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Section 1 - General Description 

SECTION 1 

GENERAL DESCRIPTION 

1.1 INTRODUCTION 

The Model 3500 Filter, shown in Figure 1, is a variable, electronic band-pass 
filter that operates at frequencies from 20Hz to 200kHz. The filter consists 
basically of an input amplifier, a variable high-pass section, a variable low-pass 
section, and an output amplifier. The high-pass and low-pass sections are con
nected in series. The overall gain of the Filter is unity(Odb). The cutoff frequencies 
of both the high -pass and low-pass sections can be adjusted independently over the 
full frequency range of 20Hz to 200kHz. 

An optional rack-mounting kit, (Part No. RK-38) is available from Krohn-Hite, for 
installing the unit in a standard 19" rack spacing. 

1.2 GENERAL SPECIFICATIONS 

Frequency Range 

Continuous coverage from 20Hz to 200kHz for both high cut-off and low cut-off fre
quencies independently. Frequency range is covered by separate calibrated dials 
and four-decade band switches. Center frequency and width of pass band in band
pass . mode are continuously adjustable over the entire frequency range. 

BAND MULTIPLIER FREQUENCY (Hz) 

1 1 20 - 200 
2 10 200 - 2, 000 
3 100 2, 000 - 20, 000 
4 lK 20, 000 - 200, 000 

Frequency Dials 

Each dial is engraved and individually hand-calibrated with a single logarithmic 
scale reading directly in cycles per second, from 19 to 210. Dials are 2 inches 
in diameter with an effective scale length of 6 inches per band, giving a total effec
tive scale length of 24 inches for the range of 20Hz to 200kHz. 

Accuracy of Cut-off Frequency Calibration 

±10% with" Response" switch in" max-flat" (Butterworth) position; les s accurate in 
"Low QII position. Relative to mid-band level, the filter output is down 3db at cut
off in "max-flat" position, and approximately 12db in II Low Q" position. 



Filter, 3500 

Bandwidth 

Continuou sly v a r ia b l e within the cutoff frequency limits of 20Hz and 200kHz. For 
minimum pass -band (Butterworth response) the two cutoffs are set to the same 
frequency, resulting in an insertion los s of 6db at that frequency, with 3db points 
at factor s of .8 below it and 1. 25 above it. 

Response Characteri sti cs 

Choi ce of 4 pole Butterworth (maximally flat respon se) for frequency domain opera
tion and Low Q (damped response) for transient-free time domain operation, se
lect ed by means of a switch on rear of chassis. 

Pass-Band Gain 

Zero db ±l db in pass band. 

Input Characteri sti cs. Impedan ce 

Approximately 10 megohms in parallel with 50 pf. Maximum input amplitude: 
5 volts rms up to 2MHz. Maximum dc component: ]00 volts. 

Output Characteristics, Impedance 

Approximately 50 ohms. Maximum Voltage +7 volts peak. Maximum Current +5 rna 
peak. Internally generated hum and nois e: L ess than 200 microvolts. (Slightly 
higher for 400 Hz operation. ) 

Attenuation Slope 

Nominal 24db per octave each side of pass-band. 

Maximum Attenuation 

Greater than 60 db. 

Controls 

Front panel ; LOW CUT-OFF FREQUENCY dial and multiplier switch. HIGH CUT
OFF FREQUENCY dial and multiplier switch. POWER OFF-ON switch. Rear 
panel ; RESPONSE switch, GROUND switch, 115/230V LINE switch. 

Terminals 

Front panel, two BNC connectors, one for INPUT and one for OUTPUT. Rear of 
chassis, two BNC connectors, one for input and one for output. An additional multi

purpo s e b inding post for CHASSIS GROUND is provided on the rear panel. An AC 
power rec eptacle with detachable line cord is also provid ed. 

Power Requ i rements 

105-12 5 or 210-250 volts, single phase; 50-400 Hz, 10 watts. Hum and noise 

are increased by a factor of approximately two for 400Hz operation. 
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Section I - General Description 

Fuse Protection 

1/8 ampere slow-blow for 11 5 volts, 1/1 6 ampere slow-blow for 2 30 volts. 

