9 L +R at 105% Modulation R782 - Limit Front Panel Until Audio Becomes Fuzzy at Sync Scope on TP102 Oscilloscope 
Pin 8, U105 (See Figure 2) 

10 L +R at 105% Modulation R155 and R205 Center Incidental Phase at Pin Sync Scope on TP102. Reduces Incidental Oscilloscope 
8, U105 (See Figure 31 Phase to Minimum 

11 L +A at 125% Modulation R782 - Limit Front Panel Until Phase Noise is Minimum Sync Scope on TP102 Oscilloscope 
at Pin 8, U105 

12 L +A at 125% Modulation Check for 95% or Greater Modu- Oscilloscope 
latinn in Trounh., TPI tn 

Front panel stereo/mono switch in mono position. 

D20 Front panel stereu/mono switch in stereo position, 0% modulation (no audio signal). 
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Figure 2. Figure 3. 

L+R AMPLIFIER/SAMPLE TRANSMITTER CIRCUIT CARD (E3) 

TEST 
STE INPUT SETTING ADJUST OUTPUT FUNCTION BEING CHECKED/REMARKS EOUIP. 

1 L +R Station Specification R902 Closure at J901 Should Track with TP110 Oscilloscope 
for 100% Modulation 

2 L +R Station Specification T901, T902 and C913 Maximum Output and Svme• The RF Sine Wave Should Be Clean Spectrum 
for 100¾ Modulation at try of Sidebands at J901 Analyzer 
40 kHz 

3 L +R Station Specification R93B 4.0V PP at J901 
for 100% Modulation 

4 L +R Station Specification L+R Adj (Front Panel) Per Stations Specified Output Test of tht L+R Amplifier DVM 
for 100% Modulation al R+L Rear Tem1inal Strip 

with 600 S1 Load. 

RF AMPLIFIER CIRCUIT CARD (ES) 

TEST 
STEP INPUT SETTING ADJ UST OUTPUT FUNCTION BEING CHECKED/R EMARKS EQUIP. 

1 Set R518 and R250 Fully CW Before AC is Applied 
2 Remove Input Drive, (2) BNC Connectors From RF Amplifier 

3 None R518 and R520 Fully CCW Add 10mA Total Current on Insures Drive Over Ambient Temperature Range Clip-On DC 
+15V Input Lead (5mA With Milliammeter 
Each Control) 

4 Replace (2) BNC Connectors on RF Amplifier 

5 Normal Encoder Drive R508 Symetry at J503 with a 50 n Slight Correction Only Oscilloscope 
Load 

6 Normal Encoder Drive R502 Maximum Rise Time With Will Vary with Zener Voltage. Note Zener Oscilloscope 
Minimum Ringing at J503 Value Selected per Station Requirement 

7 Normal Encoder Drive R502 and R508 Best Symetry and Minimum Sets TTL Output (If Required) Oscilloscope 
Ringing at TTL Output 
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EXCITER ALIGNMENT SWITCH LOCATION 

A LL SWITCHES SHOWN IN (OUT) POSITION 

HIGH FREQ 1/ Q 
LEFT (I) R IGHT RIGHT (0) LEFT . 

S607 

~ 
IN OUT 
(ON) (OFF) 

RIGHT 
i;=~~ ~ .---CHANNEL 

S609 

. " S608 
!0-i;....:z;;.;;.:;...;;:;.::_---,.,..,r.,-- (LEFT) 

·'. ~,~411 CHANNEL 

~ i ' 9.. ;s. 19 : ~ 

~;;,-~~~ 

l(J ~ rent.; 

AUDIO NIGHT PROCESSOR CIRCUIT CARD 

LEFT (1) RIGHT RIGHT (Q) LEFT 
HIGH FREQ 1/ Q I 

RIGHT LEFT 
LOW FREQ Q 

All SWITCHES SHOWN IN (OUT) POSITION 

AUDIO EQUALIZATION MA TRIX CIRCUIT CARD 
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MONITOR ADJUSTMENT AND ALIGNMENT 

DESCRIPTION OF SYSTEM OPERATION 

The sample transmitter output of the exciter is attentuated, then down converted to 450 kHz. 
The IF signal is decoded as two channels of audio. The envelope (L+R) and the quadrature (L-R) channels 
are the input to an AVC (automatic volume control) circuit. This circuit regulates the audio ampl itude so 
as to be in direct proportion to the modulation level, regardless of the RF level. 

The regulated envelope and quadrature signal are matrixed to produce the left and right audio signals. 

Two peak detectors with LED indicators monitor the envelope audio. One indicates-100%en­
velope modulation, and the other indicates +125% envelope modulation. An additional detector and 
indicator monitors the quadratu1 e audio for the "L-R limit" condition. The envelope audio and quadra­
ture audio are simultaneously monitored tor the "negative limit" condition. 

A set of pushbutton swi tches allow the left meter circuit to be driven by one of the following: 
+ ( L +R) audio, - (L +R) audio, +L audio, and -L audio. A peak indicator light circuit receives the same 
signal as sent to the meter circt it. The LED indicator is labeled "peak." A thumbwheel dial determines 
the percent of modulation at which this indicator will fire. 

--- ·---- -- -
A pushbutton attenuator with a 50 dB range is provided for each ·meter. 

The pilot signal, which i~ a part of the quadrature audio, is separated by a selective amplifier and is 
routed to a rear panel port. It is also detected by a PLL type detector circuit which turns on a pilot indica­
tor. An average value detector circuit enables the pilot level to be indicated at a front panel meter. 

The envelope audio is routed to an average value detector, which enables the carrier level to be indi­
cated at a front panel meter. This same meter is shared by the pilot level circuits, and the meter inputs are 
selected by a front panel toggle switch. 

The L, R, L+R (envelope), and L-R (quadrature) signals are avai lable at ports on the rear panel. 
The L and R signals are derived from the L+R and L-R signals by means of a matrix circuit t hat is separate 
from that used to derive the meter circuit inputs. 

See Drawing FD-M20 for an overall functional diagram of the system. 
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LOCATION OF CIRCUITS FOR SPECIFIC FUNCTIONS 

RF attenuator: A step attenuator is located on the back panel, and an attenuator pot is located on the 
front panel. 

Frequency conversion, station frequency to IF : M 17 panel. 

Decoding, IF to envelope and quadrature audio signals: M 16 panel . 

Pi lot Detection and Metering: M 10 panel. 

Audio matrixing, Land R outputs to rear panel : M11 panel. 

Carrier level circuits: M 10 

- 100% Mod. Indicator Circuit : M10 

+125% Mod. Indicator Circuits: M10 

L-R Limit Indicator: M10 

Negative Limit Indicator: M10 

Both Peak Indicators: M1 1 

Right and Left Meter Circuits: M11 

Pilot Rejection Circu its, for metering: M11 

INDICATOR AND METER CIRCUIT ADJUSTMENTS 

Initial calibration and adjustment of the meter circuits and the indicator circuits, require the M 10 
and M11 panels only. The M16 and M17 panels should be pulled loose from t heir sockets. 

- A- bias supply, a 680 ohm resistor, a 1000 uF coupling capacitor, an audio oscil lator, and an oscillo· 
scope should be connected per Figure 1. The bias supply is set to - 1 volt, and input through the resistor 
to the envelope detector port on the back panel. The 1000 uF capacitor provides DC isolation so that a 
1000 Hz audio signal may be input to the same port. The adjustments alsci require audio input into the 
L-R detector port. 

All trimpots on both M10 and M11 panels should be set to center travel before beginning the align­
ment procedure. Card extenders will be necessary to get access to the adjustments. 

BNC to terminal post adapters would be useful to set up the circuit connections called for in 
Figure 1. 

AVC ADJUSTMENT (M 10 PANEL) 

Connect the test circuit called for in Figure 1. Locate the components by referring to the circuit 
card layouts in the service manual. 

1. The bias supply and audio generator should be off. S101 is set open. Observe U104 pin 8 for DC 
voltage. Adjust L+R zero (R135) to obtain O volts DC. 

2. With bias supply off ~_nj the generator off, and S101 closed, observe U 104 pin 8 for DC voltage. 
·Adjust L +R null ( R 133) to obtain O volts DC. 

D24 
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3. Repeat 1 and 2 to overcome interaction effects. 

4. With the bias supply and the audio generator off, and S101 open, observe U 106 pin 1 for DC 
voltage. Adjust L-R zero (R134) to obtain O volts DC. 

5. With the bias supply and the audio generator off, and S101 closed, observe U106 pin 1 for DC 
voltage. Adjust L-R nul I ( R 132) to obtain O volts DC. 

6. Repeat 4 and 5 to overcome interaction effects. 

7. With the bias supply on, the audio generator off, observe U105 pin 8 (offset amp). Adjust R252 
( L +R +/- Balance) for O volts DC. 

8. Adjust R246 such that the .DC voltage at S101 center lead is - 4 volts. 

CARRIER CIRCUIT ADJUSTMENT (M 10 PANEL) 

S806 is the toggle switch on the front panel. It selects the input (DC) to the center meter (M803). 
With the hand le to the right, the meter will indicate carrier level. 

1. Set S806 to read carrier level. Set bias supply at - 1 volts and the audio generator off. Observe 
meter M803 and adjust R245 (carrier set). The meter is adjusted to read at the center mark. 

2 . Set the bias supply at -1 .2 volts. The aud io generator is off. Observe meter M803. Adjust R260 
(carrier gain) to get an indication of +20% on meter M803. 

3. Return bias supply to -1 volts. 

FRONT PANEL METER ADJUSTMENT 

1. Left Meter 

The left meter is able to monitor 4 signals through push button selection. These are L +R, 
-( L+ R), L, and -L. Set the push buttons to monitor L+R. 

Turn the bias supply on and set to - 1 volts (see Figure 1 ). Turn the audio generator on at an 
amplitude of 2 volts peak to peak. The oscilloscope monitoring the envelope detector port, should 
be in the DC mode. The positive loops of the observed signal should be just touching the O volt 
line. ·Adjust the audio generator to obtain this condition. See Figure 2. 

Observe the left meter M801. Adjust R817 such that M801 reads 100%. R817 is located on 
the left push button panel (M 13). See Drawing F D-M20 for the electrical function of R817. It is 
located near S801 on the drawing. 
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Now that the left meter has been adjusted, it will be used to set the amplitude of the audio 
generator (see Figure 1) in many of the steps that fol low. 

For the adjustments that follow, the bias supply will be on and at - 1 volts. The audio genera­
to, will be on and adjusted µer tile rn,H.Ji11ys on Ille lel l 11wle1 (M801 ). Heier lo Figure 1 for the 
connections. 

2. L+ R Channel vs L- R Channel Gains on the M10 Panel 

Set the audio generator such that M801 reads 100%. Observe U104 pin 8 with the oscillo­
scope, and note the amplitude. Observe U106 pin 1 and set R247 ( L-R) for an equal amplitude. 

3. Right Meter 

The right meter is able to monitor four signa ls through push button selection. These are L-R, 
-(L-R), R, and - R. Set the push buttons to monitor L-R. 

Set the audio generator to 100% as indicated by the left meter (M801 ). The bias supply is on. 
Adjust R818 such that the right meter (M802) reads 100%. R818 is mounted on the right push 
button panel (Ml 2). See Drawing FD-M20 for the electr ical function of R818. 

INDICATOR LIGHT ADJUSTMENTS 

1. - 100% Modulation Indicator 

The -100% modulation indicator should turn on as the audio generator output (Figure 1) 
is increased, and the left meter (M801) indicates 100% or greater. If this does not happen, observe 
the waveform at U 104 pin 8. The oscilloscope display should be in DC display mode. When the 
left meter indicates 100%, the waveform at U104 pin 8 should be as shown in Figure 3. If the 
negative waveform loops do not touch the O volts line, then adjust R133 of panel M10 (L+R null). 
The waveform will be displaced vertically, and will change in amplitude. Adjust until the loops 
touch the O volt line as shown in Figure 3. 

Readjust the left front meter per the method given under "front panel meter adjustments." 
Readjust the r ight front meter also. 

2. 125% Modulation Indicator 

0 26 

Adjust the audio generator until the left meter indicates 125%. Adjust R255 of panel M10 
until the indicator turns on at this audio level. 

With the multi-turn pots, it may be easier to adjust the audio level upward until the indicator 
first turns on, and note the meter indication. Adjust the trim pot, drop the audio level, and bring 
up again. Note the new meter indication where the indicator light turns on. Readjust the pot. 
Repeat this procedure unti l the indicator tu rns on at 125% as indicated by the left meter. 
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3. L-R Limit Indicator 

Adjust the audio generator until the right meter indicates 100%. Adjust R256 of panel M10 
until the indicator turns on at this level. 

4. Negative limit Indicator 

Adjust the audio generator until both the left and right meters read 90%. Adjust R258 of 
panel M10 until the indicator turns on at this level. 

5. Left Peak Indicator 

The left peak indicator monitors the same signal as is switched to the left meter circuit. The 
percent of modulation at which the indicator will flash is set by the left thumbwheel dial. Set the 
dial to 100. Adjust the audio to read 100% on the left meter. Adjust R402 of panel M 11 until the 
indicator turns on at this level. 

6. Right Peak Indicator 

The right peak indicator monitors the same signal as is switched to the right meter circuit. 
The percent of modulation at which the indicator will flash is set by the right thumbwheel dial. 
Set the dial to 100. Adjust the audio to read 100% on the right meter. Adjust R413 on panel M11 
until the indicator turns on at this signal level. 

7. Pilot Level Meter 

Set the audio generator to a frequency of 25 Hz. The accuracy of the frequency should be 
within 1 Hz. The front panel toggle switch (S806) handle should be placed to the left. The right 
meter pushbuttons are set to read L-R on the 10% range. Set the audio generator amplitude such 
that the meter reads a modulation level of 5% or -26 dB. R259 of panel M10 should be adjusted 
to the center of its travel. Adjust R225 of panel M 10 such that the center meter indicates within 
the wide mark at the left of the meter. If fine adjustment is required, R259 may be used. 

8. Pilot Presence Indicator 

The input conditions are the same -as in 7. Pilot detection is accomplished by means of a PLL 
circuit. Adjustment is accompl ished by tuning the VCO with R230 of the M10 panel. The pilot 
indicator light will flash at a decreasing rate as the VCO is tuned closer in frequency (25 Hz). It 
will remain on constantly when the VCO is on frequency. It is a good practice to tune on through 
the frequency, and return to locate the best setting of R230. 

027 
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PILOT REJECTION CIRCUITS (METER CI-RCUITS) 

1. L~ft Pilot Rejection Circuit 

2. 

The left pilot rejection circuit is tuned by R325 of panel M11. This circuit rejects the 25 Hz 
pilot from the meter ci_rcuit input when the push buttons are set for L or -L input. The input 
conditions are the same as described in the section 7 "Pilot Level Meter." However, the audio 
generator connection to the " L-R detector" port shown in Figure 1 should be removed. Null the 
indication on the left meter. 

Right Pilot Rejection Circuits 

The right pilot rejection circuit is tuned by R363 on panel M11. Th is circuit rejects the 25 Hz 
when the push buttons are set for a R or - R input. The input conditions are the same as described 
in the section 1 "Left Pilot Rejection Circuit." Null the indication on the right meter. 

The circuits per Figure 1 should be disconnected at this time. 

MIXER PANEL ADJUSTMENTS (M17) 

The mixer panel provides down conversion from the station frequency to 450 kHz. A test signal 
should be input to the rear panel RF input port from the sample transmitter in the exciter unit. 

The rear panel attenuator and the front panel attenuator pot should be set for a 100 millivolt peak 
to peak signal (unmodulated) at the edge connector contact 8 of panel M 17. 

1. L.O. Frequency 

2. 
I 
I 

028 

The L.O. frequency is derived by a PLL circuit programmed to the correct frequency by the 
setting of S701. S701 is an 8 section DIP switch whose sections are numbered 1 to 8 starting at 
the end toward the edge connector. The "1" condition of each switch is with the end toward U702 
and U703 depressed. The switch section numbers are printed on the switch body. To tune the L.O. 
for a given station frequency , set the individual switch sections as listed in Table 1. 

L.O. Tuning 

Connect M 17 through a card extender to its socket. Set switch S701 per Table 1. Check t he 
local oscillator frequency (see Table 1) by sampling with a counter at U704 pins 14 or 15. Adjust 
the trim cap C710 to bring the L.O. to correct frequency. 
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3. Coil Tuning 

Ooserve the waveform at 0704 emitter. Tune L701 and L703 for maximum amplitude 
of the observed signal. 

The conversion gain through the mixer panel should be nominally 1. 

DECODER PANEL ADJUSTMENT (M16) 

Warning: A decoder panel first being placed in service should have R501 set at the middle of its travel. 

The waveforms are most conveniently observed at an audio rate using the external sync mode. The 
external sync input of the scope wou Id be connected to the source driving the exciter unit input . 

Set the audio modulation frequency at 1000 Hz. The decoder panel is connected to its socket by 
a card extender. 

1. Envelope Detector 

A. Coil Tuning 

An input signal from the mixer (450 kHz) should have a peak to peak amplitude of 
1 00mV (unmodulated). This would be observed at contact W of the edge connector. 

Tune L502 and L501 to maximize the waveform at R509 or R510. 

B. Limiter Adjustment 

Provide 75% envelope modulation at the exciter. Observe the waveform at U510 pin 6 
and pin 7. See Figure 4. Adjust R505 such that the indentations at the top and the bottom of 
the waveforms are equal. 

C. 900 kHz Trap at Envelope Detector 

L503 is tuned while observing the waveform at pin 6 or pin 12 of U505. Tuning is for 
minimum RF. Observe while synced to the modulation frequency. Use 75% envelope modula­
tion. 

D. Envelope Detector Balance 

The envelope detector balance R503 is adjusted during the adjustment of the quadra­
ture output, and is left at center adjustment at this time. 

E. Final Tuning of the Band Pass Coils 

L502 and L501 on the M16 panel should be final tuned using an audio meter attached 
to· the L +R output port on the back panel. The exciter input should be 75% envelope modula­
tion. The coils are adjusted for maximum output. 
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2. Quadrature Detector 

D30 

Output from the quadrature detector (U509) requires the operation of two closed loop func­
tions. One of the functions is the P LL (phase lock loop) circuit which locks on the 450 kHz IF 
signal. This PLL circuit provides the 450 kHz switching signal necessary to the operation of the 
quadrature detector (U509) and the inphase detector (U508). 

A. PLL Loop Description 

The switching signal is derived from a 3.6 MHz VCO which is counted down to 450 kHz 
by U513 and U512. The U512 Johnson Counter provides a 90 degree phase relation between 
the switching waveforms applied to the quadrature detector and the inphase detector. The 
quadrature detector acts as the phase detector of the P LL loop. One input is the IF signal 
(450 kHz) received from the "divider" circuit (U501 and U502) and the other input is the 
synchronous switching signal received from the VCO by means of the counters U512 and 
U513. Any variation of the phase between the signals results in a DC shift at the output of 
the phase detector at U504 pin 8. T his DC shift is coupled through the Pl-L loop filter (U504 
pin 14) to correct the VCO frequency by means of the varactor D503. 

B. Corrector Loop Description 

The "divider" circuit (U501 and U502) is so named because the IF input amplitude is 
divided by the amplitude of the voltage applied at pins 2 and 4 of U501, to produce the cur­
rents through R544 and R545 (pins 1 and 5 of U502). See Figure 5. 

The basic action of the divider circuit is to modify the IF amplitude before it is applied 
to the inphase detector or the quadrature detector. When the corrector loop is closed and 
operating, the output of the inphase detector is made to match the output of the envelope 
detector. The output of the two detectors are compared by means of the comparitor consist­
ing of U506, U507, 0511 and 0512. T he comparitor output is conducted by means of 0510 
to the control input (pins 2 and 4 of U501 ) of the divider. 

The amplitude correction performed by the divider circuit enables the quadrature detect­
or to recover the correct L-R audio. 

C. "New" Panel Alignment 

The steps that are described in this section apply to a new (replacement) panel and some 
steps may be unnecessary when just retuning a panel already in service. 

D. PLL Operation 

Before any adjustments of the corrector loop are possible, the P LL must be operating. 
Wrong settings of the envelope detector balance (R503), the quadrature balance (R504) or 
the control limiter pot (R501) can cause the PLL to fail to lock on frequency. 
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The most reliable indication that the P LL is operating and is locked on frequency is to 
test pin 14 of U504. Pin 14, U504 should be holding a constant voltage between 3 and 8 volts. 
There should be no ripple. A very obvious indication of lack of lock is to observe a running 
waveform, not synced to the modulation freq on the L-R output from the panel (M16 edge 
connector contact P). 

The following steps may be necessary to bring the PLL into lock initial ly. 

1. Adjust R501 (control limit pot) so that pin 2 and 4 of U501 is at - 3 volts. The post 
in common with the emitter of 0510 provides a convenient test point. This insures that 
the divider circuit is passing IF signal to the quadrature detector. 

2. Adjust R504 (quadrature detector balance) to reduce the beat frequency output of the 
quadrature detector until the PLL latches. Use an unmodulated signal. 

E. Corrector Loop Operation 

Assume R501 (control line limit pot) has been set per Section D. U501 pin 2 is at or 
near - 3 volts. R503 (Envelope Detector Balance) should be near the center of its travel. The 
RF input to the panel should be approximately 170 millivolts peak to peak with 75% envelope 
modulation. 

1. Control Line Limit Pot, Initial Adjustment 

Observe 0510 emitter (test post) with an oscilloscope in DC display mode. (Same as 
U501 pins 2 and 4). Adjust R501 control line limit pot so that the observed voltage 
moves negative. The waveform shown in Figure 6 s_hould soon appear, and the test point 
voltage (0510 emitter) will no longer change as the pot is adjusted. The points of the 
waveform ( Figure 6) may point down as shown or may point up. Discontinue adjustment 
of R501. 

2. Envelope Detector Balance 

Adjust R503 (Envelope Detector Balance) so that the points in the waveform on 
0510 null. 

3 . Quadrature Detector Balance 

Apply audio to the exciter such that only L-R modulation is present. Observe the 
waveform at the 0510 emitter. The waveform will probably be as shown in Figure 7 A. 
Adjust R504 (Quadrature Detector Balance) such that the waveform is as shown in 
Figure 78. 

4. 900 kHz Trap at Quadrature Detector 

L505 is tuned while observing the waveform at pin 6 or pin 12 of U509. Tuning is 
for minimum RF. Use 75% L- R modulation. 

D31 
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5. 900 kHz Trap at lnphase Detector 

L504 is tuned while observing the waveform at pin 6 or pin 12 of U508. Tuning is 
for minimum RF. Use 75% envelope modulation. 

6. Control Line Limit, Final Adjustment 

Apply 80% L only modulation at the exciter. The 0510 emitter waveform wil l 
probably look as shown in Figure 8. Adjust R501 (control line limit pot) such that the 
clipping of the negative loops no longer occurs. 

Warning: The control line voltage (0510 emitter) must not reach a value near - 7 volts. 
See Figure 5 and note the dotted line area near -7 volts. The corrector loop may lock up. 
R501 must be adjusted to prevent the control line from reaching this area. The pot 
setting should be such that limiting occurs on the control line just above the loop lock 
point. 

7. Envelope Detector Balance. Final Adjustment 

Adjust R503 such that the distortion as measured at the L-R rear panel port is 
minimum and equal with either 50% L only modulation or 50% R only modulation. 
Repeat the adjustment in "6" above if required. 

8. PLL Loop Pilot Signal Rejection 

The PLL loop includes special filtering to keep 25 Hz signal off the varactor control 
line. A selective amplifier (U504 pin 1) samples the 25 Hz pilot on the L-R output. 
This signal is then injected out of phase into the loop filter. The resulting effect is to 
nu ll the 25 Hz signal on the varactor control line (U504 pin 14). Adjust as follows: 

Observe the waveform on U504 pin 1. Apply the pilot but no other modulation. 
Adjust R502 to maximize the 25 Hz signal. 

Observe the waveform at the junction of R572, R573, and R574. Adjust R571 
to null the 25 Hz pilot signal at this point. 

DECODER PANEL. AVC PANEL MATCHING 

Interconnection of the decoder panel (M16) with the AVC panel (M10) requ ires adjustment of 
R133 (L+R null). R247 (L-R gain) and R132 ( L- R null) on panel M10. Adjust the rear and front panel 
RF attentuators such that the carrier meter indicates O (center). 

1. L+R Null (R133 of panel M10) 

032 

Observe the waveform at U104 pin 8 with the oscilloscope in DC display mode. Modulate the 
envelope at 100%. Adjust R 133 such that the waveform negative loops touch and O volt line as 
shown in Figure 3. The left meter with the push buttons set to read +(L+R) modulation should 
now read 100%. The - 100% modulation indicator should be on as should the negative limit in­
dicator. 
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3 Kl 
L AUDIO 

N3~ 
NI 14 

e I 

I 
I 
I 

EXCITER 
I 
I 
I 

AUDIO NIGHT PROCESSOR (NIGHT) I 
I 

SC-E6-E I 
I 

© MOTOROLA INC. FEB. 1984 I 
I 

D=DELAY 
ND= NO DELAY 

12&N,3&C,D&4 f------<)+ISV 

l&A,268,22 f-------OGND 

56E,6&F,21&Y f-------<)-15V 

R666 

806 
I¾ 

I 
I 

6 I 
R AUOIO N6 

N2 
7 I 

,~ ... •~~ 
P6-13,P 9 

JU67 

P6-ll,L 

R653 

0602 
20K 

8 0603 111154 

IOK 
+15V 

3 R656 
R6!15 2 
tOOK 

I 
390K 

-=-

C630 

.018 

R667 R668 
5% 

606 606 
C629 C634 

16800 1.oo, 
5% !1% 

C642 

.018 
R678 R679 R630 5% 

806 606 806 
lllf:T ~--+--'V'vv--~--",'h--+--'\M-..-----"i 

w. C641 IC643 
I6800PF .001 

5% 5% 

8 USEC 

I 
R602C 

lK 
3 

R603 
47 

.01 C60!1 I 

Rlll2 
47 

S608 

S609 

HI-FREQ. 
EQUALIZATION 

C607 

GAIN 
.022 3 ADJ. 

2 

R689 
IK 

R6to 
3.9K 

1
C604 

HI-FREQ. 
EQUALIZATION 

C619 

GAIN 
3 ADJ. 

R691 2 
IK 

• 
R692 
3.9K 

-=-

.. I
C661 

R659 0601 

C627 + 
IMF 

R660 
820K 

C634 

1
C633 

C645 

4 USEC 

K2 

N19~ 
Nl3 l4 

8 

N20~ 
Nl4 7 

I I 
I 

P6-14,R1tr]~ 

P6-13,P 9 

+l!IV 

0604 

R663 

3.3K 

S607 
PROCESS 

l-
DEFEAT 

S608 

12 

R672 

221 ,.,,, 

S609 

12 

R684 

DELAY 
SECTIONS 
(SEE NOTE2) 

L1N 
P6-17,U 

C628 
I 

R685 

R613 
IDK 

LOW FREQ. 
EQUALIZATION 

14 

R606 
20K 
C612 

2.2 

I 

R615 
IOK 

2.2 

I 
r ...J 

R607A 2 
50K 

3 

R608 
IOK 

-=-

U604 

+ISV 

11664 R665 
R 1NW 

750 750 Pl- 19,W 

L OUTTO ROUT TO 
AUDIO AUDIO 

P6-V,18 P6-X,20 

RIM7 
24K R616 

I.IK 

R610 
24K 

R609 
l,IK 

NO 
S601 

TP-1 

GAIN 
ADJ. 

Nl7 JU-61 13 

D-fu~ 
~K3 

L....--,1-<J>-U6~ 

I 

GAIN 
ADJ, 

I R624 

TP-2 
ND 
S602 

Nl8 

NII R623 

'-----<lJ>-U~ P6-~~ 

I P6-l3,P;:J_JU 

NOTES: 

t. SWITCHES 5608 AND S609 DRAWN IN 
"o" BINARY MODE HEXADECIMAL. 

2. DELAY SECTION LEFT ANO RIGHT ARE 
CONNECTED BY WIRES IN PLACE OF LEFT 
JUMPERS JU-61,62 a 65,ANO JUMPERS 
JU-63,64 a 66-
AS REQUIRED-FOR DELAY IN 

K4 

A. DAY BOARD ONLY: USE JU-61(LEFT) a JU63(RIGHT) 
8. NIGHT BOARD ONLY: USE JU-65(LEFT) 6 JU66(RIGH 
c. BOTH DAY 6 NIGHT BOS: USE JU-62(LEf'T) a JU64(R 

3 ,----,r>--------------------..,2 
5608 

14 

C636 
4 

IOO 
I¾ 

3 

S609 
14 

C649 
4 

R686 

221 

1
C647 

2 USEC 

R676 R677 

100 100 

lC640 

C638 

1
C639 

S608 

L....--+---' C655 

7 -t5V 

~~,-:;•s=-------➔ R~~T 
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REC# AS ID PN VAL X TYPE DESCR 
( 

1 D701 48088245C04 .0000 DIODE LED RED 
2 0702 48-88245C09 . 0000 DIODE LED YELLOW 
3 0703 48-88245C06 . 0000 DIODE LED GREEN 
4 M701 591C42-20B . 0000 METER PANEL MODULATION 
5 M702 591C42-20B .0000 METER PANEL MODULATION 
6 S701 57005-03 . 0000 SWITCH DPDT ROCKER 
7 S702 07-A-108 .0000 SWITCH PB DPDT 2 SECT SHAD. 
8 S703 SWITCH PB DPDT ATT. S702 
9 S704 07-A-109 .0000 SWITCH PB DPDT 2 SECT SHAD . 

10 S705 SWITCH PB DPDT ATT. S704 
11 ETB R551 EMF-1/4-249 249 . 0000 RESIST l/8W U SOPPM 
12 ETB R552 EMF-1/4-249 249 . 0000 RESIST l/8W 1% SOPPM 
13 ETB R553 EMF-1/4-249 249 . 0000 RESIST l/8W 1% 50PPM 
14 ETB R554 EMF-1/4-249 249 . 0000 RESIST l /8W 1% SOPPM 
15 ETB R555 EMF- 1/4-113 113. 0000 RESIST 1/8W 1% 50PPM 
16 ETB R556 EMF-1/4-113 113. 0000 RESIST l/8W 1% SOPPM 
17 ETB T701 67F5848 5.0000 K TRIMPOT CERMET 25T 
18 ETB T702 67F5848 5.0000 K TRIMPOT CERMET 25T 
19 ETB T703 M47A258A .0000 TRANNSF AUDIO 600 OHM MARVEL 
20 ETB T704 F-54X .0000 TRANSF POWER TRIAD-UTRAD 
21 El ClOl 21K865440 180.0000 P CAP MICA 5% 300V OMS 
22 El Cl02 23-11019A46 100.0000 U CAP L YTIC 25V 
23 El Cl03 8Sll017A14 .0470 U CAP MYLAR 50V 5'.t 
24 El Cl04 21K865440 180. 0000 P CAP MICA 5% 300V OMS 

( 25 El Cl05 21-84494B41 24.0000 P CAP MI CA 5% 300V OMS 
26 El C106 21R40020S03 .1000 U CAP CERAMIC 50V 20% ZSU 
27 El Cl07 21R40020S03 .1000 U CAP CERAMIC 50V 20'.t ZSU 
28 El C108 21R40020S03 • 1000 U CAP CERAMIC 50V 20% ZSU 
29 El Cl09 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
30 El CllO 21R40020S03 .1000 U CAP CERAMIC SOV 20% Z5U 
31 El Clll 21R40020S03 . 1000 U CAP CERAMIC 50V 20% ZSU 
32 El Cll2 21082133G03 100. 0000 P CAP DISC 500V 5% N750 
33 El Cll3 21D82133G03 100.0000 P CAP DISC 500V 5% N750 
34 El Cll4 21082133G03 100.0000 P CAP DISC 500V 5% N750 
35 El Cll5 21082133G03 100. 0000 P CAP DISC SOOV 5% N750 
36 El Cl16 21D82133G03 100.0000 P CAP DISC 500V 5% N750 
37 El Cl17 21D82133G03 100.0000 P CAP DISC SOOV 5% N750 
38 El Cl18 . 21082133G03 100.0000 P CAP DISC 500V 5% N750 
39 El C119 21082133G03 100. 0000 P CAP DISC 500V 5'.t N750 
40 El Cl20 CY2-027PT 335.0000 U TUN . CAP TUNING DUAL 
41 El Cl25 21R40020Sl4 .4700 U CAP CERAMIC 100V 20% ZSU 
42 El Cl26 21R 40020S 14 .4700 U CAP CERAMIC 100V 20% ZSU 
43 El Cl30 * 30.0000 P CAP MICA 5% 300V OMS 
44 El Cl31 21-84494B41 24.0000 P CAP MICA 5'.t 300V OMS 
45 El C132 8D82905Gll .2200 U CAP MYLAR 50V 10% 
46 El Cl35 8Sll017A03 .0022 U CAP MYLAR 50V 5% 
47 El Cl36 8-11017Al 7 . 1000 U CAP MYLAR 50V 5% 

Cl37 8-11017Al 7 .1000 
~ 

MYLAR 50V 5% 48 El U CAP 
49 El Cl38 8-11017Al 7 .1000 U CAP MYLAR SOV 5% 
50 El C139 8-11017A17 .1000 U CAP MYLAR 50V 5% 

( 51 El Cl40 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 52 El Cl41 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
53 El C143 8D82905Gll • 2200 ..... U CAP MYLAR 50V 10% 
54 El Cl44 8D82905Gll .2200 U CAP MYLAR 50V 10% 
55 El C145 8D82905Gll .2200 U CAP MYLAR 50V 10% 
56 El Cl46 21082187808 220.0000 P CAP DISC lKV 10% Z5F 

c • 
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57 El Cl47 GXB18000 18. 0000 P TRIMCAP 6-18 PFD 
58 El ClSO 8S11017Al4 .0470 U CAP MYLAR 50V 5% 
59 El Cl 51 81F3650 18. 0000 P TRIMCAP 5. 5-18 PFD 
60 El Cl52 * 33.0000 P CAP MICA 5% 300V OMS 
61 El C155 21D82133G03 100.0000 P CAP DISC 500V 5% N750 
62 El Cl56 21D82133G03 100.0000 P CAP DISC 500V 5% N750 
63 El Cl57 21R40020S14 .4700 U CAP CERAMIC lOOV 20% Z5U 
64 El Cl58 8-11017A08 .0100 U CAP 5% 
65 El Cl59 21R40020S03 .1000 U CAP CERAMIC 50V 20% ZSU 
66 El Cl62 21R40020S14 • 4 700 U CAP CERAMIC 100V 20% ZSU 
67 El Cl63 23084908S01 2.2000 U CAP LYTIC ALU 50V NONPOL 
68 El DlOl 1N4148 .0000 DIODE SIGNAL ITT 
69 El Dl02 1N4148 .0000 DIODE SIGNAL ITT 
70 El D103 1N4148 . 0000 DIODE SIGNAL ITT 
71 El 0104 1N4148 .0000 DIODE SIGNAL ITT 
72 El Dl05 1N4148 .0000 DIODE SIGNAL ITT 
73 El Dl06 1N4148 .0000 DIODE SIGNAL ITT 
74 El 0107 1N4148 .0000 DIODE SIGNAL ITT 
75 El D108 1N4148 .0000 DIODE SIGNAL ITT 
76 El QlOl 48R00869878 .0000 TRANSIST FET 9878 
77 El Q102 48R00869570 .0000 TRANSIST NPN 9570 
78 El Ql03 48R00869571 .0000 TRANSIST PNP 9571 
79 El 0104 48R00869571 . 0000 TRANSIST PNP 9571 
80 El 0105 48R00869570 . 0000 TRANSIST NPN 9570 ( :) 81 El 0106 48R00869570 .0000 TRANSIST NPN 9570 t •• , 

82 El Ql07 48R00869570 .0000 TRANSIST NPN 9570 
83 El ·0108 48R00869571 .0000 TRANSIST PNP 9571 
84 El Ql09 48R00869570 .0000 TRANSIST NPN 9570 
85 El QllO 48R00869570 . 0000 TRANSIST NPN 9570 
86 El 0111 48R00869571 . 0000 TRANSIST PNP 9571 
87 El 0112 48R00869571 .0000 TRANSIST PNP 9571 
88 El 0113 48R00869878 .0000 TRANSIST FET 9878 
89 El Ql14 48R00869570 .0000 TRANSIST NPN 9570 
90 El 0115 48R00869570 .0000 TRANSIST NPN 9570 
91 El RlOl 6S11009C97 100.0000 K RESIST FCF 1/4W 5% 
92 El R102 6Sl 1009C25 100.0000 RESIST FCF l/4W 5% 
93 El Rl03 6Sl 1009C49 1.0000 K RESIST FCF 1/4W 5% 
94 El R104 6Sl1009C73 10.0000 K RESIST FCF l/4W 5% 
95 El R105 6Sl 1009C87 39.0000 K RESIST FCF 1/4W 5% 
96 El R106 6Sl1009C19 56.0000 RESIST FCF l/4W 5% 
97 El R107 6Sll009C19 56.0000 RESIST FCF 1/4W 5% 
98 El R108 6Sl 1009C09 22.0000 RESIST FCF 1/4W 5% 
99 El R109 6Sl1009C09 22.0000 RESIST FCF l/4W 5% 

100 El RllO 6Sl1009C37 330.0000 RESIST FCF l/4W 5% 
101 El Rl 11 6S11009C 19 56.0000 RESIST FCF l/4W 5% 
102 El Rll2 6Sl 1009C 19 56.0000 RESIST ~FCF l/4W 5% 
103 El Rll3 6Sl 1009C09 22.0000 RESIST FCF l/4W 5% 
104 El 'Rll4 6Sl 1009C09 22.0000 RESIST FCF l/4W 5% 
105 El R115 6S11009C37 330.0000 RESIST FCF l/4W 5% 
106 El Rll6 6S11009C46 750.0000 RESIST FCF 1/4W 5% 
107 El R117 3006P-001-101 100. 0000 TRIMPOT CERMET 15T 
108 El Rl18 6Sl 1009C41 470.0000 RESIST FCF. 1/4W 5% 
109 El R119 6Sl1009C49 1.0000 K RESIST FCF l/4W 5% 
110 El Rl20 6Sll009C51 1.2000 K RESIST FCF l/4W 5% 
111 E 1 Rl21 6S11009C59 2.7000 K RESIST FCF l/4W 5% 

E2 
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112 El Rl22 6Sl 1009C43 560.0000 ' RESIST FCF 1/4W 5% 
113 El R123 3006-1)01-102 1.0000 K TRIMPOT CERMET 1ST 
114 El Rl24 6Sl1009C71 8.2000 K RESIST FCF 1/4W 5% 
115 El Rl25 6Sll009C43 560.0000 RESIST FCF 1/4W 5% 
116 El Rl26 6Sll009C25 100.0000 RESIST FCF l/4W 5% 
117 El Rl27 6Sl1009C25 100.0000 RESIST FCF 1/4W 5% 
118 El . R128 6Sl 1009C46 750.0000 RESIST FCF 1/4W 5% 
119 El Rl29 3006P-001-101 100.0000 TR,IMPOT CERMET 1ST 
120 El R130 6S11009C51 1.2000 K RESIST FCF 1/4W 5% 
121 El R131 6Sl1009C41 470.0000 RESIST FCF 1/4W 5% 
122 El R132 6Sl1009C49 1. 0000 K RESIST FCF 1/4W 5% 
123 El Rl33 6Sl 1009C81 22.0000 K RESIST FCF l/4W 5% 
124 El R134 6Sl1009C33 220.0000 RESIST FCF 1/4 W 5% 
125 El R135 3006P-001- 10 t 100.0000 TRIMPOT CERMET 15T 
126 El R136 6Sl 1009C41 470.0000 RESIST FCF 1/4W 5% 
127 El Rl37 6S11009C81 22.0000 K RESIST FCF l/4W 5% 
128 El Rl 38 6Sll009C33 220.0000 RESIST FCF 1/4 W 5% 
129 El Rl39 6Sl 1009C25 100.0000 RE.SI ST FCF 1/4W 5% 
130 El Rl40 6S11009C25 100. 0000 RESIST FCF 1/4W 5%. 
131 E 1 R141 6Sll009C63 3.9000 . K RESIST FCF 1/4W 5% 
132 El Rl 42 6S11009C63 3.9000 K RESIST FCF 1/4W 5% 
133 El Rl44 6S11009C73 10. 0000 K RESIST FCF 1/4W 5% 
134 El Rl46 6S11009C65 4.7000 K RESIST FCF 1/4W 5% 
135 El R147 6Sl 1009C37 330.0000 RESIST FCF 1/4W 5% 

( 136 El R148 . 6Sl1009C59 2.7000 K RESIST FCF 1/4W 5% 
137 El Rl49 6Sl 1009C37 330.0000 RESIST FCF 1/4W 5% 
138 El R151 6Sll009C47 820.0000 RES I ST FCF l/4W 5% 
139 El Rl52 6Sl1009C59 2.7000 K RESIST FCF l/4W 5% 
140 El Rl53 6Sl 1009C57 2. 2000 K RESIST FCF 1/4W 5% 
141 El Rl 54 6Sl 1009C 17 47.0000 RESIST FCF 1/4W 5% 
142 El Rl55 3006-001-102 1.0000 K TRIMPOT CERMET 1ST 
143 El Rl56 6S11009C59 2. 7000 K RESIST FCF 1/4W 5% 
144 El Rl57 6S11009C57 2.2000 K RESIST FCF l/4W 5% 
145 El Rl58 3006P-001-502 5.0000 K TRIMPOT CERMET 15T 
146 El Rl59 6S11009C37 330.0000 RESIST FCF l/4W 5% 
147 El R161 6Sl1009C47 820.0000 RESIST FCF ·1/4W 5% 
148 El Rl62 6Sll009C37 330.0000 RESIST FCF l/4W 5% 
149 El R163 6Sl 1009C59 2.7000 K RESIST FCF 1/4W 5% 
150 El R164 6Sl1009C65 4.7000 K RESIST FCF 1/4W 5% 
151 El Rl65 6S11009C41 470. 0000 RESIST FCF 1/4W 5% 
152 El R166 6Sl 1009C41 470.0000 RESIST FCF l /4W 5% 
153 El R167 6Sl1009C09 22.0000 RESIST FCF 1/4W 5% 
154 El R168 6S11009C63 3.9000 K RESIST FCF 1/4W 5% 
155 El R169 6S11009C57 2. 2000 K RESIST FCF 1/4W 5% 
156 El · Rl 70 6S11009C49 1.0000 K RESIST FCF 1/4W 5% 
157 El Rl 71 6S11009C09 22.0000 RESIST FCF 1/4W 5% 
158 El Rl 72 6Sl 1009C63 3. 9000 K RESIST ~ · FCF 1/4W 5% 
159 El R173 6S11009C35 270.0000 RESIST · FCF 1/4W 5% 
160 El R174 6Sl 1009C35 270.0000 RESIST FCF 1/4W 5% 

, 161 El Rl 75 6S11009C73 10.0000 K RESIST FCF l/4W 5% , 
{ 162 El Rl76 6Sl 1009C69 6.8000 K RESIST FCF 1/4W 5% 

163 El Rl 77 6Sl 1009C69 6.8000 K RESIST FCF l/4W 5% 
164 El Rl78 6Sl l009C61 3.3000 . K RESIST FCF 1/4W 5% 
165 El Rl 79 6S11009C 57 2.2000 K RESIST FCF 1/4W 5% 
166 El R180 6S11009C57 2.2000 K RESIST FCF 1/4W 5% 
167 El Rl81 6S11009C73 10. 0000 K RESIST FCF 1/4W 5% 
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168 El R182 6S11009C 35 270.0000 RESIST FCF 1/4W 5% ' . 