Dimensions and Weights 

Model O verall Dime n sion s (inc hes) W e ig ht (lb s.) 

3500 8 1/2 wide I 3 1/2 high I 13 deep 9 net 114 shipping 

1.3 FILTER CHARACTERISTICS 

Bandwidth Adjustment 

The flexibility of adju stment o f bandwidth is illustrated i n Figure 2. Band-pass 
operat ion in the MAXimally FLAT or B utt erworth m o d e for two different b arid > 

w i d t h s is illus t rated by c u r v e s A and B. C u rv e B s h ows the minimum p a ss -band 
width obtained by setting the t wo c u t off f re q u e nc i e s equal. In this c o n d i t i o n the 
insert ion loss is 6 db, and the - 3 db cutoff frequencies o c c u r at 0. 8 and 1. 2 5 
time s the m id- band freq uenc y. The minimum pas s-band for a 0 db insertion los s 
is s h o w n by c u r v e A w ith the c u t off s s e t at 0.5 and 2 t i me s the mid - b a n d fr equency. 
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F igure 2. N o rma l i z e d Frequency 

Transient Response 

The frequen cy r esponse c h a r ac t e r i s ti c of this Filter closely approximate s a fourth
order Butterworth with m a x im a l flatne s s , id e a l for filter ing in the freq uency do
m a i n. For pul s e o r tran s ient s i g n a l filtering, a r e spon se swi tc h is p r ov id e d to 
change the fr equency re s ponse t o Low 0, optim u m for trans ient-free filte r ing. 
Figure 3 shows a comparison of t h e Filter output response in the se modes to a 
s q u a r e wave input signal. 
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(A) (E) 

Fig ure 3. Sq uare Wave Re spon s e 

Cutoff Response 

The attenua tion cha r a cteristic s of the F ilter a re shown i n F i g u re 4. With t he 
r e sponse s w i t c h i n the MAX imall y FLAT o r Butterworth m od e , the gain, a s shown 
by the solid c u rv e , is virtually flat until the - 3db cutoff fr equency. At approxi
m a t e l y two ti m e s the cutoff fr equency th e attenuation rate coi n c id es w i t h t h e 24 
db per o ctav e st ra ig h t line a s y mptote. In t he S im pl e R C m ode , o p timum for tran
s i e n t - f r e e fi lter i ng , the dot te d line s how s that th e g a in i s down appr o x imat el y 12 
db at cutoff and r e ache s 2 4 db pe r octav e attenuati on r at e a t fi ve tim e s t he cut o ff 
f re q u e ncy. Be y ond th i s f re quency the filt er attenuation r a t e a nd max i mum attenua
tion, in either m od e , ar e ident i c al , 
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Section 1 - General Description 

Phase Response 

The phase angle at any frequency is the sum of the angle s due to the high-pass and 
low-pass section s of the Filter. Fig ure 5 gives the pha se characteri stic for either 
section in de gree s l e ad (+) o r lag ( -), a s a function of the ratio of the operating 
frequency f to low cut-off frequency f or high-cutoff frequency f H.L 

The solid curve i s for the maximally flat or Butterworth m ode and the dotted curve 
i s for Low Q. 
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Figure 5. Normalized Phase Characteristic s 

Example 

Determine the phase shift through the filter, in the maximall y flat or Butterworth 
mode with the low cutoff (f at 200 Hz, the high c u t off (fH) at 600 Hz and an input

L)
frequency (f) at 300 Hz. 