169 El R183 6Sl1009C59 2.7000 K RESIST FCF 1/4W 5% 
170 El R184 6Sl 1009C21 68.0000 RESIST FCF 1/4W 5% 
171 El R185 651 l009C65 4.7000 K RESIST FCF 1/4W 5% 
172 El R186 6S11009C09 22.0000 RESIST FCF l/4W 5% 
173 El R187 6S11009C09 22.0000 RESIST FCF 1/4W 5% 
174 El R188 6S11009C21 68.0000 RESIST FCF 1/4W 5% 
175 El R189 6Sl1009C65 4.7000 K RESIST FCF 1/4W 5% 
176 El R190 6Sl1009C35 270. 0000 RESIST FCF l/4W 5% 
177 El Rl 91 6S11009C 59 2.7000 K RESIST FCF 1/4W 5% 
178 El R192 * 22.0000 M RESIST FCF 1/4W 5% 
179 El Rl93 6S11009006 220.0000 K RESIST FCF l/4W 5% 
180 El Rl94 6S11009C65 4.7000 K RESIST FCF l/4W 5% 
181 El Rl95 6S11009C49 1.0000 K RESIST FCF 1/4W 5% 
182 El R196 6Sll009C73 10.0000 K RESIST FCF 1/4W 5% 
183 El R197 6Sl1009C65 4.7000 K RESIST FCF l/4W 5% 
184 El R198 6S11009D 12 390.0000 K RESIST FCF 1/4W 5% 
185 El R199 6S11009C46 750.0000 RESIST FCF 1/4W 5% 
186 El R200 3006P-00l-101 100.0000 TRIMPOT · CERMET 15T 
187 El R201 6S11009C H 4-70.0000 RESIST FCF 1/4W 5% 
188 El R202 6Sl 1009C 49 1.0000 K RESIST FCF 1/4W 5% 
189 El R203 6S11009C81 22.0000 K RESIST FCF 1/4W 5% 
190 El R204 6S11009C33 220.0000 RESIST FCF 1/4 W 5% 
191 El R205 3006P-001-101 100.0000 TRIMPOT CERMET 1ST 
192 El R206 6Sl1009C41 470. 0000· RESIST FCF 1/4W 5% 
193 El R207 6Sl1009C81 22-.0000 K RESIST FCF l/4W 5% ( ., 
194 El R208 6Sll009C33 220.0000 RESIST FCF 1/4 W 5% 
195 El R209 6S11009C66 5 . 1000 K RESIST FCF 1/4W 5% 
196 El R210 6S11009020 820.0000 K RESIST FCF l/4W 5% 
197 El R211 6Sl1009012 390.0000 K RESIST FCF 1/4W 5% 
198 El R212 6Sl 1009C 66 5.1000 K RESIST FCF 1/4W 5% 
199 El R213 6Sll009C51 1.2000 K RESIST FCF l/4W 5% 
200 El R214 6Sl1009C25 100.0000 RESIST FCF 1/4W 5% 
201 El R215 6Sl 1009C25 100.0000 RESIST FCF 1/4W 5% 
202 El R216 6Sll009020 820 . 0000 K RESIST FCF 1/4W 5% ·· 
203 El R217 3006P-001-502 5. 0000 K TRIMPOT CERMET 15T 
204 El R218 6Sl1009C65 4.7000 K RESIST FCF 1/4W 5% 
205 El R222 6S11009C43 560.0000 RESIST FCF 1/4W 5% 
206 El R223 6Sl1009C49 1.0000 K RESIST FCF l/4W 5% 
207 El R224 6S11009C35 270.0000 RESIST FCF 1/4W 5% 
208 El R225 6S11009C01 10.0000 RESIST FCF l/4W 5% 
209 El R226 6S 11009C 97 100.0000 K RESIST FCF l/4W 5% 

. 210 El R227 6Sl1009C53 1.5000 K RESIST FCF 1/41-J 5% 
211 El R228 6Sl 1009C53 1.5000 K RESIST FCF 1/4W 5% 
212 El R229 6S11009C35 270.0000 RESIST FCF 1/4W 5% 
213 El R230 6Sl1009C35 270.0000 RESIST FCF l/4W 5% 
214 El R231 6Sll009C 57 2.2000 K RESIST FCF 1/4yJ 5% 
215 El R232 6Sll009C65 . 4. 7000 K RESIST Fe, 1/4W 5% 
216 El TlOl 82-0984 .0000 TRANSF RF BELTRONICS 
217 El T102 82-0984 .0000 TRANSF RF BELTRONICS 
218 El UlOl MC10131L .0000 IC D FF DUAL 
219 El U102 MC1596L . 0000 IC BALANCED MODULATOR 
220 El U103 MC1596L .0000 ...... ,. IC BALANCED MODULATOR 
221 El U104 MC1596L .0000 IC BALANCED MODULATOR 
222 El Ul05 CA3054 .0000 IC TRANSISTOR ARRAY 
22.3 El Ul06 MC140408 .0000 IC RRIPPLE CTR 
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( 224 El Ul07 TL082CP . 0000 IC OP. AMP. DUAL 

225 El X!Ol 61A590A42-l .0000 XTAL 4XSTAT .FREQ. 
226 El Xl02 48-80055C01 .0000 XTAL WATCH 
227 E2 C305 21R40020S04 .0100 U CAP CERAMIC 50V 20% Z5U 
228 E2 C306 8Sll017All .0220 U CAP MYLAR 50V 5% 
229 E2 C307 8-11017A08 .0100 U CAP 5% 
230 E2 C309 * .3300 U CAP MYLAR SOV 5% 
231 E2 C310 * .3300 U CAP MYLAR 50V 5% 
232 E2 C311 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
233 E2 C312 * 2.2000 U CAP MYLAR 250V 10% 
234 E2 C313 * 2.2000 U CAP MYLAR 250V 10% 
235 E2 C318 21R40020S04 .0100 U CAP CERAMIC 50V 20% Z5U 
236 E2 C319 8S11017All .0220 U CAP MYLAR -50V 5% 
237 E2 C320 8-11017A08 .0100 U CAP 5% 
238 E2 C321 21R40020S03 . 1000 U CAP CERAMIC 50V 20% ZSU 
239 E2 C322 * .3300 U CAP MYLAR 50V 5% 
240 E2 C323 * .3300 U CAP MYLAR 50V 5% 
g41 E2 C324 * 2.2000 U CAP MYLAR 250V 10% 
242 E2 C325 * 2.2000 U CAP MYLAR 250V 10% 
243 E2 C326 21R4l)020S03 .1000 U CAP CERAMIC SOY 20% Z5U 
244 E2 C327 21R40020S03 . 1000 U CAP CERAMIC 50V 20% ZSU 
245 E2 C330 21R4U020S03 . 1000 U CAP CERAMIC 50V 20% Z5U 
246 E2 C331 21R41l020S03 .1000 U CAP CERAMIC 50V 20% ZSU 
247 E2 C333 21R4D020S03 .1000 U CAP · CERAMIC 50V 20% ZSU 

r 248 .E2 C337 21R40020S03 . 1000 U CAP CERAMIC 50V 20% ZSU 
\ 249 E2 C338 8Sll017A03 .0022 U CAP MYLAR 50V 5% 

250 E2 C339 23084538G02 4.7000 U CAP TANTULUM 20V 20% 
251 E2 C340 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
252 E2 C341 8S11017A03 .0022 U CAP MYLAR SOY 5% 
253 E2 C342 23D84538G02 4.7000 U CAP TANTULUM 20Y 20% 
254 E2 C344 21R40020S03 .1000 U CAP CERAMIC 50V 20% ZSU 
255 E2 C348 21R40020S03 .1000 U CAP CERAMIC 50V 20% ZSU 
256 E2 C349 21R40020S03 .1000 U CAP CERAM IC 50V 20% Z5U 
257 E2 C350 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
258 E2 C351 8-11 'll 7 A08 .0100 U CAP 5% 
259 E2 C353 21R4')020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
260 E2 C354 21R40020S03 .1000 U CAP CERAM IC SOV 20% zsu 
261 E2 0301 1N4148 .0000 DIODE SIGNAL ITT 
262 E2 D302 1N41'1-8 . 0000 DIODE SIGNAL ITT 
263 E2 0303 1N4M8 .0000 DIODE SIGNAL ITT 
264 E2 D304 1N4148 • 0000 DIODE SIGNAl. ITT' . 
265 E2 D305 1N4148 .0000 DIODE SIGNAL ITT 
266 E2 D306 1N4148 .0000 DIODE SIGNAL ITT 
267 E2 0307 1N4148 .0000 DIODE SIGNAL ITT 
268 E2 D308 1N4148 .0000 DIODE SIGNAL ITT 
269 E2 D309 1N4H 8 .0000 DIODE SIGNAL ITT 
270 E2 D310 1N4148 .0000 DIODE SIGNAL ITT 
271 E2 R301 6S l l•J09C 17 47.0000 RESIST ~ FCF 1/4W 5% 
272 E2 R302A 81A21lB16AlOA10 1.0000 K POT 4 SECT CERMET 
273 E2 R302B .0000 POT SEE R302A 

( 274 E2 R302C .0000 POT SEE R302A 
275 E2 R302D .0000 POT SEE R302A 

276 E2 R303 6S 111 i09C 17 47.0000 RESlST FCF 1/4W 5't 
277 E2 R304A 81A2CB16A20A20 100.0000 K POT 4SECT CERMET 
278 E2 R304B .0000 POT SEE R304A 
279 E2 R304C .0000 POT SEE R304A 
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280 E2 R304D . 0000 POT SEE R304A 
281 E2 R305 6Sl1009C80 20.0000 K RES IST FCF 1/4W 5% 
282 E2 R306 6Sl 1009C80 20. 0000 K RESIST FCF 1/4W 5% 
283 E2 R307 6Sl 1009C80 20.0000 K RESIST FCF 1/4W 5% 
284 E2 R307A 81A20B16Al3A18 50.0000 K POT 2 SECT CERMET 
285 E2 R307B POT SEE R307A 
286 E2 R307C POT SEE R307A 
287 E2 R307D POT SEE R307A 
288 E2 R308 6Sl10C9C 73 10.0000 K RESIST FCF l/4W 5% 
289 E2 R309 6Sl 10G9C50 1. 1000 K RESIST FCF 1/4l~ 5% 
290 E2 R310 6Sl 1009C82 24.0000 K RESIST FCF 1/4W 5% 
291 E2 R311 6Sll009C 17 47.0000 RESIST FCF l/4W 5% 
292 E2 R312 6Sll009Cl 7 47.0000 RESIST FCF l/4W 5% 
293 E2 R313 6Sl1009C80 20.0000 K RESIST FCF 1/4W 5% 294 E2 R314 6S11009C80 20.0000 K RESIST FCF l/4W 5% 
295 E2 R315 6Sll009C73 10.0000 K RESIST FCF l/4W 5% 
296 E2 R316 6Sll009CSO 1. 1000 K RESIST FCF l/4W 5% 
297 E2 R317 · 6Sll009C82 24 . 0000 K RESIST FCF 1/4W 5% 
298 E2 R318 EMF- 1/4-10. 2K 10. 2000. K RESIST 1/8W 1% SOPPM 
299 E2 R319 EMF- 1/ 4-l0;2K 10.2000 K RESIST 1/8W 1% SOPPM 
300 E2 R320 3006-001-102 1.0000 K TRIMPOT CERMET 1ST 
301 E2 R321 EMF- 1/4-19.6K 19.6000 K RESIST 1/8W 1% SOPPM 
302 E2· R322 3006P-001-502 5. 0000 K TRIMPOT CERMET 15T 
303 E2 R323 "iS11009C27 120.0000 RESIST FCF l/4W 5% 
304 E2 R324 6Sl 1009C89 47.0000 K RESI ST FCF 1/4W 5% 
305 E2 R325 6S11009C43 560.0000 RESIST FCF l/4W 5% (. ' 306 E2 R326 EMF- 1/4- 205 205.0000 RESIST 1/8W 1% 50PPM 
307 E2 R327 6S11009014 470.0000 K RESIST FCF 1/4W 5% 
308 E2 R329 EMF- 1/4- lK 1.0000 K RESIST 1/8W l'l, 50PPM 
309 E2 R330 EMF- 1/4-10.2K 10.2000 K RESIST 1/8W 1% SOPPM 
310 E2 R331 EMF- 1/4- 10. 2K 10.2000 K RESIST l /8W 1% 50PPM 
311 E2 R332 EMF- l/4-10.2K 10.2000 K RESIST i/8W 1% 50PPM 
312 E2 R333 EMF-l/4-10.2K 10.2000 K RESIST l/8W 1% SOPPM 
313 E2 R334 3006-001-102 1.0000 K TRIMPOT CERMET 1ST 
314 E2 R335 EMF- 1/4-10. 2K 10.2000 ~ RESIST l /8W 1% SOPPM 
315 E2 R336 EMF-l/4-19.6K 19.6000 K RESIST 1/8W 1% 50PPM 
316 E2 R337 3006P-001-502 5. 0000 K TRIMPOT CERMET 1ST 
317 E2 R338 EMF- 1/4-lK 1.0000 K RESIST l /8W 1% SOPPM 
318 E2 R339 EMF- 1/4-51. 1 51. 1000 RESIST 1/8W 1% 50PPM 
319 E2 R340 EMF- l/4-10 . 2K 10. 2000 K RESIST l/8W 1% SOPPM 
320 E2 R341 EMF-l / 4-10 . 2K 10.2000 K RESIST 1/8W 1% SOPPM 
321 £2 R342 3006-001-102 1.0000 K TRIMPOT CERMET 1ST 
322 E2 R343 EMF-1/4-17.8K 17.8000 K RESIST 1/8W 1% SOPPM 
323 E2 R344 3006P-001 -502 5.0000 K TRIMPOT CERMET 15T 
324 E2 R345 EMF- 1/4-93.lK 93 . 1000 K RESIST 1/8W 1% 50PPM 
325 E2 R345 6Sl1009C27 120. 0000 RESIST FCF l/4W 5% 
326 E2 R346 6Sl 1009C89 47.0000 K RES IST FCF i/4W 5% 
327 E2 R347 EMF- 1/4-51.1 51 . 1000 RESIST 11/SW 1% 50PPM 
328 E2 R348 EMF- 1/4- 93. lK 93.1000 K RESI ST l/8W 1% 50PPM 
329 E2 R349 6Sll009D14 470.0000 K RESIST FCF l/4W 5% 
330 E2 R350 EMF-1/4-47.SK 47 . 5000 K RESIST l/8W 1% 50PPM 
331 E2 R351 3006-001-102 . 1.0000 K TRIMPOT CERMET 1ST 
332 E2 R352 EMF-1/4- 2.2K 2.2000 __ K RESI ST 1/8W 1% 50PPM 
333 E2 R353 6S11009C63 3.9000 K RESIST FCF 1/4W 5% 
334 E2 R357 -6S11009C65 4.7000 K RESIST FCF 1/4W 5% 
335 E2 R358 EMF-1 /4-47 . SK 47.5000 K RESIST l/8W 1% 50PPM 
336 E2 R359 3006-001-102 1. 0000 K TRIMPOT CERMET 1ST 
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( 337 E2 R360 EMF- 1/4- 2.2K 2.2000 K RESIST 1/8W 1% 50PPM 
338 E2 R361 6Sll009C63 3.9000 K RESIST FCF 1/4W 5% 
339 E2 R365 6Sl 1009C65 4.7000 K RESIST FCF 1/4W 5% 
340 E2 R366 EMF-l/4W-511 511.0000 RESIST l/8W 1% 50PPM 
341 E2 R367 EMF- 1/4-21. 5K 21 . 5000 K RESIST 1/8W 1% 50PPM 
342 E2 R368 EMF-1/4-93.lK 93 . 1000 K RESIST 1/SW 1% 50PPM 
343 E2 R369 6S11009C27 120.0000 RESIST FCF 1/4W 5% 
344 E2 R370 6Sll009C89 47.0000 K RESIST FCF 1/4W 5% 
345 E2 R371 6Sl 1009D14 470.0000 K RES-IST FCF 1/4W 5% 
346 E2 R373 6Sll009C89 47.0000 K RESIST FCF 1/4W 5% 
347 E2 R374 6Sl 1009Dl4 470.0000 K RESIST FCF 1/4W 5% 
348 E2 R377 EMF-1/4-4 . 64K 4. 6400 K RESIST l/8W 1% 50PPM 
349 E2 R378 3005P-00l-502 5.0000 K TRIMPOT CERMET 15T 
350 E2 R379 EMF-1/4-lK 1. 0000 K RESIST l/8W 1% 50PPM 
351 E2 R380 6Sl l009C89 47.0000 K RESIST FCF 1/4W 5% 
352 E2 R381 6S1 l009Dl4 470.0000 K RES IST FCF 1/4W 5% 
353 E2 R382 EMF-1/4-205 205.0000 RESIST l/8W 1% 50PPM 
354 E2 R383 EMF-l/4-21.5K 21. 5000 K RESIST l/8W 1% 50PPM 
355 E2 R384 6Sll009C89 47.0000 K RESIST FCF 1/4W 5% 
356 E2 R385 6Sll009Dl4 470.0000 K RESIST FCF 1/4W 5% 
357 E2 R386 EMF-1/4-205 205.0000 RESIST l/8W 1% 50PPM 
358 E2 R387 EMF-1/4-205 205 . 0000 RESIST 1/8W 1% 50PPM 
359 E2 R389 3006-001-102 1.0000 K TRIMPOT CERMET 1ST 
360 E2 R390 6S l1009C63 3.9000 K RESIST FCF 1/4W 5% 

( 
361 E2 R391 3006-001-102 I.'0000 K TRIMPOT CERMET 15T 
362 E2 R392 6S l 1009C63 3.9000 K RESIST FCF 1/4W 5% 
363 E2 R393 EM ~-1 /4-205 205.0000 RESIST 1/8W 1% 50PPM 
364 E2 R394 EW-1/4-51.1 51. 1000 RESIST l/8W 1% 50PPM 
365 E2 R395 EM-"-l/4W-511 511. 0000 RESIST 1/8W 1% 50PPM 
366 E2 R396 EW-1 /4-127 127.0000 RESIST l/8W 1% 50PPM 
367 E2 R397 EW-1/4-51.1 51.1000 RESIST 1/8W 1% 50PPM 
368 E2 R398 EM~-1/4-51.1 51.1000 RESIST 1/8W 1% 50PPM 
369 E2 R399 6S l1009C27 120.0000 RESIST FCF l/4W 5% 
370 E2 U301 TL 182CP .0000 IC OP. AMP.· DUAL 
371 E2 U302 TL 184CN .0000 IC OP . AMP. QUAD 
372 E2 U303 TL 184CN . 0000 IC OP. AMP. QUAD 
373 E2 U304 TL )84CN . 0000 IC OP. AMP . QUAD 
374 E2 U305 TL )84CN . 0000 IC OP . AMP. QUAD 
375 E2 U306 TL )84CN . 0000 IC OP. AMP. QUAD 
376 E2 U307 TL)84CN .0000 IC OP. AMP. QUAD 
377 E2 U308 Tltl84CN .0000 IC OP . AMP. QUAD 
378 E3 C901 21)82133G03 100.0000 P CAP DISC SOOY 5% N750 
379 E3 C902 21 )82133G03 100.0000 P CAP DISC SOOY 5% N750 
380 E3 C903 8- .1017A08 .0100 U CAP 5% 
381 E3 C904 21 >82133G03 100.0000 P CAP DISC SOOY 5% N750 
382 E3 C905 8$ l1017A01 .0010 U CAP MYLAR 50V S% 
383 E3 C906 8S l1017A01 .0010 U CAP MYLAR 50V 5% 
384 E3 C907 8- ·. 1017A08 .0100 U CAP S't 
385 E3 C908 23--11019A46 100.0000 U CAP L YTIC 25V 
386 E3 C909 2i:!40020S03 .1000 U CAP CERAMIC SOY 20% ZSU 

( 387 E3 C910 8- 1.l017A08 .0100 U CAP 5% 
388 E3 C911 80d2905Gll .2200 U CAP MYLAR 50V 10% 

389 E3 C912 8D·{2905Gll .2200 U CAP MYLAR 50V 10% 
390 E3 C913 CY!-027PT 335.0000 U TUN.CAP TUNING DUAL 
391 E3 L901 24-83397L01 30.0000 U COIL RF CHOKE 
392 E3 L902 24 -83397L01 30.0000 U COIL RF CHOKE 
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393 E3 0901 48R00869570 . 0000 TRANSIST NPN 9570 ( ) 