Phase shift due to low cutoff (f L) 

300 = = I .. 5
200 

from Figur e 6 1. 5 = + 110 0 

Pha se shift d u e to high cutoff (f
L) 

300 . 5 
600 

fr om Figur e 6 .5 = _80 0 

Total phase shift 
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CD POWER SWITCH (ON / OFF) 

® INDICATOR LIGHT 

@ INPUT CONNECTOR (BNC TYPE) 

o OUTPUT CONNECTOR (BNC TYPE) 

® MULTIPLIER SWITCH (HIGH PASS) 

® MULTIPLIER SWITCH (LOW PASS) 

(!) FREQUENCY DIAL (LOW CUTOFF) 

® FREQUENCY DIAL (HIGH CUTOFF) 

® 115/230V LINE SWITCH 

@) OUTPUT CONNECTOR (BNC TYPE) 

® INPUT CONNECTOR (BNC TYPE) 

@ liSA SLO-BLO II7V 
12 FUSE 1/16A SLO-BLO 234V 

@ POWER RECEPTACLE 

@ CHASSIS GROUND CONNECTOR (BINDING POST) 

@ GROUND SWITCH (FLOATING / CHASSIS) 

@ RESPONSE SWITCH (MAX FLAT / LOW Q) 

@ POWER TRANSFORMER 

@ NAMEPLATE 



Section 2 - Operation 

SECTION 2 

O PERATIO N 

2.1 INTRODUCTION 

The Filter i s adjusted and checked carefully before shipment t o insure that it meets 
all specifications. It is then aged and again tested to be sure that it is ready for 
use. The Filter is shipped complete, and after unpacking, is ready to be turned on 
and used. 

Unpack the Filter carefully and inspect it for damage that may have occurred during 
shipment. Check the case for damage, and check for loose sub-assemblies and 
part s. Check all front panel controls for freedom of operation. The recommended 
operating procedure is described below . 

The r m s voltage of the input signal s h o u l d not exc e e d 5 volts. The de component 
of the input signal should not exceed 100 v olt s . 

2.2 FRONT PANEL CONTROLS 

The front panel controls c o n s i s t of two identical frequency d ials and associated 
multiplier switches used to set cut-off frequencies, a power on-off switch, and an 
indicator light. 

Each frequency dial 1 S calibrated with a single logarithmic scale reading directly 
in cycles per second from 19 to 210. The dials are two inches in diameter with an 
effective scale length of approximately six inches per band, giving t o t a l effective 
scale length of approximately 24 inches for the 20Hz to 200kHz frequency range. 
The left-hand dial (LOW CUT-OFF FREQUENCY) and band multiplier switch select 
the low cut-off frequency, and the right-hand dial (HIGH CUT-OFF FREQUENCY) 
and multiplier switch select the h igh cut-off frequency. 

Each of the two multiplier switches has four positions, covering the frequency 
ranges as shown in Section 1. 2. 

2.3 REAR PANEL CONTROLS 

The r ear panel c o nt r o l s c o n s i s t of a RESPONSE switch, a GROUND switch, and 
a 115/230V LINE switch. The RESPONSE switch is us ed to select either a 
Butterworth (max-flat ) or a Low Q r esponse. The GROUND switch is provid ed 
to disconnect the signal ground from the chassis. The LINE switch i s us ed when 
changing from 115V to 2 30V AC operation. 
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2.4 OPERATION 

To operate the Filter, proceed as follows: 

a.	 Make appropriate power connections as described in Section 2.6. 

b.	 Make appropriate connections to INPUT and OUTPUT terminals of 
filter. 

c.	 Set cut-off frequencies by means of the band multiplier switches (CUT
OFF FREQUENCY) and the frequency dials. 

d.	 Turn POW ER switch to ON. 

NOTE 

The left-hand band multiplier switch and frequency 
dial are used to select the low cut-off frequency 
and the right-hand controls select the high cut-off 
frequency. 

The minimum pass -band is obtained by setting the high cut-off frequency equal to 
the low cut- off frequency. 

2.5 TERMINALS 

INPUT - A BNC type connector is provided on the left side of the front panel. A 
parallel BNC coaxial connector is located on the rear of the chassis. 

OUTPUT - A BNC type connector IS provided on the right side of the front panel. 
A p a.r all e.l BNC coaxial connector is located on the rear of the chassis. 

CHASSIS GROUND - An additional combination-type binding post is provided on the 

rear panel. 

AC INPUT - A power receptacle with detachable line cord is located on the 
rear panel. 

2.6 LINE VOLTAGE AND FUSES 

The Filter may be operated from an AC power source of either 105-125 volts, 
50-400 Hz, or 210-250 vo lt s , 50-400 Hz. A 115/230V LINE s witch, located 
on the rear panel, selects the filter's mode of operation. When the AC line is 
115V, mo ve the LINE switch to the 115V position. In this mode, a 1/8 ampere 
slo-blo fuse must be used. When the filter is to be operated from 230 VAC, 
move the LINE switch to the 230V position, and replace the fuse with a 1/16 
ampere slo- blo type. 

8 
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Section 3 - Circuit Description 

SECTION 3 

CIRCUIT DESCRIPTION 

3.1 INTRODUCTION 

As shown below in the simplified block diagram, Figure 7, the filter consists of an 
input amplifier, for isolation; a four pole low-pass section (high cutoff frequency), 
with four R. C. filter networks which are adjustable by means of a gauged potention
meter assembly and bandswitch; and a four pole high pass section (low c u t o ff fre
quency), with four R. C. filter networks and a similar ganged potentionmeter as
sembly and b and s wi t c h, Both cutoff frequencies are tuned continuously within each 
decade by the potentionmeter assemblies. The capacitors are tuned in decade steps 
by the band s wi t ch, 

INPUT 
r>: ~ f-<ll-"v'V'.rl Q I0 I >---.-- :;H<'----.--1 Q204 >---j1'~>-1Q20 6
\JI QI02 Q205 Q207 

MAX FLAT-- 0 
Q203 Q208 

I LOW Q 

I 
- - I 

I 
J I OUT PUT 

Q301 Q304 

-H~Q302 Q305 

I 
IMAX FLAT 

o 
Q303 Q 306 f----+--O--L 

LOW Q 

Figure 7. Simplified Schematic Diagram 
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3.2 DETAILED DESCRIPTION 

3.2.1 Input Amplifier 

The input signal i s c apacitor coupled through CIO I to the input a m p lifi e r cons i sting 
of Q 10 1 and Q 102 The input impedance determined by RI O1 is 10 megohms . The 
h ig h input impedance of t he F. E. T. QI O1 is negligible. The input a mplifier i s 
provided to is olat e the input signal and s upply a low impedance d riving s o u rc e for 
the fir st R. C. network. 

0 

3.2.2 High Pass Section 

The high pass section consist s of a p air of two pole filters, each a d j us t e d to pro
vide the proper Butterworth response characteristics when cascaded. Buffer am
plifiers are used to isolate the two pole R. C. networks. The Buffer Amplifier, 
consi sting of Q20 1 and Q202, folIowing the first 2 pole network provides isolation 
and drives the next R. C. network. Q203 furnishes feedback to the emitter follower 
stage for corner frequency peaking. The signal then enters another Buffer Arnpl i » 

fier stage consisting of Q204 and Q205, again providing i s ol a t i o n and a low imped
ance source to drive the next R. C. n etwork. Q206 and Q207 perform as a buffer 
amplifi er between the high-pass and low-pass sections with Q20 8 providing enough 
feedback to Q204 to produce the correct Butterworth response. With s witch 5901 
in the grounded position, the feedback is reduced to produce the Low Q (damped 
response) for transit free time domain operation. 

3.2.3 Low Pass Section 

The low pass section also consists of a pair of two pole filters each adjusted to 
provide the proper Butterworth response when cascaded. 

The pair of two pole R. C. networks are isolated from each other with a buffer 
amplifier which is made up of two emitter followers . 

The output from the high-pass section is fed into the first two-pole R. C. network 
before the buffer amplifier consi sting of 0301 and Q302. A portion of the output 
from 0302 i s fed back to the R. C. network v i a Q303 to obtain the de sired charac
teristics from this two pole section. The buffer amplifier also provides a low 
impedance s o u r c e for dr iving the next pair of R. C. filters. Q304 and Q305 provide 
isolation and a low impedance source to drive the output. A portion of the output 
from Q305 is fedback through amplifier Q306 to obtain the proper Butterworth 
response characteristics. With s w i t c h 5901 in the grounded position the feedback 
is reduced to a low Q (damped re s p on s e) for transit free time domain operation. 
The output from Q305 passes through C303 and R411 to the output terminals. 