394 E3 Q902 MPS-U52 .0000 TRANSIST PNP GP AMP 
395 E3 R901 6Sll009C49 1.0000 K RESIST FCF 1/4W 5% 
396 E3 R902 3006-001-102 1.0000 K TRIMPOT CERMET 15T 
397 E3 R903 1 6Sl 1009C 77 15.0000 K RESIST FCF l/4W 5% 
398 E3 R904 6Sl 1009C47 820.0000 RESIST FCF l/4W 5% 
399 E3 R905 6Sl1009C53 1.5000 K RESIST FCF l/4W 5% 
400 E3 R906 6Sl1009C51 1.2000 K RESIST FCF 1/4W 5% 
401 E3 R907 6S11009C53 1.5000 K RESIST FCF l/4W 5% 
402 E3 R908 6Sll009C23 82.0000 RESIST FCF 1/4W 5% 
403 E3 R909 6Sll009C23 82.0000 RESIST FCF 1/4.W 5% 
404 E3 R910 6S11009D04 180.0000 K RESI-ST FCF 1/4W 5% 
405 E3 R911 6Sl1009C89 47.0000 K RESIST FCF 1/4W 5% 
406 E3 R912 6Sl1009C41 470.0000 RESIST FCF 1/4W 5% 
407 E3 R913 6Sl1009Cl4 36.0000 RESIST FCF 1/4W 5% 
408 E3 R914 6S11009C25 100.0000 RESIST -FCF 1/4W 5% 
409 E3 R915 6S11009C01 10.0000 RESIST FCF 1/4W 5% 
410 E3 R916 6Sl1009C27 120.0000 RESIST FCF 1/4W 5% 
411 E3 R917 6S11009C01 10.0000 RESIST FCF 1/4W 5% 
412 E3 R918 6Sl1009C17 47.0000 RESIST FCF 1/4W 5% 
413 E3 R919 6Sl1009C49 1.0000 K RESIST FCF 1/4W 5% 
414 E3 R920 -6Sl 1009C80 20.0000 K RESIST FCF 1/4W 5% 
415 E3 R922 6Sl1009C49 1.0000 K RESIST FCF 1/4W 5% 
416 E3 R923 6Sl1009C80 20.0000 K RESIST FCF 1/4W 5% 
417 E3 R924 6S11009012 390 ♦- 0000 K RESIST FCF l/4W 5% 
418 E3 R925 6Sll009C49 1. 0000 K RESIST -FCF 1/4W 5% ~ 

( 
419 E3 R926 6S11009C80 20 . 0000 K RESIST FCF 1/4W 5% 
420 E3 R927 6S11009C49 1. 0000 K RESIST FCF 1/4W 5% 
421 E3 R928 6S11009012 390.0000 K RESIST FCF l/4W 5% 
422 E3 R929 6S11009C80 20.0000 K RESIST FCF l/4W 5% 
423 E3 R930 6S11009C25 100.0000 RESIST FCF l/4W 5% 
424 E3 R931 6Sl1009C25 100.0000 RESIST FCF 1/4W 5% 
425 E3 R932 6Sll009C25 100.0000 RESIST FCF 1/4W 5% 
426 E3 R933 6Sll009C25 100.0000 RESIST FCF 1/4W 5% 
427 E3 R936 6Sll009C41 470.0000 RESIST FCF l/4W 5% 
428 E3 R938 3006P- 001 -504 500.0000 K TRIMPOT CERMET 1ST 
429 E3 T901 82-0984 .0000 TRANSF RF BELTRONICS 
430 E3 T902 82-0984 .0000 TRANSF RF BELTRONICS 
431 E3 U902 LF347BN . 0000 IC OP AMP QUAD 
432 E4 C401 8Sl1017A01 .0010 U CAP MYLAR 50V 5% 
433 E4 C402 8Sl1017A01 . 0010 U CAP MYLAR 50V 5% 
434 E4 C403 23C05253001 2000.0000 U CAP L YTIC 50V 
435 E4 C404 8S11017A01 .0010 U CAP MYLAR 50V 5% 
436 E4 C405 8Sll017A01 .0010 U CAP MYLAR 50V 5% 
437 E4 C406 8D82905Gll .2200 U CAP MYLAR 50V 10% 
438 E4 C407 8082905Gll .2200 U CAP MYLAR 50V 10% 
439 E4 C408 8082905Gll .2200 U CAP MYLAR 50V 10% 
440 E4 C409 8D82905Gll .2200 U CAP ~ MYLAR -50V 10% 
441 E4 C410 8D82905Gll .2200 U CAP MYLAR 50V 10% 
442 -E4 C411 8082905Gll .2200 U CAP MYLAR 50V 10% 
443 E4 C412 23C05253001 2000.0000 U CAP LYTIC 50V 
444 E4 0401 IN4720 .0000 DIODE RECTIFIER POWER 
445 E4 D402 IN4720 .0000 DIODE RECTIFIER POWER 
446 E4 0403 IN4720 .0000 DIODE RECTIFIER POWER 
447 E4 0404 IN4720 .0000 DIODE RECTIFIER POWER 
448 E4 0405 IN4002 .0000 ' DIODE RECTI FI ER 100V 
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( 449 E4 0406 IN4002 .0000 DIODE RECTIFIER lOOV 

450 E4 0407 IN4002 .0000 DIODE RECTIFIER lOOV 
451 E4 0408 1N5338B .0000 DIODE ZENER 5.1 V 
452 E4 R401 17082177B04 5.0000 RESIST WW SW 10% 
453· E4 · R402 13Fl46 10.0000 RESIST WW SW 5% 
454 E4 R403 6Sl0164D55 68. 0000 RESIST FCF 2W 5% 
455 E4 R404 6S10164A52 4:7000 K RESIST FCF 1/2W 5% 
456 E4 R406 6Sl0164A52 4.7000 K RESIST FCF 1/2W 5% 
457 E4 U401 MC7815CT .0000 IC REGULATOR 15V 
458 E4 U402 MC7805CT .0000 IC REGULATOR 5V 
459 E4 U403 MC7815CT .0000 IC REGULATOR 15V 
460 E5 C503 21082428815 . 0050 U CAP DISC lOOV 20% X5R 
461 ES C509 21R40020S03 .1000 U CAP CERAMIC SOV 20% ZSU 
462 ES C510 -21R40020S03 .1000 U CAP CERAMIC SOV 20% ZSU 
463 ES CSll . 21R40020S14 .4700 U CAP CERAMIC lOOV 20% ZSU 
464 E5 C520 21082428B15 .0050 U CAP DISC lOOV 20% XSR 
465 ES C520 210824281315 .0050 U CAP DISC l00V 20% X5R 
466 ES CS30 21R40020S03 .1000 U CAP CERAMIC 50V 20% ZSU 
467 ES C531 8-11017A08 .0100 U CAP 5% 
468 ES C532 81F3650 18.0000 P TRIMCAP 5. 5-18 PFD 
469 ES D501 IN4759A .0000 DIODE ZENER _62V 
470 E5 D502 IN4759A .0000 DIODE ZENER 62V 
471 ES 0503 * .0000 DIODE 1N5333 TO 1N5358 
472 ES L503 15F2259 500.0000 U COIL RF CHOKE 

( ··· 473 ES L504 15F2259 500 . 0000 U COIL RF CHOKE 
474 ES 0501 48R00869571 .0000 TRANSIST PNP 9571 
475 ES 0502 48R00869571 . . 0000 TRANSIST PNP 9571 
476 ES 0503 VN88AD .0000 TRANSIST FET NCH SILICONIX 
477 E5 0504 VN88AD .0000 TRANSIST FET NCH SILICONIX 
478 ES 0505 48R00869570 .0000 TRANSIST NPN 9570 
479 ES 0506 48R00869570 .0000 TRANSIST NPN 9570 
480 ES R501 6Sll009C47 820.0000 RESIST FCF 1/4W S% 
481 ES RS02 67FS848 5.0000 K TRIMPOT CERMET 25T 
482 ES RS03 6S11009C41 470.0000 RESIST FCF l/4W 5% 
483 ES R504 6Sl 1009C37 330.0000 RESIST FCF 1/4W 5% 
484 ES R505 6Sl1009C37 330.0000 RESIST FCF 1/4W 5% 
485 ES R506 6Sll009C49 1.0000 K RESIST FCF 1/4W 5% 
486 E5 R507 6S11009C47 820.0000 RESIST FCF 1/4W 5% 
487 ES R508 18D84944C01 . 2.0000 K TRIMPOT CARBON 
488 ES R516 6S11009C09 22.0000 RESIST FCF 1/4W .5% 
489 ES R517 6S11009018 680.0000 K RESIST FCF l/4W S% 
490 ES R518 3006P-001-504 500.0000 K TRIMPOT CERMET 1ST 
491 ES R519 6S11009018 680.0000 K RESIST FCF l/4W 5% 
492 E5 RS20 3006P-001-504 500.0000 K TRIMPOT CERMET 15T 
493 E5 R521 6Sl 1009C09 22.0000 RESIST FCF 1/4W 5% 
494 E5 R522 6S11009C87 39.0000 K RESIST FCF 1/4W 5% 
495 ES R523 6Sl1009C 79 18.0000 K RESIST FCF 1/4W 5% 
496 ES R524 . 6S11009C49 1.0000 K RESISTr . FCF 1/4W 5% · 
497 ES R525 ' 6Sl1009Cll 27.0000 RESIST FCF 1/4W S% 
498 E5 R526 6Sl 1009C81 22.0000 K RESIST FCF 1/4W 5% 

( 499 ES R527 6Sl1009C89 47.0000 K RESIST FCF 1/4W 5% 
500 E5 R528 6S11009C33 220.0000 RESIST FCF 1/4 W 5% 
501 E5 T501 T2.5-6T · ~ 0000 .· ,. · ,. ,. · · TRANSF RF BROAD BAND 
502 ES T502 02275 . 0000 TRANSF RF POT CORE 
503 E6 C605 21R40020S04 .0100 U CAP CERAMIC 50V 20% Z5U 
504 E6 C606 8S11017All . 022.0 U CAP MYLAR 50V 5% 
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505 E6 -C607 8-1101'A08 .0100 U CAP 5% (-

506 E6 C608 21R40020S03 . 1000 U CAP CERAMIC 50V 20% ZSU 
507 E6 C609 * . 3300 U CAP MYLAR 50V 5% 
508 E6 C6,10 * .3300 U CAP MYLAR 50V 5% 
509 E6 C611 21R40020S03 .1000 U CAP CERAMIC 50V 20% ZSU 
510 E6 C612 * 2.2000 U CAP MYLAR 250V 10% 
511 E6 C613 * 2.2000 U CAP MYLAR 250V 10% 
512 E6 C619 8S11017All .0220 U CAP MYLAR 50V 5% 
513 E6 C620 8-11017A08 .0100 U CAP 5% 
514 E6 C622 * .3300 U CAP MY_LAR 50V 5% 
515 E6 C623 ·k .3300 U CAP MYLAR 50V 5% 

· 516 £6 C624 k 2.2000 U CAP MYLAR 250V 10% 
517 E6 C625 * 2.2000 U CAP MYLAR 250V 10% 
518 E6 C626 21R40020S03 .1000 U CAP CERAMIC 50V 20% ZSU 
519 E6 C627 23S11019A09 1.0000 U CAP LYTIC ALU 50V 20% 
520 E6 C628 23S11019A09 1.0000 U CAP LYTIC ALU 50V 20% 
521 E6 C629 8S11017A07 .0068 U CAP MYLAR 50V 5% 
522 E6 C629A 8S11017A07 .0068 U CAP MYLAR 50V 5% 
523 E6 C630 8S11017A10 .0180 U CAP MYLAR 50V 5% 
524 E6 C630A 8S11017A10 .0180 U CAP MYLAR 50V 5% 
525 E6 C631 8S11017A01 .0010 U CAP . MYLAR 50V 5% 
526 E6 C631A 8S11017A01 . .0010 U CAP MYLAR 50V 5% 
527 E6 C632 8S11017A07 .0068 U CAP MYLAR 50V 5% 
528 E6 C632A 8S11017A07 . 0068 U CAP MYLAR 50V 5% 
529 E6 C633 SS11017A01 . . 0010· U CAP . MYLAR 50V 5% 
530 E6 C633A 8S11017A01 .0010 U CAP MYLAR 50V 5% c~"' 
531 E6 C634 8S11017A10 . 0189 U CAP MYLAR 50V 5% 
532 E6 C634A 8S1 1017A10 . 0180 U CAP MYLAR 50V 5% 
533 E6 C635 8S11017A07, .0068 U CAP. MYLAR 50V . 5% 
534 E6 C635A 8S11017A07 .0068 U CAP MYLAR 50V 5% 
535 E6 C636 8S11017A10 .0180 U CAP MYLAR 50V 5% 
536 E6 C636A 8S11017A10 . 0180 U CAP MYLAR 50V 5% 
537 E6 C637 8S11017A01 .0010 U CAP MYLAR 50V 5% 
.538 E6 C637A 8S11017A01 .0010 U CAP MYLAR SOV 5% 
539 E6 C638 8S11017A10 .0180 U CAP MYLAR 50V· 5% 
540 E6 C638A 8S11017Al0 .0180 U CAP MYLAR SOV 5% 
541 E6 C639 8S11017A01 . 0010 U CAP MYLAR SOV 5% 
542 E6 C639A 8S11017A01 . 0010 U CAP MYLAR SOV 5% 
543 E6 C640 8S11017A07 .0068 U CAP MYLAR SOV 5% 
544 E6 C640A 8S11017A07 .0068 U CAP MYLAR 50V 5% 
545 E6 C641 8S11017A07 .0068 U CAP MYLAR 50V 5% 
546 E6 C641A 8S11017A07 .0068 U ·CAP MYLAR 50V 5% 
547 E6 C642 8S1101 'AlO .0180 U CAP MYLAR 50V 5% 
548 E6 C642A 8$1101 'AlO . • 0180 U CAP MYLAR SOV 5% 
549 E6 C643 8S1101 AOl . 0010 U CAP MYLAR 50V 5% 
550 E6 C643A 8Sll0l 'A01 .0010 U CAP MYLAR 50V 5% 
551 E6 C644 8S110L'A07 .0068 U CAP MYLAR 50V 5% 
552 E6 C644A 8S110l ~A07 .0068 U CAP 1 MYLAR 50V 5% 
553 E6 C645 8S1101 1Al0 .0180 U CAP MYLAR 50V 5% 
554 E6 C645A 8S1101 7A10 . 0180 U CAP MYLAR 50V 5% 
555 E6 C646 8S1101 7A01 .0010 U CAP MYLAR 50V 5% 
556 E6 C646A 8S1101 7A01 .0010 U CAP MYLAR 50V 5% 
557 E6 C647 8S1101 7A01 .0010 U CAP MYLAR SOV 5% 
558 E6 C647A 8S1101 /AOl .0010 U CAP MYLAR 50V 5% 
559 E6 C648 8S110l"'A07 .0068 U CAP MYLAR 50V 5% 
560 E6 C648A 8S1101 1A07 .0068 U CAP MYLAR SOV 5% 
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561 E6 C649 8Sl 1017Al0 .0180 U CAP MYLAR 50V 5% 
562 E6 C649A 8Sl1017A10 .0180 U CAP MYLAR 50V 5% 
563 E6 C650 8S1101 ?AlO .0180 U CAP MYLAR 50V 5% 
564 E6 C650A 8S11017Al0 .0180 U CAP MYLAR 50V 5% 
565 E6 C651 8Sll017A07 .0068 U CAP MYLAR 50V 5% 
566 E6 C651A 8S11017A07 .0068 U CAP MYLAR 50V 5% 
567 E6 C652 8S11017A01 .0010 U CAP MYLAR 50V 5% 
568 E6 C652A 8S.11017A01 .0010 U CAP MYLAR 50V 5% 
569 E6 C654 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
570 E6 C654A 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
571 E6 C655 21R40020S03 .1000 U CAP CERAMIC 50V 20% ZSU 
572 E6 C655A 21R40020S03 . 1000 U CAP CERAMIC 50V 20% Z5U 
573 E6 C656 21R40020S03 . 1000 U CAP CERAMIC 50V 20% Z5U 
574 E6 C656A 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
575 E6 C657 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
576 E6 C657A 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
577 E6 C658 21R40020S03 .1000 U CAP CERAMIC SOY 20% Z5U 
578 E6 C659 21R40020S03 .1000 U CAP CERAMIC SOY 20% ZSU 
579 E6 C660 21R40020S04 .0100 U CAP CERAMIC SQV 20% ZSU 
580 E6 C661 21R4t)020S03 .1000 U CAP · CERAMIC 50V 20% ZSU 
581 E6 0601 1N4148 .0000 DIODE SI GNAL ITT 
582 E6 D602 1N4148 .0000 DIODE SIGNAL ITT 
583 E6 0603 1N4148 .0000 DIODE SIGNAL ITT 
584 E6 0604 1N4148 .0000 DIODE SIGNAL ITT 

( 585 E6 0601 48R00869570 .0000 TRANSIST NPN 9570 
586 E6 R602A 81A2DB16A10A10 1.0000 K POT .4 SECT CERMET 
587 E6 R602B POT SEE R602A 
588 E6 R602C POT SEE R602A 
589 E6 R602D POT SEE R602A 
590 E6 R603 6Sl1J09Cl 7 47 . 0000 RESIST FCF 1/4W 5% 
591 E6 R604A 81A2DB16A20A20 100.0000 K POT 4SECT CERMET 
592 E6 R604B POT SEE R604A 
593 E6 R604C POT SEE R604A 
594 E6 R6040 POT SEE R604A 
595 E6 R605 6Sl 1:l09C80 20.0000 K RESIST FCF 1/4W 5% 
596 E6 R606 6S11009C80 20 .0000 K RESIST FCF 1/4W 5% 
597 E6 R607A 81A2'lBl6ADA18 50 . 0000 K POT 2 SECT CERMET 
598 E6 R607B POT SEE R607A 
599 E6 R607C POT SEE R607A 
600 E6 R607D POT SEE R607A 
601 E6 R608 6S11D09C73 10.0000 K RESIST FCF 1/4W 5% 
602 E6 R609 6Sll009C50 1.1000 K RESIST FCF 1/4W 5% 
603 E6 R610 6S11009C82 24.0000 K RESIST FCF 1/4W 5% 
604 E6 R611 3006-001-102 1.0000 K TRIMPOT CERMET 15T 
605 E6 R612 6S11009Cl7 47.0000 RESIST FCF l/4W 5% 
606 E6 R613 6S11009C80 20.0000 K RESIST FCF 1/4W 5% 
607 E6 R614 6Sll-J09C80 20.0000 K RESIST FCF 1/4W 5% 
608 E6 R615 6S11009C73 10. 0000 K RESIS{ · FCF 1/4W 5% 
609 E6 R616 6S11009CSO 1.1000 K RESIST FCF 1/4W 5% 
610 E6 R617 6S11009C82 24.0000 K RESIST FCF 1/4W 5% 

( 611 E6 R618 EMF-1/4-301 301.0000 RESIST 1/8W u; 50PPM 
612 E6 R619 3006-001-102 1.0000 K TRIMPOT CERMET 15T 
613 E6 R621 EMF-1/4-301 301.0000 RESIST l/8W 1% 50PPM 
614 E6 R622 3006-001-102 1.0000 K TRIMPOT CERMET 1ST 
615 E6 R623 EMF-1/4-lK 1.0000 K RESIST l/8W 1% 50PPM 
616 E6 R624 EMF-l /4-lK 1. 0000 K RESIST 1/8W 1% 50PPM 
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617 E6 R625 EMF-1/4 -301 301.0000 RESIST 1/8W H 50PPM 
618 E6 R626 . 3006-001-102 1.0000 K TRIM.POT CERMET 15T 
619 E6 R627 EMF-1/4-301 301.0000 RESIST l/8W 1% 50PPM 
620 E6 R651 6S11009C80 20.0000 K RESIST FCF 1/4W 5% 
621 E6 R652 6Sll009S80 20.0000 K RESIST FCF 1/4W 5% 
622 E6 R653 6S11009C80 20.0000 K RESIST FCF 1/4W 5% 
623 E6 R654 ·6Sll009C73 10 .0000 K RESIST FCF l/4W 5% 
624 E6 R655 3006P-001-104 100 K TRIMPOT CERMET 1ST 
625 E6 R656 6S11009)12 390.0000 K RESIST FCF 1/4W 5% 
626 E6 R658 6S11009~49 1.0000 K RESIST FCF 1/4W 5% 
627 E6 R659 6Sl1009Dl6 560.0000 K RESIST F.CF 1/4W 5% 
628 E6 -R660 6Sl1009D20 820.0000 K RESIST FCF 1/4W 5% 
629 E6 R661 6Sll009C49 1.0000 K RESIST FCF 1/4W 5% 
630 E6 R662 3006P-001-502 5.0000 K TRIMPOT CERMET 15T 
631 E6 R663 6S11009':61 3.3000 K RESIST FCF l/4W 5% 
632 E6 R664 6Sl 1009':46 750.0000 RESIST FCF l/4W 5% 
633 E6 R665 6Sl 1009C46 750.0000 RESIST FCF l/4W 5% 
634 E6 R666 EMF-1/4-806 · 806.0000 RESIST l/8W 1% SOPPM 
635 E6 R667 EMF-1/4-806 806.0000 RESIST l/8W 1% 50PPM 
636 E6 R668 EMF-1/4-806 806.0000 RESIST l/8W 1% SOPPM · 
637 E6 R669 EMF-1/4-402 402.0000 RESIST l/8W 1% 50PPM 
638 E6 R670 EMF-lf,t-402 402.0000 RESIST 1/8W 1% 50PPM 
639 E6 R671 EMF-1/' -402 402 .0000 RESIST l/8W 1% SOPPM 
640 E6 R672 EMF-1/4-221 221 . 0000 RESIST l/'8W 1% 50PPM 
641 E6 · R673 EMF-1/4-221 221. 0000 RESIST l/8W 1% SOPPM 
642 E6 R674 EMF-1/4-221 221.0000 RESIST 1/8W 1% 50PPM ( ! 
643 E6 R675 EMF-1/4-100 100.0000 RESIST 1/8W 1% 50PPM 
644 E6 R676 EMF-1/4-100 100.0000 RESIST 1/8W 1% SOPPM 
645 E6 R677 EMF-1/4-100 100.0000 RESIST l/8W 1% SOPPM 
646 E6 R678 EMF-1/4-806 806.0000 RESIST 1/8W 1% SOPPM 
647 E6 R679 EMF-1/4-806 806.0000 RESIST l/8W 1% SOPPM 
648 E6 R680 . EMF-1/4-806 806 . 0000 RESIST l/8W 1% 50PPM 
649 E6 R681 EMF-1/4-402 402.0000 RESIST 1/8W 1% 50PPM 
650 E6 R682 EMF--1 /4-402 402.0000 RESIST l/8W 1% SOPPM 
651 E6 R683 EMF-1/4-402 402.0000 RESIST l/8W 1% 50PPM 
652 E6 R684 EMF-1/4-221 221.0000 RESIST 1 /8W 1% 50PPM 
653 E6 R685 EMF-1/4-221 221.0000 RESIST 1/8W 1 % 50PPM 
654 E6 R686 EMF-1/4-221 221.0000 RESIST l/8W 1% 50PPM 
655 E6 R687 EMF-1/4-100 100.0000 RESIST 1/8W 1% 50PPM 
656 E6 R688 EMF-1/4-100 100.0000 RESIST l/8W 1% 50PPM 
657 E6 R689 3006-001-102 1. 0000 K TRIMPOT CERMET 15T 
658 E6 R690 6Sl l00!1C 63 3.9000 K RESIST FCF 1/4W 5% 
659 E6 R691 3006-001-102 1.0000 K TRIMPOT CERMET ·15T 
660 E6 R692 6Sll00<JC63 3. 9000 K RESIST FCF 1/4W 5% 
661 E6 R693 EMF-1/4-100 100. 0000 RESIST 1/8W 1% 50PPM 
662 E6 U601 TL084CN .0000 IC OP. AMP. QUAD 
663 E6 U602 LF347B1~ .0000 IC OP AMP QUAD 
664 E6 U603 LF347BN .0000 IC 7 OP AMP QUAD 
665 E6 U604 VTL5Cl .0000 COUPLER OPTICAL VA.CTEC 
666 E6 U606 TL084CN .0000 IC OP. AMP. QUAD 
667 E6 U607 TL084CN .0000 IC OP. AMP. QUAD 
668 E6 U901 MC1596L .0000 IC BALANCED MODULATOR 
669 E8 R666A EMF-1/4-806 806.0000 RESIST l/8W 1% SOPPM 
670 EB R667A EMF-1/4-806 806.0000 RESIST 1/BW 1% S0PPM 
671 E8 R668A EMF-1/4-806 806.0000 RESIST l/8W 1% SOPPM 
672 E8 R669A EMF-1/4-806 806.0000 RESIST l/8W 1% 50PPM 
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( . 673 E8 R670A EMF-1/4-402 402.0000 RESIST l/8W 1% SOPPM 

674 E8 . R671A EMF-1/4-806 806.0000 RESIST 1/8W 1% SOPPM 
675 E8 R672A EMF-1/4-806 806.0000 RESIST 1/8W 1% SOPPM 
676 E8 R673A EMF-1/4-806 806.0000 RESIST 1/8W 1% SOPPM 
677 E8 R674A EMF-1/4-806 806 . 0000 RESIST · l/8W 1 % SOP PM 
678 E8 R675A EMF-1/4-806 806 . 0000 RESIST 1/8W 1% SOPPM 
679 E8 R676A EMF-1/4-806 806.0000 RESIST 1/8W 1% SOPPM 
680 E8 R677A EMF-1 /4-806 806.0000 RESIST 1/8W 1% SOPPM 
681 E8 R678A EMF-1/4-806 806.0000 RESIST 1/8W 1% SOPPM 
682 E8 R679A EMF-1/4 -806 806 . 0000 RESIST l/8W 1% 50PPM 
683 ES R680A EMF-1/4-806 806.0000 RESIST 1/8W 1% SOPPM 
684 E8 R681A EMF-1/4-806 806.0000 RESIST 1/8W 1% SOPPM 
685 EB R682A EMF-1/4-806 806.0000 RESIST 1/8W 1% SOPPM 
686 E8 R683A EMF- 1/4-806 806.0000 RESIST 1/8W 1% SOPPM 
687 E8 R684A EMF- 1/4-806 806.0000 RESIST 1/BW 1% SOPPM 
688 E8 R685A EMF-1/4-806 806.0000 RESIST l/8W 1% SOPPM 
689 E8 - R686A EMF-1/4-221 221. 0000 RESIST 1/BW 1% SOPPM 
690 E8 R687A EMF-1/4-806 806.0000 RESIST · l/8W 1% SOPPM 
691 E8 R688A EMF-1/4-806 806.0000 RESIST l/8W. 1% SOPPM 
692 EB R693A EMF-1/4-806 806.0000 RESIST 1/SW 1% SOPPM 
693 EB R781 3540S-1-102 .0000 POT 4 SECT l OT WW 0.1% 
694 EB R782 3540S-1-102 .0000 POT 4 SECT lOT WW 0.1% 
695 E8 R783 3540S-1-102 .0000 POT 4 SECT lOT WW 0. 1% 
696 E8 R784 3540S-l-502 5.0 K POT lOT WW 0.1 % 

( 
697 ES R791 48-82525G07 .0000 DIODE RECTIFIER POWER 
698 E8 R792 6S10164A79 1. 000,0 K RESIST FCF l/2W 5% 
699 ES R793 6S10164A79 1. 0000 , K RESIST FCF 1/2W 5% 
700 ES R794 6Sl 1009C25 100.0000 RESIST FCF 1/4W 5% 
701 E8 R795 6Sl 1009C25 100.0000 RESIST FCF 1/4W 5% _ 
702 E8 R798 6S10164A78 100.0000 RESIST FCF 1/2W 5% 
703 ES R799 .6S10164A78 100.0000 RESIST FCF 1/2W 5% 
704 E8 U602A LF347SN .0000 IC OP AMP QUAD 
705 E8 U603A LF347BN .0000 IC OP AMP QUAD 

( 
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1 MlO C106 23-11019A46 100.0000 U CAP L YTIC 25V 
2 MlO C107 8C42208818 .0470 U CAP MYLAR 50V 10% 
3 MlO C108 23D8~747L20 100.0000 U CAP LYTIC lOOV 20% 
4 MlO tl09 21R4J020S14 .4700 U CAP CERAMIC lOOV 20% Z5U 
5 MlO CllO 8-11017A08 .0100 U CAP 5% 
6 MlO Clll 21R40020Sl4 .4700 U CAP CERAMIC lOOV 20% ZSU 
7 MlO C112 8-11017A08 .0100 U CAP 5% 
8 MlO Cll3 21R40020S14 .4700 U CAP CERAMIC 100V 20% Z5U 
9 MIO Cl14 8--11817A08 .0100 U CAP 5% 

10 MlO Cl16 8-11 ll 7A08 .0100 U CAP 5% 
11 MlO Cll7 2308'.783B25 4.7000 U CAP TANTULUM 25V 
12 MlO Cl18 23D8l908L01 2.2000 U CAP LYTIC 50V NONPOLARIZED 
13 MlO Cll9 21R4•l020S03 .1000 U CAP CERAMIC 50V 20% ZSU 
14 MlO Cl20 21R4D020S03 .1000 U CAP CERAMIC 50V 20% z5u · 
15 MlO Cl21 21R4)020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
16 MlO Cl22 104F·HPP680 .1000 U CAP POLYPROPYLENE lOOV 1% NPO 
17 MlO Cl23 15F8 n 82.0000 P CAP MICA 2% 
18 MlO Cl24 8C42~08B18 .0470 U CAP MYLAR 50V 10% 
19 MlO C125 21-83162H09 .0010 U CAP DISC 25V 5% N150 
20 MlO C126 8C42-Z08B 15 .0100 U CAP MYLAR 50V 10% 
21 MlO C127 8-11 H 7A08 .0100 U CAP 5% 
22 MlO Cl28 104F)1PP680 .1000 U CAP POLYPROPYLENE 100V 1% NPO 
23 MlO Cl29 15F8 H 82.0000 P CA~ MICA 2% 
24 MlO Cl31 23D81-747L20 100.0000 . U CAP L YTIC 100V 20% 

/ - 25 MlO Cl33 23D82783B25 4.7000 U CAP TANTULUM 25V 
~ 26 MlO Cl34 23082783B25 4.7000 U CAP TANTULUM 25V 

27 MlO Cl37 23D82783B25 4.7000 U CAP TANTULUM 25V 
28 MlO C138 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
29 MlO C138 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
30 MIO Cl39 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
31 MIO C139 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
32 MlO Cl41 21R40020S03 .1000 U CAP CERAMIC 50V 20% ZSU 
33 MlO C142 23D82747L19 10.0000 U CAP L YTI C 50V 20% 
34 MlO C143 21R40020S14 .4700 U CAP CERAMIC 100V 20% ZSU 
35 MlO Cl44 21R40020S14 .4700 U CAP CERAMIC !OOV 20% Z5U 
36 MlO Cl45 21R40020S14 .4700 U CAP CERAMIC lOOV 20% Z5U 
37 MIO Cl46 21R40020S14 .4700 U CAP CERAMIC 100V 20% Z5U 
38 MlO Cl47 21R40020S14 .4700 U CAP CERAMIC lOOV 20% ZSU 
39 MlO Cl48 23-11019A46 100.0000 U CAP L YTIC 25V 
40 MlO C149 ZlD83596E23 .0047 U CAP DISC 200V 10% YSR 
41 MlO Cl50 21083596E23 ~0047 U CAP DISC 200V 10% YSR 
42 MlO Cl51 21083596E23 .0047 U CAP DISC 200V 10% YSR 
43 MlO Cl52 21083596E23 .0047 U CAP DISC 200V 10% YSR 
44 MlO DlOl 48-02054AOO .0000 DIODE GENERAL PURPOSE 
45 MlO D102 48-02054AOO .0000 DIODE GENERAL PURPOSE 
46 MIO D103 48-02054AOO . 0000 DIODE GENERAL PURPOSE 
47 MlO 0104 48-02054AOO .0000 DIODE GENERAL ' PURPOSE 
48 MlO D106 48-02054AOO .0000 DIODE ~ GENERAL PURPOSE 
49 MlO 0107 48-02054AOO .0000 DIODE GENERAL PURPOSE 
50 MIO D108 48-02054AOO . 0000 DIODE GENERAL PURPOSE 

(· 51 MIO 0109 48-02054AOO .0000 DIODE GENERAL PURPOSE 
\ 52 MlO D111 48-02054AOO .0000 DIODE GENERAL PURPOSE 

53 MlO 0112 48-02054AOO . 0000 DIODE GENERAL PURPOSE 
54 MlO 0113 48-02054AOO .0000 DIODE GENERAL PURPOSE 
55 MlO D114 48-0?054AOO .0000 DIODE GENERAL PURPOSE 
56 MIO R104 6S11C09C71 8.2000 K RESIST FCF 1/4W 5% 
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57 MlO R109 6S11009C 67 5.6000 K RESIST FCF l/4W 5% 
58 MlO RllO 6Sl 1009C 73 10.0000 K RESIST FCF 1/4W 5% 59 MlO Rlll 6Sll009C51 3.3000 K RESIST FCF l/4W 5'.t 
60 MlO R112 MF550475LF 4.7500 K RESIST FMF 1/4\~ l '.t 
61 MlO Rl13 MF55D475LF 4. 7500 K RESIST FMF l/4W 1% 
62 MIO Rl14 6S11009C.33 27.0000 K RESIST FCF l/4W 5% 
63 MIO Rl15 6Sll0090 LO 330 . 0000 K RESIST FCF 1/4W 5% 
64 MIO Rll6 6Sll009D 10 330.0000 K RESIST FCF 1/4W 5% 
65 MlO R117 6S11009Cl9 56.0000 RESIST FCF 1/4W .5% 
66 MlO Rll8 6S11009C 77 15.0000 K RESIST FCF 1/4W 5% 
67 MIO Rll9 6Sll009C 81 22.0000 K RESIST FCF l/4W 5% 
68 MlO Rl20 6S11009C 67 5. 6000 K RESIST FCF l/4W 5% 
69 MlO Rl21 6S11009C 73 10.0000 K RESIST FCF l/4W 5% 
70 MlO Rl22 6S11009C 51 3.3000 K RESIST FCF l/4W 5% 
71 MlO Rl23 MF5504751F 4.7500 K RESIST FMF l/4W 1% 
72 MlO Rl24 MF550475lF 4.7500 K RESIST FMF 1/4W 1% 
73 MlO R125 6S11009C 33 27.0000 K RESIST FCF l/4W 5% 
74 MlO Rl26 6Sl1009D10 330.0000 K RESI ST FCF 1/4W 5% 
75 MlO Rl 27 6Sl1009010 330.0000 K RESIST FCF I/4W 5% 
76 MlO R128 6Sll009C83 27.0000 K RESIST FCF l/4W 5'.t 
77 MlO R129 6Sl1009C 77 15.0000 K RESIST FCF 1/4W 5% 
78 MlO R 130 6S 11009C 81 22 . 0000 K RESIST FCF l/4W 5% 
79 MlO R 131 6S 1100 9C 6 7 5.6000 K RESIST FCF I/4W 5% 
80 MlO R132 3299Y-001-502 5.0000 K TRIMPOT CERMET 25T 
81 MlO R133 3299Y-0Cl-502 5. 0000 · K TRIMPOT CERMET 25T 
82 MlO Rl34 3299Y- OOL-502 5.0000 K TRIMPOT CERMET 25T c·. 83 MlO R135 3299Y- OOL-502 5.0000 K TRIMPOT CERMET 25T 
84 MlO R136 6S11009CS7 5.6000 K RESIST FCF l/4W 5% 
85 MlO Rl37 6Sl 1009C 71 8.2000 K RESIST FCF l/4W 5% 
86 MlO R138 6Sll009C 73 10.0000 K RESIST FCF l/4W 5% 
87 MlO . R139 6Sl1009C 75 12.0000 K RESIST FCF l/4W 5% 
88 MlO R140 6Sl1009C 71 8.2000 K RESIST FCF l/4W 5'.t 
89 MlO R141 6S11009C 53 3.9000 K RESIST FCF 1/4W 5% 
90 MlO R142 6Sll009C 71 8.2000 K RESIST FCF 1/4W 5% 
91 MlO R143 6Sl1009C 71 8. 2000 K RESIST FCF 1/4W 5% 
92 MlO R144 6Sl1009C 71 8.2000 K RESIST FCF l/4W 5% 
93 MlO R145 6Sl 1009C 71 8. 2000 K RESIST FCF l/4W 5% 
94 MlO R146 6Sll009C 71 8.2000 K RESIST FCF 1/4~~ 5% 
95 MlO R146 6Sl1009004 180.0000 K RESIST FCF 1/4W 5% 
96 MlO Rl47 6$110090 lO 330.0000 K RESIST FCF l/4W 5% 
97 MlO Rl48 6S11009C 73 10.0000 K RESIST FCF l/4W 5% 
98 MlO RI49 6S11009C '.l5 8?,oooo K RESIST FCF l/4W 5% 
99 MlO Rl 50 MF55D24S•,~F 24.9000 K RESIST FMF l/4W H, 

100 MlO R151 MF55D24~2F 24.9000 K RESIST FMF l/4W 1% 
101 MlO Rl52 MF55010C2F 10.0000 K RESIST FMF l/4W 1% 
102 MlO Rl53 MF55D1002F 10.0000 K RESIST FMF 1/4W 1% 
103 MlO R 154 6Sll 009C 81 22.0000 K RESIST FCF l/4W 5% 
104 MlO Rl55 6Sl1009C 85 33.0000 K RESIST Fe:F l/4W 5% 
105 MlO Rl56 MF5503322F 33 . 2000 K RESIST FMF l/4W 1% 
106 MlO R157 MF55D33?2F 33.2000 K RESIST FMF 1/4W 1% 
107 MlO Rl58 MF55033c2F 33.2000 K RESIST FMF l/4W 1% 
108 MlO Rl59 6S11009C 77 15. 0000 K RESIST FCF 1/4W 5% 
109 MlO Rl60 6Sll009C47 820.0000 RESIST FCF 1/4W 5% 
110 MIO RI6I 6SI1009C73 10. 0000 K RESIST FCF l/4W 5% 
111 MlO Rl62 6S11009C73 10. 0000 K RESIST FCF 1/4W 5% 
112 MlO Rl63 6S11009( 53 1.5000 K RESIST FCF l/4W 5% 
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( 113 MlO R164 6Sll009: 47 820.0000 RESIST FCF 1/4W 5% 

114 MlO R165 6Sll009:47 820.0000 RESIST FCF l/4W 5% 
115 MIO R166 6S11009:53 1. 5000 K RESIST FCF 1/4W 5% 
116 MlO R167 6Sl 1009::47 820.0000 RESIST FCF l/4W 5% 
117 MlO Rl 70 6Sl1009'.:47 820.0000 RESIST FCF 1/4W 5% 
118 MlO R171 6Sll009::53 1.5000 K RESIST .FCF l/4W 5% 
119 MlO R172 6Sll009::47 820.0000 RESIST FCF 1/4W 5% 
120 MlO Rl 73 6Sl1009'.:47 820.0000 RESIST FCF l/4W 5% 
121 MlO Rl74 6Sll009C25 100.0000 RESIST FCF l/4W 5% 
122 MlO Rl 75 6Sl 1009C 53 1.5000 K RESIST FCF 1/4l~ 5% 
123 MlO Rl76 6S11009C31 180. 0000 RESIST FCF 1/4W 5% 
124 MlO Rl 77 6Sll009D04 180.0000 K RESIST FCF l/4W 5% 
125 MlO Rl78 6Sl0164819 330.0000 RESIST FCF l/2W 5% 
126 MlO Rl 79 6Sl 1009004 180.0000 K RESIST FCF l/4W 5% 
127 MlO Rl80 6Sl0164B19 330.0000 RESIST FCF l/2W 5% 
128 MlO Rl81 6Sl 1009004 180. 0000 K RESIST FCF l/4W 5% 
129 MlO Rl82 6S101611B19 330.0000 RESIST FCF l/2W 5% 
130 MlO R183 6S11009004 180.0000 K RESIST FCF 1/41~ 5% 
131 MIO Rl84 6Sl0164B19 . 330.0000 RESIST FCF 1/2W 5% 
132 MlO Rl85 6Sl 100~;C69 6.8000 K RESIST FCF l/4W 5% 
133 MlO Rl86 6S1100~ C69 6.8000 K RESIST FCF 1/4W 5% 
134 MlO R187 3299Y-(J01 -502 5.0000 K TRIMPOT CERMET 25T 
135 MlO R188 6Sl 1009C63 3.9000 K RESIST FCF 1/4W 5% 
136 MlO Rl89 MF550 1002F 10. 0000 K RESIST · FMF l/4W 1% 

( 
137 MlO Rl90 MF5501002F 10.0000 K RESIST FMF 1/4W 1% 

\, 138 MlO Rl91 6Sll009C69 6.8000 K RESIST FCF 1/4W 5% 
139 MlO Rl92 6Sll00°C69 · · 6. 8000 K RESIST FCF l/4W 5% 
140 MlO Rl93 3299Y-001-502 5. 0000 K TRIMPOT CERMET 25T 
141 MlO R194 6SllOO~;C63 3. 9000 K RESIST FCF l/4W 5% 
142 MlO R195 MF5501J,02F 10.0000 K RESIST FMF 1/4W 1% 
143 MlO Rl96 MF5501 (;02F 10.0000 K RESIST FMF 1/4W 1% 
144 MlO Rl97 6Sl1009D02 150.0000 K RESIST FCF l/4W 5% 
145 MlO R198 6Sl1009C95 82.0000 K RESIST FCF 1/4W 5% 
146 MlO R201 6Sl1009C73 10.0000 K RESIST FCF l/4W 5'% 
147 MlO R202 6Sll009C99 120.0000 K RESIST FCF 1/4W 5% 
148 MlO R203 MF5503322F 33.2000 K RESIST FMF 1/4W 1% 
149 MIO R203 6Sl 1009C69 6.8000 K RESIST FCF l/4W 5% 
150 MlO R204 6Sl1009C87 39.0000 K RESIST FCF 1/4W 5% 
151 MlO R205 6Sl 1009C 75 12.0000 K RESIST FCF l/4W 5% 
152 MlO R206 6S11009C 51 1. 2000 K RESIST FCF 1/4W 5% 
153 MIO R207 6S11009C 75 12.0000 K RESIST FCF 1/41~ 5% 
154 MlO R208 6Sl 1009C87 39 .0000 K RESIST FCF l/4W 5% 
155 MlO R209 6S11009C 75 12.0000 K RESIST FCF l/4W 5% 
156 MIO R210 6Sl1009C51 1.2000 K .RESIST FCF 1/4W 5% 
157 MlO R211 6S11009C 75 12.0000 K RESIST FCF 1/4W 5% 
158 MlO R212 MF55D1214F 1. 2100 M RESIST FMF 1/4W 1% 
159 MlO R213 MF55D1004F 1.0000 M RESIST FMF l/4W 1% 
160 MlO R214 MF5504754F 4.7500 M RESIST ;}MF l/4W 1% 
161 MlO R215 MF5501214F 1. 2100 M RESIST FMF 1/4W 1% 
162 MlO R216 MF5505623F 562.0000 K RESIST FMF l/4W 1% 

( 163 MlO R217 MF5502214F 2.2100 M RESIST FMF l/4W 1% 
164 Ml0 R2 19 6Sll009012 390.0000 K RESIST FCF l/4W 5'1o 
165 MlO R220 6Sl 100()008 270 •. 0000 .,.K RESIST FCF l/4W 5% 
166 MIO R221 6S10164K36 1.2000 M RESIST FCF 1/4W 5% 
167 MlO R222 MF5501214F 1. 2100 M RESIST FMF 1/4W 1% 
168 MIO R223 MF55DW04F 1.0000 M RESIST FMF 1/4W 1% 
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169 MlO R224 6S11009<43 560.0000 RESIST FCF l/4W 5% ( . ) 