3.2.4 RC/Butterworth Response 

To prevent ringing and overs hoot, caused b y fast rise-time pulse s, the filter may 
be operated in the low Q position. 5901 is provided to reduce the feedback to the 
second two pole filter in each section. 

10 



Section 3 - Circuit Description 

3.2.5 Power Supplies 

A dual power supply i s incorporated. providing plus and minus 15 volts. One full 
wave br idge rectifier (CR501,.CR504, CR505, CR50 6) and filter ca p a ci t o r s C501 and 
C50Z provide the ne cessary un r e g u Ia t e d d- c v oltage l evels. 

The + I5V supply consists of 0502 (used as a Zener R eferen ce), amplifier 0503, 
and series regulator 0501. A c h a ng e in the regulated output is fed through 0502 
and CR502 to the e m i t t e r of 0503, and, attenuated in the di vider R511 and R 501, 
R506, to the base of 0 503. The resulting change in 0503 c u r ren t drives the base 
of series transistor 0501 in the proper direction to r estore th e regulated v olt a g e 
to + 15V. The -15V supply works in the same manner. 

Add itional feedback is provided to both amplifier s via R505 and R50 8 to minimize 
power supply ripple. 

J 

J 
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SECTION 4 

INCOMING ACCEPTANCE AND INSPECTION 

4.1 INTRODUCTION 

The following procedure should be used to verify the Filter operation within speci
fications. These checks may be used for incoming inspection and periodic specifica
tion checks. Tests must be made with all covers in place. If the instrument is not 
operating within specifications refer to Section 5 before attempting any detailed 
maintenance. 

4.2 TEST EQUIPMENT REQUIRED 

The	 following test equipment is required to perform these adjustments: 

a.	 RC Oscillator, with frequency range. OlHz to lMHz, frequency
 
accuracy +0. 5% to 100KHz, frequency response better than +. 05db
 
and distortion less than. 02%, Krohn-Hite Model 4100A or equivalent.
 

b.	 Oscilloscope, with DC to 50MHz bandwidth, vertical input sensiti 

vity of lmv/cm, Tektronix type 544, with type lA5 plug-in, or
 
equivalent.
 

c.	 AC Voltmeter, capable of measuring 100 microvolts to 10 volts
 
RMS, Ballantine Model 3l4A or equivalent.
 

d.	 DC Voltmeter, capable of measuring I millivolt to 20 volts, Fluke
 
Model 8000A or equivalent.
 j 

e.	 Variable auto-transformer for adjusting line voltage. 

4.3 DIAL ACCURACY 

a. Set high cutoff to 200KHz. Set re s p on s e switch to max flat po s i t i o n . Set 
low cutoff dial to 20, 40, 100, 200 on each of the multiplier positions. At each point, 
set oscillator to frequency corresponding to dial and multiplier setting. With 1 volt 
input, output should read between O. 6V and O. 8V (-3db±1. 5db) at all frequencies 
e xcept 200KHz will read approximately 0 .5 volts (-6db) due to interaction of high 
cutoff setting. 

b. Repeat measurements with response switch in low Q position. Output read
ing should be approximately 0.25 volt s (-12db) at all frequencies except 200 KHz. 

12 
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c. Set low cutoff to 20Hz. Set response switch to max flat position. Set high 
cut off dial to 20, 40, 100, 200 on each of the multiplier positions. At each point, 
set oscillator to frequency corresponding to dial and multiplier setting. With 1 volt 
input, output should read between 0.6 V and O. 8V (-3db±1. 5db) at all frequencies 
except 20 Hz. 20Hz will read approximately O. 5V (-6db) due to interaction of low 
cutoff frequency. 

d. Repeat measurements with response switch in Low Q position. Output read
ing should be approximately O. 25V (-12db) at all frequencies except 20Hz. 