170 MlO R225 3299Y-0)1-502 5.0000 K TRIMPOT CERMET 25T 
171 MlO R226 6S11009~25 100.0000 RESIST FCF 1/4W 5% 
172 MlO R227 6Sll009:61 3.3000 K RESIST FCF 1/4W 5% 
173 MlO R228 6S110.09:67 5.6000 K RESIST FCF l/4W 5% 
174 MlO R229 6SllOOS :49 1.0000 K RESIST FCF 1/4W 5% 
175 MlO R230 3299Y-0)1-502 5.0000 K TRIMPOT CERMET 25T 
176 MlO R2'31 6S10164 ll9 330.0000 RESIST FCF 1/2W 5% 
177 MlO R232. 6S11009 : 71 8.2000 K RESIST FCF 1/4W 5% 
178 MlO R233 6Sl 1009C 71 8.2000 K RESIST FCF l/4W 5% 
179 MlO R234 6S11009L 99 120.0000 K RESIST FCF l/4W 5% 
180 MlO R235 6Sl1009·: 99 120.0.000 K RESIST FCF l/4W 5% 
181 MlO R236 6S11009,:69 6.S-000 K RESIST FCF 1/4W 5% 
182 MlO R237 6S11009·:87 39. 0000 K RESIST FCF l/4W 5% 
183 MlO R238 6S11009:: 75 12.0000 K RESIST FCF 1/4W 5% 
184 MlO R239 6S11009t:51 1. 200,0 K RESIST FCF 1/4W 5% 
185 MlO R240 6Sl-1009 ;75 12.0000 K RESIST FCF 1/4W 5% 
186 MlO R241 6Sll009 ;73 10.0000 K RESIST . FCF 1/4W 5% 
187 MIO R242 3299Y-Oll-502 5.0000 K TRIMPOT . CERMET 25T 
188 MlO R243 3299Y-Oll-502 5.0000 K TRIMPOT CERMET 25T 
189 MlO R244 6S11009·:67 5.6000 K RESIST FCF 1/4W 5% 
190 MlO R245 3299Y-Oll-253 25.0000 K TRIMPOT CERMET 25T 
191 MlO R246 3299Y-0Jl-502 5.0000 K TRIMPOT CERMET 25T 
192 .MlO R247 3299Y-01H-502 5.0000 K TRIMPOT CERMET . 25T 
193 MlO R250 6Sl1009t:67 5.6000 K RESIST FCF 1/4W 5% 
194 MlO R251 65110091:61 3.3000 K RESIST FCF l/4W 5% ( ) 
195 MlO R252 3006P-001-502 5.0000 K TRIMPOT CERMET 1ST 
196 MlO R254 MF55D47!'i4F 4. 7500 M RESIST FMF 1/4W 1% 
197 MlO R255 3299Y-001-502 5. 0000 K TRIMPOT CERMET 25T 
198 MlO R256 3299Y-Oll l-502 5, 0000 K TRIMPOT CERMET 25T 
199 MlO R257 6Sll009C49 1.0000 K RESIST FCF 1/4W 5% 
200 MIO R258 3299~-001-501 500.0000 TRIMPOT CERMET 25T 
201 MlO R259 3299Y-001-502 5.0000 K TRIMPOT CERMET 25T 
202 MlO R260 3299Y-001-502 5.0000 K TRIMPOT CERMET 25T 
203 MIO R262 6S11009C37 330.0000 RESIST FCF l/4W · S% 
204 MIO R263 6Sl1009C 73 10.0000 K RESIST FCF l/4W 5% 
205 MIO R264 6S11009C73 10.0000 K RESIST FCF 1/4W 5% 
206 Ml O SIOl 40-83249K05 .0000 SWITCH SPOT PC MOUNT RT. ANGLE 
207 MlO UIOl TL082CP . 0000 IC OP. AMP. DUAL 
208 MlO Ul02 MC1495L .0000 IC ANALOG MULTIPLIER 
209 MlO U103 MC1495L .0000 IC ANALOG MULTIPLIER 
210 MlO U104 TL084CN .0000 IC OP. AMP. QUAD 
211 MIO U105 TL084CN .0000 IC OP. AMP. QUAD 
212 MIO Ul06 TL084CN .0000 IC OP. AMP. QUAD 
213 MlO U107 51R84320A35 .0000 IC TIMER MC 1455Pl 
214 MlO Ul08 51R8432nA35 .0000 IC TIMER MC1455Pl 
215 MlO Ul09 51R84320A35 .0000 IC TIMER MC 1.455P 1 
216 MlO UllO 51R84320A35 .0000 IC ~ TIMER MC1455Pl 
217 MIO Ulll TL084CN .0000 IC OP. AMP. QUAD 
218 MlO Ul12 TL084CN .0000 IC OP. .AMP. QUAD 
219 MlO Ul13 TL084CN .0000 IC · OP. AMP. QUAD 
220 MlO U114 51R8432DA50 .0000 IC PLL NE567V 
221 MlO UllS TL084C N .0000 ,,,-., }~ OP. AMP. QUAD 
222 MlO Ul16 51R8432'lA13 .0000 OP. AMP. MC1741CP 
223 MIO Ull 7 51R8432QA51 . 0000 IC COMPARATOR MC3302P 
224 MlO V/Cl 21R40020S14 .4700 . U CAP CERAM IC 100V 20% Z5U 
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( 225 Mll C304 473FOl?P580 .0470 U CAP POLYPROPYLENE 100V 1% NPO 

· 226 Mll C305 473F01PP580 .0470 U CAP POLYPROPYLENE. lOOV 1% NPO 
227 Mll C312 473F01PP580 .0470 U CAP POLYPROPYLENE 100V 1% NPO 
228 Mll C313 473F01PP580. .0470 U CAP POLYPROPYLENE 100V 1% NPO 
229 Mll C317 23D845:l8G02 4.7000 U CAP TANTULUM 20V 20% 
230 Mll C318 23D845J8G02 4.7000 U CAP TANTULUM 20V 20% 
231 Mll C319 23082397D15 10.0000 U CAP TANTULUM 20V 20% 
232 Mll C320 230823'l7D15 10.0000 U CAP TANTULUM 20V 20% 
233 Mll C321 23082397D15 10.0000 U CAP TANTULUM 20V 20% 
234 Mll C322 23082397D15 10.0000 U CAP TANTULUM 20~ 20% 
235 Mll C323 23-110:'. 9A46 100.0000 U CAP L YTIC 25V 
236 Mll C324 21R40020S14 .4700 U CAP CERAMIC 100V 20% Z5U 
237 Mll C325 21R40020Sl4 .4700 U CAP CERAMIC 100V 20% Z5U 
238 Mll C326 23-11019A46 100.0000 U CAP L YTIC 25V 
239 Mll C327 21R40020Sl4 .4700 U CAP CERAMIC lOOV 20% ZSU 
240 Mll C328 21R40020$04 .0100 U CAP CERAMIC 50V 20% Z5U 
241 Mll C329 23082747L20 100.0000 lJ CAP L YT IC 100V 20% 
242 Mll C330 21-82428B 10 .0033 U CAP DISC lOOV 10% X5R 
243 Mll C331 21-82428B10 . 0033 U CAP DISC 100V 10% X5R 
244 Mll C332 21082428B48 . 0010 U CAP CERAMIC 100% X7R 
245 Mll C333 21082428B48 . 0010 U CAP CERAMIC 100% X7R 
246 Mll C334 23D82747L20 100.0000 U CAP L YTIC lOOV 20% . 
247 Mll C335 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
248 Mll C336 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 

(- 249 Mll C337 23082747Ll9 10.0000 U CAP L YTIC 50V 20% 
250 Ml 1 C338 23082747Ll9 10.0000 U CAP L YTI C 50V 20% 
251 Mll C339 23082747L20 100.0000 U CAP L YTIC lOOV 20% 
252 Mll C340 8C42208B18 .0470 U CAP MYLAR 50V 10% 
253 Ml! C341 8C42208B18 .0470 U CAP MYLAR 50V 10% 
254 Ml 1 C342 23-11019A46 100.0000 U CAP L YTIC 25V 
255 Mll C343 23082747L20 100.0000 U CAP L YTIC ioov 20% 
256 Mll C344 21083596E23 .0047 U CAP DISC 200V 10% YSR 
257 Ml! ·c345 21R40020Sl4 .4700 U CAP CERAMIC 100V 20% Z5U 
258 Mll C346 21R40020S14 .4700 U CAP CERAMIC lOOV 20% Z5U 
259 Mll C347 21R40020Sl4 .4700 U CAP CERAMIC lOOV 20% Z5U 
260 Mll C348 21R40020S 14 .4700 U CAP CERAMIC 100V 20% Z5U 
261 Mll C349 21D83596E23 . 0047 U CAP DISC 200V 10% Y5R 
262 Mll C350 21R40020Sl4 . 4700 U CAP CERAMIC 100V 20% Z5U 
263 Mll C351 21R40020Sl4 .4700 U CAP CERAMIC lOOV 20% ZSU 
264 Mll 0301 21R40020S04 .0100 U CAP CERAMIC 50V 20% Z5U 
265 Mll 0302 21R40020S04 .0100 U CAP CERAMIC 50V 20% Z5U 
266 Mll 0304 21R40020S04 .0100 U CAP CERAMIC 50V 20% Z5U 
267 Mll 0305 21R40020S04 .0100 U CAP CERAMIC 50V 20% Z5U 
268 Mll 0301 48R00869570 .0000 TRANSIST NPN 9570 
269 Mll R318 MF55D6813F 681.0000 K RESIST - FMF 1/4W 1% 
270 Mll R319 MF55D6813F 681.0000 K RESIST FMF l/4W 1% 
271 Ml! R320 MF55D5622F 56.2000 K RESIST ~FMF 1/4W 1% 
272 Mll R321 MF55D5622F 56.2000 K RESIST FMF l/4W 1% 
273 Mll R322 MF55D5622F 56.2000 K RESIST FMF l/4W 1% 
274 Mll R323 MF5505622F 56.2000 K RESIST FMF l/4W 1% 

( 275 Mll R324 MF5505622F 56.2000 K RESIST FMF l/4W 1% 
276 Ml! R325 3299Y-001-104 100.0000 K TRIMPOT CERMET 25T 
277 Mll R326 6Sll009D08 270.-0000 K RESIST FCF 1/4W 5% 
278 Mll R327 6Sl1009C53 1.5000 K RESIST FCF 1/4W 5% 
279 Mll R343 6Sl1009C25 100.0000 RESIST FCF 1/4W 5% 
280 Mll R357 MF5506813F 681 .0000 K RESIST FMF l/4l~ H 
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281 Mll R358 MF55D5E22F 56.2000 K RESIST FMF l/4W 1% i' ' ' 
282 Mll R359 MF55D5E22F 56.2000 K RESIST FMF 1/4W 1% 
283 Mll R360 MF55D5622F 56 . 2000 K RESIST FMF 1/4W 1% 
284 Mll R361 MF5505622F 56.2000 K RESIST FMF l/4W 1% 
285 Mll R362 MF55D5f22F 56.2000 K RESIST FMF l/4W 1% 
286 Mll R363 3299Y-001-104 100. 0000 K TRIMPOT CERMET 25T 
287 Mll R364 6Sl 1009008 270.0000 K RESIST FCF 1/4W 5% 
288 Mll R365 MF55D6813F 681.0000 K RESIST FMF l/4W 1% 
289 Mll R365 6S11009C53 1.5000 K RESIST FCF 1/41-1 5% 
290 Mll R377 6S11009C85 33.0000 K RESIST FCF 1/4W 5% 
291 Mll R378 6Sll009C 73 10.0000 K RESIST FCF 1/4W 5% 
292 Mll R379 6Sll00SC 71 8.2000 K RESIST FCF 1/4W 5% 
293 Mll R380 3299Y-C-Ol-502 5.0000 K TRIMPOT CERMET 25T 
294 Mll R38:l 6Sl 100~ C71 8.2000 K RESIST FCF 1/4W 5% 
295 Mll R382 6Sl lOO~·C 71 8.2000 K RESIST FCF l/4W 5% 
296 Mll R383 3299Y-001-502 5.0000 K TRIMPOT CERMET 25T 
297 Mll R384 6Sl lOOllC 71 8.2000 K RESIST FCF 1/4W 5% 
298 Mll R385 3299Y-!l01-502 5.0000 K TRIMPOT CERMET 25T 
299 Mll R386 6SllOOt1C57 2. 2000 . K RESIST FCF 1/4W 5% 
300 Ml 1 R387 3299Y-(10l-502 5.0000 K TRIMPOT CERMET 25T 
301 Mll R389 6S1l00<1c2s 100.0000 RESIST FCF 1/4W 5% 
302 Mll R390 6Sll00!1C25 100.0000 RESIST FCF 1/4W 5% 
303 Mll R391 6Sll00(1C25 100.0000 RESIST FCF 1/4W 5% 
304 Mll R392 6S1100!tC25 100.0000 RESIST FCF l/4W 5% 
305 Mll R394 6SllOO!tC25 . 100.0000 RESIST FCF 1/4W 5% (~' -306 Mll R395 6S1100!1C47 820.0000 RESIST FCF l/4W 5% 
307 Mll R396 6Sll009C47 820.0000 RES.I ST FCF l/4W 5% 
308 Ml 1 R397 6S11009C53 1.5000 K RESIST FCF l/4W 5% 
309 Mll R398 MF55D1213F 121.0000 K RESIST FMF l/4W 1% 
310 Mll R399 MF5503322F 33 . 2000 K RESIST FMF l/4W 1% 
311 Ml 1 R401 6S11009C25 100.0000 RESIST FCF l/4W 5% 
312 Mll R402 3299Y-001-501 500.0000 TRIMPOT CERMET 25T 
313 Mll R403 MF5503322F 33.2000 K RESIST FMF 1/4W 1% 
314 Mll R404 MF5501213F 121.0000 K RESIST FMF 1/414 1% 
315 Mll R405 6S11009004 180.0000 K RESIST FCF 1/4.W 5% 
316 Mll R406 6Sl0164819 330.0000 RESIST FCF l/2W 5% 
317 Mll R407 6Sl0164819 330.0000 RESIST FCF l/2W 5% 
318 Mll R408 6Sll009C47 820.0000 RESIST FCF l/4W 5% 
319 Mll R409 6Sl1009C4T 820.0000 RESIST FCF l/4W 5% 
320 Mll R410 MF5501213F 121.0000 K RESIST FMF l/4W 1% 
321 Mll R411 MF5503322F 33.2000 K RESIST FMF l/4W 1% 
322 Mll R412 6S11009C25 100.0000 RESIST FCF l/4W 5% 
323 Mll R413 3299Y-001-501 500.0000 TRIMPOT CERMET 25T 
324 Mll R414 MF5503322F 33.2000 K RESIST FMF 1/4W 1% 
325 Mll R415 MF5501213F 121. 0000 K RESIST FMF 1/41~ 1% 
326 Mll R416 6Sll009D04 180.0000 K RESIST FCF l/4W 5% 
327 Mll R417 6Sl0lfi4B19 330.0000 RESIST,, FCF l/2W 5% 
328 Mll R418 6S10164B19 330.0000 RESIST · FCF 1/2W 5% 
329 Mll R419 6S11009C73 10.0000 K RESIST FCF l/4W 5% 
330 Mll R421 6S11009C53 1.5000 K RESIST FCF l/4W 5% 
331 Mll R422 6S11009C29 150.0000 RESIST FCF 1/4W 5% 
332 Mll R425 6S11009C67 5.6000 K RESIST FCF 1/4W 5% 
333 Mll R426 6Sl 1009C57 2. 2000 , .. -~ K RESIST FCF 1/4W 5% 
334 Mll R427 6Sll009C57 2.2000 K RESIST FCF 1/4W 5% 
335 Mll R428 6S11009C53 1.5000 · K RESIST FCF l/4W 5% 
336 Mll R429 6Sl1009C53 1.5000 K RES IST FCF 1/4W 5% 
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( 337 Mll R430 6Sl l009C97 100.0000 K RESIST FCF 1/41✓ 5% 

338 Mll R431 6Sl l009C 97 100.0000 K RESIST FCF 1/4W 5% 
339 Mll R432 6Sl L009C61 3.3000 K RESIST FCF 1/4W 5% 
340 Mll R,l33 6Sl ,009C2~ 100.0000 RESIST FCF 1/4W 5% 
341 Mll R434 6Sl l009CO} 10.0000 RESIST FCF 1/4W 5% 
342 Mll R1l35 6Sl t009C01 10. 0000 RESIST FCF 1/4W 5% 
343 Mll R-+36 6Sl l009C61 3.3000 K RESIST FCF l/4W 5% 
344 Mll R1137 6Sl l009C25 100.0000 RESIST FCF 1/4W 5% 
345 Mll R +38 6Sl l009C57 2. 2000 K RESIST FCF 1/4W 5% 
346 Ml 1 R439 6Sl l009C73 10.0000 K RESIST FCF l/4W 5% 
347 Mll R440 6Sl l009C 75 12.0000 K RESIST FCF l/4W 5% 
348 Mll R441 6-0!ll24B54 22.0000 M RESIST FC 1/8W 5% 
349 Mll R t42 6Sl L009C69 6.8000 K RESIST FCF 1/4W 5% 
350 Mll R H3 6Sl l009C 73 10. 0000 K RESIST FCF 1/4W 5% 
351 Mll R H4 6Sl l.009C41 470.0000 RESIST FCF 1/4W 5% 
352 Mll R-+45 6Sll009C21 68.0000 RESIST FCF 1/4W 5% 
353 Mll R446 6Sl l009C65 4. 7000 K RESIST FCF 1/4W 5% 
354 Mll R447 6Sl 100.9C 75 12.0000 K RESIST FCF 1/4W 5% 
355 Mll R448 6-00124854 22.0000 M RESIST FC 1/8W 5% 
356 Mll R449 6Sl 1009(69 6. 8000 K RESIST FCF l/4W 5% 
357 Mll R450 6Sl 1009C 73 10.0000 K RESIST FCF l/4W 5% 
358 Mll R451- 6Sll009C41 470.0000 RESIST FCF 1/4W 5% 
359 Mll R452 6Sl1009C21 68.0000 RESIST FCF 1/4W 5% 
360 Mll R453 6S11009C57 2.,2000 K RESIST FCF 1/4W 5% 

/. 361 Mll R454 6Sl 1009C 57 2.2000 K RESIST FCF 1/4W 5% 
\ 362 Mll R455 MF55Dl002F 10.0000 K RESIST FMF l/4W 1% 

363 Mll R456 MF55D1002F 10.0000 K RESIST FMF l/4W 1% 
364 Mll R457 MF5501002F 10.0000 K RESIST FMF 1/4W 1% 
365 M 11 R458 MF55D1002F 10.0000 K RESIST FMF l/4W 1% 
366 Mll R46R 6Sll009C7~ 10.0000 K RESIST FCF 1/4W 5% 
367 Mll R461 6S11009C7'.~- 10.0000 K RESIST FCF l/4W 5% 
368 Mll Ri62 6S11009C73 10.0000 K RESIST FCF l/4W 5% 
369 Mll R463 6Sll009C81 22.0000 K RESIST FCF 1/411 5% 
370 Mll R465. 6S11009C85 33.0000 K RESIST FCF l/4W 5% 
371 Mll R466 6Sl 1009C 73 10.0000 K RESIST FCF l/4W 5% 
372 Mll · R467 6S11009C4'l 1. 0000 K RESIST FCF l/4W 5% 
373 Mll R468 6Sl1009C3./ -330. 0000 RESIST FCF 1/4W 5% 
374 Mll T301 M47A254 .0000 TRANSF AUDIO 1500 OHM PRI 600 OH 
375 Mll T302 M47A254 .0000 TRANSF AUDIO 1500 OHM PRI 600 OH 
376 Mll U301 Tl084CN . 0000 IC OP. AMP . . QUAD 
377 Mll U302 TL084CN .0000 IC OP. AMP. QUAD 
378 Mll U303 TL082CP .0000 IC OP. AMP. DUAL 
379 Mll U304 TL084CN . 0000 IC OP. AMP . QUAD 
380 Mll U305 TL084CN .0000 IC OP. AMP . QUAD 
381 Mll U306 51R84320A~ 1 .0000 IC COMPARATOR MC3302P 
382 Mll U307 51R84320A? 5 .0000 IC TIMER MC1455Pl 
383 Mll U308 TL084CN .0000 IC OP . AMP. QUAD 
384 Mll U309 TL084CN .0000 IC OP. AMP. QUAD 
385 Mll U310 51R84320A~5 .0000 IC TIMER MC1455Pl 
386 M14 C900 23C05253D01 2000.0000 U CAP L YT IC 50V 