4.4 ATTENUATION SLOPE 

a. Set high cutoff to 200 KHz and response switch to max flat position. Set 
low cutoff dial to 60. On each low cutoff multiplier position set oscillator to one 
half the frequency indicated by the low cutoff dial and multiplier setting. Output 
should read -24db±3db from input at each frequency. 

b. Set low cutoff to 20Hz. Set high cutoff dial to 60. On each high cutoff multi
plier position, set oscillator to twice the frequency indicated by the high cutoff dial 
and multiplier setting. Output should read -24db±3db from input at each frequency. 

4.5 PASS-BAND GAIN 

Set low cutoff to 20Hz and high cutoff to 200KHz. Set oscillator to 1 volt. At 50 Hz, 
500 Hz, 5 KHz and 50 KHz the output should be 1±. 1 volt (Odb±1db). 

4.6 MAXIMUM ATTENUATION 

a. Set both cutoff frequencies to 200KHz. Set oscillator input to filter at 
5 volts, 20KHz. Output of filter should measure less than 5 millivolts (-60db). 

b. Set both cutoff frequencies to 20KHz. Set input to filter to 5 volts, 200KHz. 
Output of filter should measure less than 5 millivolts (-60db). 

J 
4.7 OUTPUT CHARACTERISTICS 

a. Maximum Voltage: 

Set low cutoff to 20Hz and high cutoff to 200KHz. Set input frequency to 
1KHz and increase input voltage until clipping is observed on output. Output should 
measure greater than 14 volts peak to peak before clipping is observed. 

b. Maximum Current: 

Connect 50 ohm resistor across output. Adjust input to obtain 0.5 volts 
peak to peak across 50 ohm resistor. Output should show no observable distortion. 

13 
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c. Impedanc e: 

Set output to O. 1 v olt rms open circuit. Connect 50 ohm resistor to output. 
Voltag e should drop to 0. 05 v o lt s . 

4.8 HUM AN D NOI SE 

R emove oscillator. Short i np u t to filter. Output should measure les s than 
2 00 microvolts rms. 

14 



Section 5 - Maintenance 

SECTION 5 

MAINTENANCE 

5.1 INTRODUCTION 

If the Filter is not functioning properly and requires service, the following procedure 
may facilitate locating the source of trouble. Access to the interior of the filter is 
accomplished by removing the four screws centered at the rear of each cover; slid
ing off the side covers will unlock the top and bottom covers. 

The general layout of major components, test points, screwdriver controls and ad
justments is shown in Figure 9. Detailed component layout of the printed circuit 
card, Figure II, is located on foldout attached to the inside rear cover. Various 
check points and voltages are shown on the Schematic Diagram and are also marked 
on the printed circuit card. 

Many troubles may easily be found by visual inspection. When a malfunction is de
tected, make a quick check of the unit for such things as broken wires, burnt or 
loose components, or similar conditions which could be a cause of trouble. Any 
trouble-shooting of the Filter will be greatly simplified if there is an understanding 
of the operation of the circuit. Before any detailed troubleshooting is attempted, 
reference should be made to Circuit Description, Section 3, to obtain this 
understanding. 

5.2 POWER SUPPLY 

If the filter does not seem to be working properly the two power supplies should be 
checked first. If the plus 15 and minus 15 volt supplies appear to be correct refer 
to signal tracing analysis, Section 4.3. 

Any malfunction of the power supplies will generally cause a large error in the plus 
or minus 15 volt supplies. Small errors of the plus or minus supplies may be cor
rected by adjusting R506 and R509 respectively. If the minus 15 volt supply is cor
rect and the plus 15 volt supply is incorrect, check the reference voltage from the 
emitter of 0503 to the collector of 0502. If this reference voltage is 8. 4±. 5 and the 
plus 15 volt supply is high, the base to emitter voltage of 0503 will be reduced, de
creasing its collector current lowering the emitter to base voltage and turning off 
0501. This will increase the emitter to collector voltage of 050 I, correcting the 
plus 15 volt supply. The failure will be found where this action is blocked. If the 
plus 15 volt supply is low, the current in 0503 will be increased, turning on 0501. 
If the supply voltage is low and 0503 and 0501 appear to be operating properly, the 
cause is most likely excessive current in the main filter section. An incorrect minus 
15 volt supply may be traced in a similar manner. 

15 
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5.3 SIGNAL TRACING ANALYSIS 

If the power supplie s appear to be correct but the Filter is not work ing, the follow
ing signal tracing analysis should locate the area of malfunction: 

Set response switch to low Q p o s i t i o n , Set both the low and h ig h cutoff frequencies 
to 1KHz. C onnect a 1K H z 5 volt rms sine wave signal to the input terminal s. If 
the test s ign a l does not appear correctly at the output, the area of the malfunction 
may be localized by determining where in the Filter the signal first deviates from 
normal. 

Figure 8 s h o w s various te st points with 
their correct signal levels. If a test point 
i s found whose s ignal level differs ap
preciably from the correct value, the cir
cuitry immediately preceding that test point 
should be carefully checked. 

5.4 TUNING CIRCUITS 

If signal tracing shows one of the tuning 
circuits to be faulty, it should be determined 
i.f the trouble is in the resistive or capaci
tive element. If the trouble is in a capaci
tive element associated with the lowest or 
highe st multiplier range, the malfunction 
will appear only on these positions. Any 
other defective tuning capacitors will intro
duce an error in adjacent bands. If there 
is a problem in a resistant element, the 
trouble will be of a general nature and will 
show up on all multiplier bands. 

CORRECT 
SIGNAL LEVEL 

TEST POINTS (RMS VOLTS) 

I 5.0 
2 4.9 
3 2.8 
4 2.8 
5 2.6 
6 1.6 
7 1.6 
8 1.3 

10 1.3 
13 .43 
14 .70 
15 .67 
16 • 18 
17 · 31 
18 .30 
20 · 14 

The range-determining capacitors as- Figure 8. Test Point Voltages 
sociated with the band multiplier switches 
S701 and S702 are specially selected for 
close capacitance tolerance. All capacitor 
values fall within ±5% of the specified value, but in order to maintain accurate 
frequency calibration over the entire dial range and also between decade ranges, the 
capacitors are matched within ±2% of each other and generally within ±2% in decade 
ratios. 

The values of capacitance used on the highest band is selected to compensate for 
stray capacitance and are therefore not completely in decade ratios of those used 
on the lower bands. 

For replacement purposes, a capacitor within ± 1% of the specified value can be 
used with negligible effect on the overall calibration accuracy. If more than one 
capacitor on a particular range is to be changed, it is recommended that several 
other capacitors on the switch be carefully measured on a capacitance bridge to 
determine the average percentage deviation from the nominal value. Any capacitors 
e xcept those used on the two highest frequency ranges may be measured to determine 
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Section 5 - Maintenance 

this tolerance. Replacement can then be made with capacitors of the exact value, 
and calibration will not be impaired. 

Each of the variable resistance elements consists of four potentiometers ganged 
together with a g e a r assembly. Each potentiometer has series and shunt trims to 
insure proper tracking. The trims and the angular orientation of the potentiometers 
are carefully adjusted at the factory. If it becomes nece s sary to change one of 
these potentiometers in the field, it should be replaced only with a unit supplied by 
the factory complete with proper trims. The angular orientation should then be 
carefully adjusted following the procedure supplied with the parts. 

17 
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Section 6 - Calibration and Adjustment 

SECTION 6 

CALI BRATIO N AND AD JUSTM ENT 

6.1 INTRODUCTION 

B efore attempting an y adjustments the procedure in Section 4 should b e followed to 
d etermine if adjustment s are n ece ssary. The foll owing procedure is provided for 
the purpose of facilitating the adjustment and calibration of the filter in t he field, 
and adherence to thi s procedure should re store the filter to its original specifica
tions . If any difficult ie s are encountered, please refer to Maintenance, Section 5. 
1£ any que stions arise w h i c h are not covered by this procedure, please contact our 
factory service department. The location of all major components, m od ul a r sub
assemblies, test points, screw driver controls and adjustments are shown in 
Figure 9. 