( 387 M14 C901 23C05253D01 2000. 0000 U CAP LYTIC SOV 
388 Ml4 C902 8-11017Al7 • 1000 U CAP MYLAR ·sov 5% 
389 Ml4 C904 8-11017Al7 .1000 U CAP MYLAR 50V 5% 
390 Ml4 C906 23C05253001 2000.0000 U CAP L YTIC 50V 
391 M14 C908 8-11017Al 7 .1000 U CAP MYLAR 50V 5% 
392 Ml4 C909 23D84669A?7 2.0000 U CAP LYTIC 25V +150- 10% 
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393 M14 C910 23084669A27 2.0000 U CAP LYTIC 25Y +150-101 
394 M14 0900 IN4720 .0000 DIODE RECTIFIER POWER 395 M14 0901 I N4 720 . 0000 DIODE RECTIFIER POWER 396 M14 0902 IN4720 . 0000 DIODE RECTIFIER POWER 
397 M14 0903 IN4720 .0000 DIODE RECTIFIER POWER 398 M14 0904 48-82525G07 .0000 DIODE RECTIFIER POWER 
399 M14 0905 48-82525G07 .0000 DIODE RECTIFIER POWER 
400 M14 D909 IN4002 .0000 DIODE RECTIFIER lOOY 401 M14 U900 MC7815 .0000 IC REGULATOR 15Y 402 M14 U901 MC7805 .0000 IC REGULA TOR 5V 
403 Ml4 U902 MC7915 .0000 IC REGULATOR -15Y 404 Ml6 C501 21082133G33 6.8000 P CAP DISC SOOY .5 NPO 405 M16 C502 21082133G33 6.8000 P CAP DISC SOOY • 5 NPO 
406 M16 C503 8C42208818 . 0470 U CAP MYLAR 50V .10% 407 M16 C504 8C42208818 .0470 U CAP MYLAR 50V 10% 
408 M16 C508 21R40020Sl4 . 4700 U CAP CERAMIC lOOY 20% Z5U 409 M16 C509 21D82133G33 6.8000 P CAP DISC 500V .5 NPO 410 Ml6 C510 8C42208818 .0470 U CAP MYLAR SOY 10% 411 Ml6 C512 21D82133G35 56.0000 P CAP DISC 500V 5% NPO 
412 M16 C513 21D82133G35 56 .0000 P CAP DISC SOOY 5% NPO 413 Ml6 C514 8C42208827 .0010 U CAP MYLAR 50V 10% 414 M16 C515 8C42208827 . 0010 U CAP MYLAR SOY 10% 
415 M16 C516 8-11017A 13 .0330 U CAP METALIZED POLYESTER 5% 416 M16 CSl 7 8-11017Al3 .0330 U CAP METALIZED POLYESTER 5% 417 Ml6 C518 21R40020S23 .0010 U CAP CERAMIC lOOV 10% X7R 
418 Ml6 C519 21R40020S23 . 0010 U CAP CERAMIC lOOY 10% X7R ( .) 419 Ml6 C520 21082133G35 56.0000 P CAP DISC 500V 51 NPO 420 M16 C521 21D82133G35 56.0000 P CAP DISC SOOY 5% NPO 
421 Ml6 C522 21082133G35 56.0000 P CAP DISC 500V 5% NPO 422 M16 C523 21D82133G35 56.0000 P CAP DISC SOOV 5% MPO 
423 M16 C524 8-10212A10 1.0000 U CAP lOOY 10% 
424 M16 C525 8-10299813 6.8000 U CAP 100V 10% 
425 Ml6 C527 8C42208827 . 0010 U CAP MYLAR 50V 10% 
426 Ml6 C530 8C42208818 . 0470 U CAP MYLAR SOY 10% 
427 Ml6 C533 8C42208818 .0470 U CAP MYLAR 50V 10% 
428 Ml6 C534 21082428848 . 0010 U CAP CERAMIC 100% X7R 
429 M16 C539 21082133G83 33.0000 P CAP DISC SOOY 5% Nl50 
430 Ml6 C540 8C42208B18 .0470 U CAP MYLAR 50V 10% 
431 Ml6 C541 21082133G83 33. 0000 P CAP DISC 500V 5% N150 432 M16 C542 8C42208B18 . 0470 U CAP MYLAR SOV 10% 433 Ml6 C543 21D82133G03 100. 0000 P CAP DISC 500V 5% N750 
434 Ml6 C544 8C42208818 . 0470 U CAP MYLAR 50V 10% 
435 Ml6 C545 8C 42208815 .0100 U CAP MYLAR 50V 10% 
436 M16 C546 8C42208815 . 0100 U CAP MYLAR SOY 10% 
437 M16 C547 8C42208818 .0470 U CAP MYLAR 50V 10% 
438 M16 C548 21D82133G03 100.0000 P CAP DISC 500V 5% N750 
439 M16 C549 21082133G03 100.0000 P CAP DISC 500Y 5% N750 440 Ml6 C553 8C42208816 .0047 U CAP , MYLAR 50V 10% 
441 Ml6 C554 8C42208816 .0047 U CAP MYLAR 50V 10% 
442 M16 · C555 8C42208B16 . 0047 U CAP MYLAR 50V 10% 
443 Ml6 C556 8C42208816 .0047 U CAP MYLAR 50V 10% 
444 Ml6 C557 8C42208818 . 0470 U CAP MYLAR 50V 10% ~ I 445 M16 C559 8C42208815 .0100 U CAP MYLAR. 50V 10% 
446 Ml6 C560 8C42208B18 .0470 U CAP MYLAR 50V 10% 
447 M16 C561 21082133G35 56.0000 P CAP DISC SOOY 5% NPO 
448 Ml6 C562 23082783825 4.7000 U CAP TANTULUM 25V 
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/ 

449 M16 C564 8C42208816 .0047 U CAP MYLAR SOV 10'%, \ 

450 M16 C565 8C42208816 .0047 U CAP MYLAR 50V 10% 
451 M16 C566 21R40020S14 .4700 U CAP CERAMIC 100V 20% ZSU 
452 Ml6 C567 8C42208818 .0470 U CAP MYLAR SOV 10% 
453 M16 C568 8C42208818 .0470 U CAP MYLAR 50V 10% 
454 M16 C569 21R40020S14 .4700 U CAP CERAMIC 100V 20% ZSU 
455 M16 C570 8C42208818 .0470 U CAP MYLAR SOV '10% 
456 Ml6 C571 8C42208818 .0470 U CAP MYLAR 50V 10% 
457 Ml6 C572 8C42208818 .0470 U CAP MYLAR 50V 10% · 
458 Ml6 C573 8C42208Bi8 .0470 U CAP MYLAR 50V 10% 
459 M16 C581 8C42208B 18 ' .0470 U CAP MYLAR 50V 10% 
460 M16 C582 8C42208B18 .0470 U CAP MYLAR 50V 10% 
461 M16 C583 8C42208818 .0470 U CAP MYLAR 50V . 10% 
462 Ml6 C584 21[)82133G83 33.0000 P CAP DISC 500V 5% Nl50 
463 Ml6 C585 21082133G83 33.0000 P CAP DISC 500V 5% Nl50 
464 M16 C586 21D83162H33 .0018 U CAP CERAMIC 50V 5% NPO 
465 M16 C587 2Hl83596E23 .0047 U CAP DISC 200V 10% YSR 
466 M16 C588 21R40020S03 .1000 U CAP CERAMIC 50V 20% ZSU 
467 M16 0501 48~-02054AOO .0000 DIODE GENERAL PURPOSE 
468 M16 D503 48--82190H32 .0000 DIODE VARACTOR MV109 
469 Ml6 0504 48--02054AOO .0000 DIODE GENERAL PURPOSE 
470 M16 0505 48-,02054AOO . 0000 DIODE GENERAL PURPOSE 
471 Ml6 D506 48--02054AOO .0000 DIODE GENERAL PURPOSE 
472 M16 E501 74JA7 .0000 RELAY REED GORDOS 

c~ 473, Ml6 L501 82--0523 .0000 TRANSF RF IF4 lOMM 
474 M16 L502 82--0522 .0000 TRANSF RF IF3 lOMM 

' 475 M16 Q501 48r:00869571 .0000 TRANSIST PNP 9571 
476 M16 Q502 48~'.00869571 .0000 TRANSIST PNP 9571 
477 M16 Q503 48R00869570 .0000 TRANSIST NPN 9570 
478 Ml6 Q504 48F:00869570 .0000 TRANSIST NPN 9570 
479 Ml6 0505 48R00869570 . 0000 TRANSIST NPN 9570 
480 Ml6 Q506 48R00869571 .0000 TRANSIST PNP 9571 
481 M16 Q507 48P.00869570 .0000 TRANSIST NPN 9570 
482 Ml6 Q508 48P.008'69571 .0000 TRANSIST PNP 9571 
4B3 Ml6 Q509 48R00869571 .0000 TRANSIST PNP 9571 
484 M16 Q510 48R00869570 .0000 TRANSIST NPN 9570 
485 M16 Q511 48R00869571 .0000 TRANSIST PNP 9571 
486 M16 · 0512 48R00869571 .0000 TRANSIST PNP 9571 
487 Ml6 Q513 48R00869878 .0000 TRANSIST FET 9878 
488 M16 Q514 48R00869570 .0000 TRANSIST NPN 9570 
489 M16 RR50 3006P-001-101 100.0000 TRIMPOT CERMET 15T 
490 Ml6 R501 3006P-001-103 10.0000 K TRIMPOT CERMET 15T 
491 M16 R502 3006P-001~504 500.0000 K TRIMPOT CERMET 1ST 
492 Ml6 R503 3006P-001-101 100.0000 TRIMPOT CERMET 1ST 
493 M16 R504 3006P~001-101 100.0000 TRIMPOT CERMET 1ST 
494 Ml6 R509 6Sl1009C35 270.0000 RESIST FCF 1/4W 5% 
495 M16 R510 6Sl1009C35 270.0000 RESIST FCF l/4W 5% 
496 M16 R511 MF55D4020F 402.0000 RESISi FMF 1/4W 1% 
497 M16 R512 MF55D3010F 301.0000 RESIST FMF 1/4W 1% 
498 M16 R513 MF55D4020F 402.0000 RESIST FMF l/4W 1% 

( 499 M16 R514 MF55D3010F 301. 0000 RESIST FMF l/4W 1% 
500 Ml6 R515 MF55Dl001F 1.0000 K RESIST FMF l/4W 1% 
501 M16 R516 MF55D lOOlF 1.0000 K RESIST FMF 1/4W 1% 
502 Ml6 R517 6Sl 1009C25 100.0000 RESIST FCF 1/4W 5% 
503 Ml6 R518 6S11009C49 1.0000 K RESIST FCF l/4W 5% 
504 Ml6 R519 6S11009C49 1.0000 K RESIST FCF 1/4W 5% 
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505 M16 R520 6Sl1009C25 100.0000 RESIST FCF 1/4W 5% () 
506 M16 R521 6Sl 1009C25 100. 0000 RESIST FCF 1/4W 5% 
507 M16 R522 6S11009(37 330.0000 RESIST FCF 1/4W 5% 
508 M16 R523 6Sl 1009C21 68.0000 RESIST FCF 1/4W 5% 
509 Ml6 R524 6Sl 1009C21 68.0000 RESIST FCF 1/4W 5% 
510 Ml6 R525 6Sl 1009C37 330.0000 RESIST FCF l/4W 5% 
511 Ml6 R526 6Sll009C09 22.0000 RESIST FCF l/4W 5% 
512 Ml6 R527 6S11009C09 22.0000 RESIST FCF l/4W 5% 
513 Ml6 R528 MF5502741F 2.7400 K RESIST FMF 1/4W 1% 
514 M16 R529 MF5502741F 2.7400 K RESIST FMF 1/4W 1% 
515 Ml6 RS.30 6S11009C 21 68.0000 RESIST FCF l/4W 5% 
516 M16 R531 6Sl 1009C45 680.0000 RESIST FCF 1/4W 5% . 
517 Ml6 R532 6Sll009C21 68.0000 RESIST FCF -l/4W 5% 
518 Ml6 R533 .6Sl 1009C 55 1. 8000 K RESIST FCF 1/4W 5% 
519 Ml6 R534 6Sl 1009C45 680.0000 RESIST FCF l/4W 5% 
520 Ml6 R535 6Sll009C21 68.0000 RESIST FCF l/4W 5% 
521 Ml6 R536 6S11009C21 68.0000 RESIST FCF l/4W 5% 
522 M16 R537 6Sl1009C47 820.0000 RESIST FCF 1/4W 5% 
523 M16 R538 6Sl1009C49 1. 0000 K RESIST FCF l/4W 5% 
524 M16 R539 6S11009C47 820.0000 RESIST FCF l/4W 5% 
525 M16 R540 6S11009C66 5.1000 K RESIST FCF l/4W 5% 
526 M16 R541 6Sll009C54 1.6000 K RESIST FCF 1/4W 5% 
527 M16 R542 6Sll009C58 2.4000 K RESIST FCF l/4W 5% . 
528 M16 R543 6S11009C58 2.4000 K RESIST FCF 1/4W 5% 
529 M16 . R544 ·6S11009C41 470.0000 RESIST FCF 1/4W 5% 
530 M16 R545 6Sl 1009C41 470.0000 RESIST FCF 1/4W 5% ,,,.,..~.., 

531 M16 R546. 6S11009C63 3.9000 K RESIST FCF 1/4W 5% (_ ) 

532 Ml6 R547 6S11009C59 2.7000 K RESIST FCF 1/4W 5% 
533 Ml6 R548 6S11009C59 2.7000 K RESIST · FCF J/4W 5% 
534 Ml6 R549 6S11009C65 4.7000 K RESIST FCF 1/4W 5% 
535 M16 R550 6S11009C59 2.7000 K RESIST FCF 1/4W 5% 
536 Ml6 R551 6S11009C 75 12.0000 K RESIST FCF -l/4W 5% 
537 Ml6 R552 6Sl1009C59 2.7000 K RESIST FCF l/4W 5% 
538 Ml6 R553 6Sl1009C 54 1.6000 K RESIST FCF 1/4H 5% 
539 M16 R554 6Sl 1009C 75 12.0000 K RESIST FCF 1/4W 5% 
540 M16 R555 6Sl 1009C59 2.7000 K RESIST FCF l/4W 5% 
541 Ml6 R556 6S11009C59 2.7000 K RESIST FCF l/4W 5% 
542 Ml6 R557 6S11009C83 27.0000 K RESIST FCF l/4W 5% 
543 M16 R558 6Sl1009C83 27.0000 K RESIST FCF 1/4W 5% 
544 Ml6 R559 6S11009C91 56.0000 K RESIST FCF l/4W 5% 
545 Ml6 R560 6S11009C91 56.0000 K RESIST FCF 1/4W .5% 
546 Ml6 R561 6S11009C45 680.0000 RESIST FCF 1/4W 5% 
547 M16 R562 6Sl1009C95 82.0000 K RESIST FCF 1/4W 5% 
548 Ml6 R563 6Sl0164K42 2.2000 M RESIST FCF l/4W 5% 
549 Ml6 R564 6S11009C49 1. 0000 K RESIST FCF l/4W 5% 
550 Ml6 R565 6Sll009C51 1. 2000 K RESIST FCF l/4W 5% 
551 Ml6 R566 6Sll009C21 . 68. 0000 RESIST FCF l/4W 5% 
552 M16 R567 6S11009C21 68.0000 RESIST:· FCF 1/4W 5% 

.553 M16 R568 6S11009C61 3.3060 K RESIST FCF l/4W 5% 
554 M16 R569 6S10164K36 1.2000 M RESIST FCF l/4W 5% 
555 M16 R570 6Sl1009C92 62 . 0000 K RESIST FCF l/4W 5% 
556 Ml6 R571 3006P-001-502 5.0000 K TRIMPOT CERMET 1ST 
557 M16 R572 6S11009C61 3.3000 K RESIST FCF l/4W 5% 
558 M16 R573 6S11009C41 470.0000 RESIST FCF 1/4W 5% 
559 M16 R574 6S11009008 270.0000 K RESIST FCF 1/4W 5% 
560 Ml6 R575 6S11009C88 43.0000 K RESIST FCF 1/4W 5% 
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( 561 Ml6 R576 6S11009C 91 56.0000 K RESIST FCF 1/4W 5% 

562 Ml6 R577 6S11009C83 27.0000 K RESIST FCF 1/4W 5% 
563 M16 R578 6Sll009C83 27.0000 K RESIST FCF 1/4W 5% 
564 Ml6 R579 6S11009C91 56.0000 K RESIST FCF 1/4W 5% 
565 M16 R580 6511009C59 2. 7000 K RESIST FCF 1/4}/ 5% 
566 M16 R581 6Sl 1009C59 2.7000 K RESIST FCF 1/4W 5% 
567 Ml6 R582 6511009C91 56.0000 K RESIST FCF l/4W 5% 
568M16 · R583 6S11009C83 27.0000 K RESIST FCF 1/4W 5% · 
569 Ml6 R584 6Sll009C83 27.0000 K RESIST FCF 1/4W 5% 
570 Ml6 R585 6Sl 1009C 91 56.0000 K RESIST FCF 1/4W 5% 
571 M16 R586 6Sl 1009C21 68.0000 RESIST FCF l/4W 5% 
572 Ml6 R587 6511009C21 68.0000 RESIST FCF 1/4W 5% 
573 Ml6 R588 MF5502741F 2.7400 . K RESIST FMF l/4l4 1% 

. 574 M16 R589 6Sll009C10 24. 0000 RESIST FCF 1/4~~ 5% 
575 Ml6 R590 6Sll009C45 680.0000 RESIST FCF 1/4W 5% 
576 Ml6 R591 MF5502741F 2.7400 K RESIST FMF l/4W 1% 
577 Ml6 R592 6S11009Cl0 24.0000 . RESIST FCF 1/41~ 5% 
578 M16 R593 6S11009C54 1.6000 K RESIST FCF 1/4W 5% 
579 M16 R594 6Sll009D14 470.0000 K RESIST FCF 1/4W 5% 
580 M16 R595 6Sl 1009C21 68.0000 RESIST FCF 1/4W 5% 
581 M16 R596 6Sll009C21 68.0000 RESIST . FCF 1/4W 5% 
582 M16 R597 MF55D2741F 2.7400 K RESIST FMF 1/4W 1% 
583 M16 R598 6Sl1009C54 1.6000 K RESIST FCF 1/4W 5% 
584 Ml6 R599 6Sll009C45 680.0000 RESIST FCF l/4W 5% 

( 
( 585 Ml6 R601 6Sl 1009C09 22 ;0000 RESIST FCF 1/4W 5% 
--586- MI-6 R602 6Sl1009C09 22.0000 RESIST FCF 1/4W 5% 

587 Ml 6 R603 6Sl 1009C37 330.0000 RESIST FCF l/4W 5% 
588 Ml6 R604 6Sl 1009C45 680.0000 RESIST FCF l/4W 5% 
589 M16 R605 6Sl 1009C09 22.0000 RESIST FCF l/4W 5% 
590 Ml6 R606 6S11009C37 330.0000 RESIST FCF l/4W 5% 
591 Ml6 R607 6Sll009C57 2.2000 K RESIST FCF 1/4W 5% 
592 Ml6 R608 6S11009C57 2.2000 K RESIST FCF l/4W 5% 
593 Ml 6 R609 6S11009C55 1.8000 K RESIST FCF l/4W 5% 
594 Ml6 R610 6Sll009C55 1.8000 K RESIST FCF l/4W 5% 
595 M16 R611 MF5502741F 2.7400 K RESIST FMF l/4W 1% 
596 Ml6 R612 6Sll009Cl8 51.0000 RESIST FCF l/4W 5% 
.597 Ml6 R613 6Sll009Cl8 51.0000 RESIST FCF l/4W 5% 
598 Ml6 R614 6Sll009C57 2.2000 K RESIST FCF l/4W 5% 
599 Ml 6 R615 6S11009C65 4.7000 K RESIST FCF 1/4W 5% 
600 Ml6 R616 6S11009C69 6.8000 K RESIST FCF l/4W 5% 
601 M16 R617 6Sl1009C39 390.0000 RESIST FCF 1/4W 5% 
602 Ml6 R618 6Sll009C39 390.0000 RESIST FCF 1/4\~ 5% 
603 Ml6 R619 MF55D2741F 2. 7400 K RESIST FMF 1/4W 1% 
604 M16 R620 MF5502741F 2.7400 K RESIST FMF 1/4W 1% 
605 Ml6 R621 6S11009Cl8 51.0000 RESIST FCF 1/4W 5% 
606 Ml6 R622 6Sl1009Cl8 51.0000 RESIST FCF l/4W 5% 
607 Ml6 R623 MF5502741F 2.7400 K RESIST FMF l/4W 1% 
608 Ml6 R624 MF5502741F 2.7400 K RES I Sf FMF l/4W 1% 
609 Ml6 R625 6Sll009Cl8 51. 0000 RESIST FCF l/4W 5% 
610 Ml6 R626 6Sll009Cl8 51.0000 RESIST FCF l/4W 5% 

( 611 Ml6 R627 6Sl1009C65 4.7000 K RESIST FCF l/4W 5% 
612 M16 R628 6Sll009C65 4.7000 K RESIST FCF l/4W 5% 
613 M16 R629 6S11009C65 . 4. 70.00 ·" K RESIST FCF l/4W 5% 
614 Ml6 R630 6S l 1009C 65 4. 7000 K RESIST FCF l/4W 5% 
615 Ml6 R636 6Sl 1009C41 470.0000 RESIST FCF l/4W 5% 
616 M16 R637 6Sl1009C41 470.0000 RESIST FCF 1/4\v 5% 
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617 Ml6 R638 MF55D2741F 2.7400 K RESIST FMF l/4W 1% 
I 

I ) 
618 M16 R639 MF55D2 741F 2.7400 . K RESIST FMF l/4W H, 
619 Ml6 R640 6Sll009C25 100.0000 RE$IST FCF 1/4l4 5% 
620 M16 R643 6Sll009C49 1.0000 K RESIST FCF l/4W 5% 
621 Ml6 R644 6S11009C21 68.0000 RESIST FCF 1/4W 5% 
622 M16 R645 6Sll009C21 68.0000 RESIST" FCF l/4W 5% 
623 M16 R646 6S1100(JC21 68.0000 RESIST FCF 1/4W 5% 
624 M16 R647 6Sll009C21 68.0000 RESIST FCF 1/4W 5% 
625 Ml6 R648 6S11009C21 68.0000 RESIST FCF l/4W 5% 
626 Ml6 R649 6S11009C 73 10.0000 K RESIST FCF 1/4W 5% 
627 Ml6 R650 6Sl1009C69 6.8000 K RESIST FCF 1/4W 5% 
628 Ml6 R651 6Sl1009C 57 2.2000 K RESIST FCF l/4W 5% 
629 Ml6 R661 6Sll009C37 330.0000 RESIST FCF 1/4W 5% 
630 Ml6 R663 6Sll009C69 6.8000 K RESIST FCF l/4W 5% 
631 M16 R664 6Sl1009C21 68.0000 RESIST FCF l/4W 5% 
632 M16 R665 6S11009C87 39.0000 K RESIST FCF l/4W 5% 
633 M16 R666 6S11009C99 120.0000 K RESIST FCF l/4W 5% 
634 Ml6 R667 6S11009Dl4 470.0000 K RESIST FCF 1/4W 5% 
635 Ml6 R668 6Sll009C49 1.0000 K RESIST FCF l/4W 5% 
636 Ml6 R669 6Sll009C21 68.0000 RESIST FCF 1/4W 5% 
637 Ml6 R670 6Sll009C21 68.0000 RESIST FCF l/4W 5% 
638 Ml6 R671 6Sl1009C57 2.2000 K RESIST FCF 1/4W 5% 
639 M16 U501 CA3045 .0000 IC TRANSISTOR ARRAY 
640 M16 U502 CA3045 .0000 IC TRANSISTOR ARRAY 
641 M·16 U503 TL084CN .ooo·o IC OP. AMP. QUAD 

( -.) 642 Ml6 U504 TL084CN .0000 IC OP. AMP. QUAD . ·' 
643 M:.6 U505 MC1596L .0000 IC BALANCED MODULATOR 
644 Ml 6 U506 CA3045 .0000 IC TRANSISTOR ARRAY 
645 M16 U507 CA3045 .0000 IC TRANSISTOR ARRAY 
646 Ml6 U508 MC1596,_ .0000 IC BALANCED MODULATOR 
647 Ml6 U509 MC1596I. .0000 IC BALANCED MODULATOR 
648 M16 U510 MC 10116L .0000 IC LINE RECEIVER 
649 MJ6 U511 CA3183 .0000 IC TRANSISTOR ARRAY 
650 Ml6 U512 MC1013i L . 0000 IC D FF DUAL 
651 M16 U513 MC10131L .0000 IC D FF DUAL 
652 M16 X501 48-40089S02 3. 6000 M XTAL 3.6MHZ 
653 Ml7 C703 21082428848 . 0010 U CAP CERAMIC 100% X7R 
654 M17 C704 21D82428B48 .0010 U CAP CERAMIC 100% X 7R 
655 Ml 7 C705 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
656 Ml7 C706 21R40020S03 • 1000 U CAP CERAMIC 50V 20% Z5U 
657 Ml 7 C707 21S180E36 68.0000 P CAP DISC 5% NPO 
658 M17 C708 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
659 Ml7 C709 21-82610C84 39.0000 P CAP DISC 450V 5% NPO 
660 Ml7 C710 10-S-T - 06 30.0000 P TRIMCAP CERAMIC 5/30 PFD N750 
661 Ml7 C712 21R40020S03 . 1000 U CAP CERAMIC 50V 20% Z5U 
662 Ml7 C713 21R40020S03 . 1000 U CAP CERAMIC 50V 20% Z5U 
663 Ml7 C714 21R400c0S03 .1000 U CAP CERAMIC 50V 20% Z5U 
664 Ml7 C715 21R40020S03 . 1000 U CAP CERAMIC 50V 20% ZSU 
665 Ml7 C7l6 21R40020S03 . 1000 U CAP CERAMIC 50V 20% Z5U 
666 Ml7 C717 8-11017A08 .0100 U CAP 5% 
667 M'l7 C720 21D82428B54 330.0000 P CAP DISC 500V 5% YSD 
668 M17 C721 21082428B54 330.0000 P CAP DISC 500V 5% YSD 
669 Ml 7 C727 21082187B08 220. 0.0(~0 . P CAP DISC lKV 10% ZSF 
670 Ml7 C728 21R40020S03 .1000 U CAP CERAMIC 50V 20% Z5U 
671 Ml 7 C729 21R40020S03 .1000 U CAP CERAMIC 50V 20% ZSU 
672 Ml 7 C730 8C42208B18 .0470 U CAP MYLAR 50V 10% 
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l 673 Ml7 0701 48-02054AOO .0000 DIODE GENERAL PURPOSE 674 M17 L701 82-0520 .0000 TRANSF RF IF 1 lOMM 

675 M17 L702 T2.5-6T .0000 TRAN SF RF BROAD BAND 
676 Ml7 l703 82-0521 . 0000 TRANSF RF IF2 lOMM 677 M17 Q701 48R00869878 .0000 TRANSIST FET 9878 
678 M17 Q702 48R00869570 .0000 TRANSIST NPN 9570 . 
679 M17 Q703 48R00869570 .0000 TRANSIST NPN 9570 ' 
680 M17 Q704 48R00869570 .0000 TRANSIST NPN 9570 
681 M17 R701 6Sll009C39 390. 0000 RESIST FCF 1/4W 5% 682 M17 R702 6Sll009C43 560.0000 RESIST FCF l/4W 5% 683 M17 R703 6Sl1009C47 820.0000 RESIST FCF 1/4W 5% 684 M17 R 704 6Sll009C09 22.0000 RESIST FCF 1/4W 5% 
685 Ml7 R 705 6Sl1009C09 22.0000 RESIST FCF 1/4W 5% 
686 M17 R706 6Sll009C37 330.0000 RESIST FCF 1/4W 5% 687 M17 R707 6S11009C21 68 . 0000 RESIST FCF 1/4W 5% 
688 M17 R707 6Sll009C61 3.3000 K RESIST FCF 1/4W 5% 
689 M17 R708 6Sll009C21 68.0000 RESIST FCF l/4W 5% 
690 Ml7 R709 6Sl1009C55 1.8000 K RESIST FCF l/4li/ 5% 
691 Ml 7 R710 6S11009C55 1. 8000 K RESIST FCF l/4W 5% 
692 Ml 7 R71 l 6S11009D02 150.0000 K RESIST FCF· 1/4W 5% 
693 M17 R712 6S11009C49 1.0000 K RESIST FCF 1/4W 5% 
694 M17 R713 6S11009C65 4. 7000 K RESIST FCF l/4W 5% 
695 Ml7 R714 6S11009C65 4.7000 K RESIST FCF 1/4W 5% 
696 M17 R715 6S11009C65 4.7000 K RESIST FCF 1/4W 5% 
697 M17 R716 6Sll009C47 820.0000 RESIST FCF 1/4W 5% 

(_ 698 M17 R717 6Sll009C49 1. 0000 K RESIST FCF 1/4.W 5% 
699 Ml 7 R718 6Sll009C 73 10.0000 K RESIST FCF l/4W 5% 
700 M17 R719 6Sll009C51 1.2000 K RESIST FCF l/4W 5% 
701 M17 R720 6Sll009C63 3.9000 K RESIST FCF l/4W 5% 
702 M17 R721 6Sl1009C49 1.0000 K RESIST FCF l/4W 5% 
703 M17 R722 6S11009C49 1.0000 K RESIST FCF l/4W 5% 704 M17 R723 3006P-001-103 10.0000 K TRIMPOT CERMET 15T 
705 Ml7 R72°4 6Sll009C01 10.0000 RESIST FCF 1/4W 5% 
706 Ml 7 R725 6Sll009C73 10.0000 K RESIST FCF l/4W 5% 
707 M17 R726 6Sll009C97 100. 0000 K RESIST FCF l/4W 5% 
708 Ml7 R728 6Sll009C49 1.0000 K RESIST FCF l/4W 5% 
709 M17 R731 6Sl1009Cl7 47.0000 RESIST FCF 1/4W 5% 
710 Ml7 R732 6Sll009C31 180.0000 RESIST FCF l/4W 5% 
711 Ml 7 R733 6S11009C45 680. 0000 RESIST FCF 1/41·1 5% 
712 Ml7 R734 6S11009C85 33.0000 K RESIST FCF l/4W 5% 
713 Ml 7 R735 6S11009C51 1.2000 K RESIST FCF 1/4W 5% 
714 M17 R736 6Sl1009C09 22 . 0000 RESIST FCF 1/4W 5% 
715 Ml 7 R737 6S11009C25 100.0000 RESIST FCF 1/4\~ 5% 
716 M17 R738 6Sll009C01 10.0000 RESIST FCF 1/4W 5% 
717 Ml 7 S701 T2.5-6T . 0000 TRANSF RF BROAD BAND 
718 Ml 7 U701 MC1596L . 0000 IC BALANCED MODULATOR 719 Ml 7 U702 MC10136L .0000 IC HEX COUNTER PROGRAMMABLE 
720 M17 U703 MC10136L . 0000 IC ~ HEX COUNTER PROGRAMMABLE 
721 Ml 7 U704 51R83081F07 . 0000 IC D FF (DUAL MC10131 
722 Ml 7 U705 MC12040 .0000 IC PHASE DETECTOR 
723 Ml? U706 MC14024CP .0000 IC RIPPLE COUNTER 7 BIT 
724 Ml 7 X701 48R03092A01 2.5600 XTAL 2.56MHZ 
725 M18 C750 8C42208B 18 .0470 U CAP MYLAR 50V 10% 

~ .. 726 M18 C751 8C42208Bl8 .0470 U CAP MYLAR SOV 10% 
727 Ml8 C752 8C42208818 .0470 U CAP MYLAR 50V 10% 728 Ml8 C753 8C42208818 . 0470 U CAP MYLAR SOV 10% 
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729 M18 C755 8C42208815 .0100 U CAP MYLAR 50V ( ' 10% ,I 730 M18 C756 8C4220813 18 . 0470 U CAP MYLAR 50V 10% 731 -M18 0750 48R40019S04 . 0000 DIODE VARACTOR 732 Ml8 0751 48-02054AOO .0000 DIODE GENERAL PURPOSE 733 M18 0752 48-02054AOO .0000 DIODE GENERAL PURPOSE 734 Ml8 0752 48-02054AOO .0000 DIODE GENERAL PURPOSE 735 Ml8 L750 82-0497 .0000 TRANSF RF VCO 736 M18 Q751 48R00869878 .0000 TRANSIST FET 9878 737 Ml8 R750 6Sll009A37 330.0000 RESIST FCF l/4W 5% 738 M18 R751 6S1 l009C53 1.5000 K RESIST FCF l/4W 5% 739 M18 R 752 6S l 1009C 71 8.2000 K RESI ST FCF 1/4W 5% 740 M18 R753 6S11009A37 330. 0000 RESIST FCF 1/4W 5% 741 M18 R754 6Sl 1009C53 1.5000 K RESIST FCF l/4W 5% 742 Ml8 R755 6S11009C 71 8.2000 K RESIST FCF l/4W 5% 743 Ml8 R756 6Sl l009A37 330.0000 RESIST FCF l/4W 5% 744 Ml8 R757 6Sll00.9C29 150. 0000 RESI ST FCF 1/4W 5% 745 M18 R758 6Sl 1009C35 270.0000 RESIST FCF 1/4W 5% 746 Ml8 U750 TL081CP .0000 IC OP . . AMP. SINGLE 747 M20 E801 EM20-l .0000 LAMP DIAL LAMP 28V 748 M20 E802 EM20-l .0000 LAMP DIAL LAMP 28V 749 M20 E803 EM20-1 .0000 LAMP DIAL LAMP 28V 750 M20 E804 EM20-l .0000 LAMP DIAL LAMP 28V 751 M20 1803 48-88245C09 .0000 DIODE LED YELLOW 752 M20 1804 48-88245C06 .0000 DIODE LED GREEN 753 M20 1805 48D88245C04 . 0000 DIODE LED RED c·) 754 M20 1805 48-88245C06 . 0000 DIODE LED GREEN 755 M20 1805 48D88245C04 .0000 DIODE LED RED 756 M20 1806 48-88245C09 . 0000 DIODE LED YELLOW 757 M20 M801 591C42-20A .0000 METER PANEL MODULATION 758 M2Q M802 591C42-20A .0000 METER PANEL MODULA TI ON 759 M20 M803 282 . 0000 METER PANEL EDGE 760 M20 R803 MF5!5D2211F 2. 2100 K RESIST FMF 1/4W 1% 761 M20 R804 MF55D2211F 2. 2100 K RESIST FMF 1/4W 1% 762 M20 R805 MF55D6810F 681.0000 RESIST FMF 1/4W 1% 763 M20 R806 MF5506810F 681.0000 RESIST FMF l/4W 1% 764 M20 R807 MF55D2210F 221. 0000 RESIST FMF l/4W 1% 765 M20 R808 MF55D2210F 221.0000 RESIST FMF l/4W 1% 766 M20 R809 MF55D68RlF 68.1000 RESIST FMF 1/41~ 1% 767 M20 R810 MF55D68R1F 68.1000 RESIST FMF 1/4W 1% 768 M20 R811 MF55D22R1F 22.1000 RESIST FMF l/4W 1% 769 M20 R812 MF55022RlF 22 .1000 RESIST FMF l/4W H, 770 M20 R813 MF55D10ROF 10.0000 RESIST FMF l/4W 1% 771 M20 R814 MF55010ROF 10.0000 RESIST FMF l/4W 1% 772 M20 R817 18D84944C12 5.0000 K TRIMPOT CARBON 773 M20 R818 18084944Cl2 5.0000 K TRIMPOT CARBON 774 M20 R819 MF55Dl001F 1.0000 K RESIST FMF l /4W 1% 775 M20 R820 MF55D1000F 100.0000 RESIST f FMF l/4W 1% 776 M20 R821 MF55D1000F 100.0000 RESIST· FMF 1/4W 1% 777 M20 R822 MF55D4020F 402.0000 RESIST FMF 1/4W 1% 778 M20 R823 MF55D3010F 301.0000 RESIST FMF· 1/4W 1% 779 M20 R824 MF55D10ROF 10.0000 RESI ST FMF 1/4W 1% 780 M20 R825 MF55D10ROF 10.0000 RESIST FMF l/4W 1% 781 M20 R826 MF55D40R2F 40.·2000 RESIST FMF l/4W 1't 782 M20 R827 MF55D30RlF 30 . 1000 RESI ST FMF 1/4W 1% 783 M20 R828 MF5 5D1001F 1.0000 K RESIST FMF l/4W l'.t 784 M20 R829 MF5 5Dl OOOF 100. 0000 RESI ST FMF 1/41A 1% 
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785 M20 R830 MF55D1000F 100. 0000 RESIST FMF l/4W 1% 

786 M20 . R831 MF5504020F 402. 0000 RESIST FMF l/4W 1% 
787 M20 R832 MF5503010F 301 . 0000 RESIST FMF 1/4W 1% 
788 M20 R833 MF55010ROF 10.0000 RESIST FMF l/4W 1% 
789 M20 R834 MF550 lOROF 10. 0000 RESIST FMF l/4W 1% 
790 M20 R835 MF55D40R2F 40.2000 RESIST FMF 1/4W 1% 
791 M20 R836 MF55D30R1F 30.1000 RESIST FMF 1/4W 1% 
792 M20 R837 10F459 500.0000 POT CARBON 2W 10%LIN 
793 M20 R839 6-00127C23 82 . 0000 RESIST FC 2W 10% 
794 M20 R840 6Sl 1009C23 82 . 0000 RESIST FCF l/4W 5% 
795 M20 R841 6Sl1009C23 82.0000 RESIST FCF 1/4W 5% 
796 M20 R842 6Sl1009C21 68.0000 RESIST FCF 1/4W 5% 
797 M20 R843 6Sl1009C21 68.0000 RESIST FCF 1/4W 5% 
798 M20 R844 6-00127C25 100.0000 RESIST FC 2W 10% 
799 M20 R845 6-00125A18 51.0000 RESIST FC 1/2W 5% 
800 M20 R846 6S11009Cl8 51.0000 RESIST FCF l/4W 5% 
801 M20 R847 6Sll009Cl8 51.0000 RESIST FCF l/4W 5% 
802 M20 R848 6S11009Al3 33.0000 RESIST FCF 1/4W 5% 
803 M20 R849 6S11009004 180.0000 K RESIST FCF l/4W 5% 
804 M20 R850 6S11009004 180.0000 K RESIST FCF 1/4W 5% 
805 M20 R851 6S11009C09 22.0000 RESIST FCF 1/4W 5% 
806 M20 R847 6S11009Cl8 51.0000 RESIST FCF 1/4W 5% 
807 M20 R848 6Sl1009Al3 33.0000 RESIST FCF- l/4W 5% 
808 M20 R849 6Sll009004 180.0000 K RESIST FCF 1/4W 5% 

(._ 809 M20 R850 6S11009004 180. 0000 K RESIST FCF l/4W 5% 
810 M20 R851 6Sl1009C09 22.0000 RESIST FCF 1/4W 5% 
811 M20 R852 6S 11009C 19 56.0000 RESIST FCF 1/4W 5% 
812 M20 R857 6Sl1009Cl3 33.0000 RESIST FCF 1/4W 5% 
813 M20 S801 591C42-18B . 0000 SWITCH PB 10 SECT SCHADOW L 
814 M20 S802 591C42-18A .0000 SWITCH PB 10 SECT SCHADOW R 

( _ _ . 
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04/1 7/ 03 12:54 FAX 703 354 0216 DELTA ELECTRONICS ~001 

T.ABLE -1: M27 . · 

SWITCH 

' . . STATION .. L.O. vco - SET 87654321 

l 
.. 

530 . 980 3920 98 ·01100010 
540 ' 990 ~-3960 .99 01100011 
550 1000 :':4000 ioo ,01100100 
560 1010. 4040 101 01100101 
570 · 1020 4080 102 01100110 
580 1030 4120 103 01100111 
5-90 1040 4160' 104 01101000 
600 1050 4200· 105 . ouoioo1·-
610 .1060 4240 106 01101010 
62.0 1070 4280 107 .. 01101011-1 
630 1080 4320 108 . O 1101100:-
640 1090 · 4360 -i09 01101101 . 
650 1100 4400 HO 0'1101110 

~ IY) ..... 660 1110 4440 Ill o.110111i; 

lVl~ 
670 1120 4480 · 112 01110000 
680 1130 4520 113 01110001 

~ t t 690 1140 4560 · 114 01110010 

"" l") 
700 1150 4600 115 01110011 

ty"\ 710 1160 -4640 116 01110100 

~ ~ 720 1170 4680 11.7 01110101 
730 1180 4720 lt8 01110110 

CD .. 740 1190 4760 119 01110111 C 
0 ~ s= 750 . 1200 4800 120 01111000 11. LI. 

~ 760 1210 4840 121 01111001 ., 

~ I 770 1220 4880 122 01111010 
t 

'I;:) 780 1230 4920 123 01111011 

~ ~ 790 1240 4960 124 OlllllQ0 
. 800 1250 5000 125 01111101 

~~ 
V) 
C\! 810 1260 5040 · 126 01111110 

z ( 820 1270 5080 127 01111111 
~ ~ 830 · 1280 5120 128 10000000 
u. ~ . s. cl. ... 840 1390 5160 ·· 129 10000001 . 
i ~ 

., • 850 1300 5200 130 10000010 5 ; 
0 {!. 8 t. IL 860 1310 5240 ·131 10000011 a. 

. 870 1320 s2ao · 132 ·10000100 
880 1330 ·S.320 1°33 10000101 
890 1340 5360 134 . 10000110 
900 1350 -5400 135 10000111 
910 ·1360 5440 136 10001000 
920 1370 5480 137 10001001 
930 1380 5520 138 10001010 
940 1490 5560 139 10001011 
950 1400 5600 140 10001-100 
960 1410 5640 141 10001101 
970 1420 5680 142 . 10001110 
980 1430 5720 143 10001111 
990 1440 5760 144 10010000 

1000 1450 5800 145 10010001 
1010 1460 5840 146 10010010 
1020 1470 5880 147 10010011 
1030 1480 5920 148 10010100 
1040 . 1490 5960 149 10010101 
1050 1500 6000 150 10010110 
1060 . 1510 6040 151 10010-111 
1070 · 1520 6080 152 10011000 
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04/ 17103 12: 54 FAX 703 354 0216 DELTA ELECTRONI CS ~ 002 

TABLE .1: M27 (Cont.) 

SWITCH .· 
o"p's~ 

. ST~TION L.O. vco SET 87654321 
'l<t)?c::~v::t' 

..... .. 

1080 1530 6120 153 10011001 
1090 1540 6160 154 10011010 D-::;. DV' 
1100 1550 6200 155 10011011 

1110 .1560. 6240 156 10011100 oft 
1120 1570 6280 157 10011101 \ -? 

1130 1580 .6320 158 10011110 

1140 .1590 ,, .~6360 l59 10011111 

1150 ·.1600 6400 160 10100000 
1160 1610 6440 161 10100001 
1170 1620 6480 162 10100010- 1~:. 
1180 , 1630 6520 163 101'00011 
1190 1640 6560 164 10100100 
1200 1650 6600 l65 10100101 

1210 1660 6640 166 10100110 

1220 -1670 ·6680 167 10100111 

1230 1680 6720 168 10101000 

1240 1690 6760 ·159 10101001 

1250 1700 6800 170 10101010 

1260 1710 - .6840 . 171 10101011 

1270 1720 6880 172 . 10101100 
1280 1730 6920 .173 10101101 

1290 ·i74(f 6960 174 10101110 

1300" 1750 7000 175 10101111 

1310 1760 7040 176 10110000 

·1320 · 1770 7080 177 · 10110001 

1330 1780 7120 ·110 10110010 ) 

1340 1790 7160 179 10upo11 
1350 1800 7200 180 . 10110100 

1360 1810 7240 181 10110101 

1370 1820 7280 182 10110110 

1380 1830 7320 183 10110111 

1390 1840 7360 184 10111000 

1400 1850 7400 185 10111001 

1410 .1860 7440 186 10111010 

1420 1870 7480 187 10111011 
1430 1880 7520 188 10111100 

1440 1890 7560 189 10111101 

1450 1900 7600 190 10111110 

1460 1910 7640 191 10111111 

' 1 470 1920 7680 192 11000000 

1480 1930 7720 193 11000001 . . 

1490 1940 7760 194 11000010 

1500 1~50 7800 195 11000011 -

1510 1960 7840 196 · 11000100 

1520 ,1970 7880 197 11000101 

1530 '1980 7920 198 11000110 

.1540 1990 7960 199 11000111 . 

1550 2000 8000 200 . 11001000 

· 1560 2010 8040 201 11001001 

1570 2020 8080 202 11001010 

1580 2030 8120 203 11001011 

1590 2040 8160 204 11001100 

1'600 2050 8200 205 11001101 

1610 2060 8240 206 11001110 

1620 2070 8280 207 11001111 
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