Acce ss to t he inter ior of the filter is accomplished easily by removing the four
 
screws centered at the rear of each cover; sliding off the side cover s will unlock
 
the top and bottom cover s ,
 

6.2 TEST EQUIPMENT REQUIRED 

AS LISTED IN SECTION 4.2 

6.3 INITIAL SETUP 

a.	 Set low cutoff dial to 60, multiplier to x l O; 

b.	 Set high c u t o ff dial to 200, multiplier to x l K. 

6.4 POWER SUPPLY 

a.	 Short filt er input. Connect d- c voltmeter betwe en signal ground 
a n d plus 15 v olt s . (positive e n d , C505 ) 

b.	 Adjust R 5 06 for 15+ 0.2 v o lt s . 

c.	 Connect d-c voltm eter betwee n signal ground and minus 15 volts. 
(n e gativ e end of C 5 06 ) 

d.	 A djust R50 9 for 15+ 0.2 volts. 

e.	 R e move short. 
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F ilt e r, 3500 

6.5 LOW·CUTOFF SECTION RESPONSE 

a .	 C onnect o sc illator ou t pu t to filt er i nput. 

b .	 S et o s c illator t o 6 KHz and a dj u s t amplitud e for 1 v o lt a t
 
fi lte r input.
 

c .	 Connect AC vo ltm e te r to p o i n t " 10" . 

d.	 Adju st R22 6 fo r reading of IV , +.02V 

e .	 Set o sc i ll a t o r to 6 0 0H z . 

f.	 Adjust R225 for a read ing of . 7 v olt s a t point " 10" . 

6.6 LOW-CUTOFF DIAL SETTING 

a .	 Set oscillato r frequency to 3 KHz. 

b .	 A d just voltage for 1 volt at p o int " 10 " . 

c .	 S e t osc i llator to 300 Hz . 

d .	 Adjust low cutoff dial for . 063 vo lt s (-24db from 1 volt ) at point "10" . 

e .	 If nece ssary , loosen dial set screws and set dial at 60 . 

6.7 LOW CUTOFF Xl K MULTIPLIER CALIBRATION 

6.7.1 Step 1 

a .	 Set l ow c u t o ff dial t o 20 , multiplier to x l K , 

b.	 Set osc i llator to 10 0K H z and connect AC vo ltmeter to p o i n t " 4" . 

c.	 Adjust v olta g e at p oint "4" for 1V r rn s , 

d.	 Swi t c h oscillato r t o 5KHz. 

e .	 Adjust C 7 07 for . 06 v olt s (-24 . 5db f rom 1 volt ) at p o i n t " 4" . 

f.	 Repeat s t e p s b throug h f until no add itional ad justment i s required . 
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Section 6 - Calibration and Adjustment 

6.7.2 Step 2 

a . Set oscillator to 100KHz and connect AC voltmeter to point" 10". 

b. Adjust voltage at point" 10" for I v olt r rn s , 

c. Switch oscillator to 10KHz . 

d . Adjust C717 for. 063 volts (-24db from 1 v olt) at point "10". 

e. Repeat steps a through e until no additional adjustment is required. 

6.8 200KHZ CALIBRATION 

a. Set low cutoff dial to 200, multiplier to x l K, 

b. Set oscillator to 600 KHz. 

c. Adjust oscillator for 1 v olt at point" 10". 

d. Switch oscillator to 200KHz. 

e. Trim C741 for O. 7±. 05 v olt s at point" 10". 

6.9 HIGH CUTOFF DIAL SETTING 

a . Set low cutoff dial to 20, multiplier to xl. 

b. Set high cutoff dial to 60, multiplier to x l O, 

c. Set oscillator frequency to 100 Hz. 

d. Adjust oscillator voltage for 1 volt at filter output. 

e. Switch oscillator to 1. 2 KHz. 

f. Adjust high cutoff dial for. 063 vo lt s (- 24 db from 1 volt) at output. 

g. If necessary, loosen dial set screws and set dial at 60. 

6.10 HIGH CUTOFF X1 K MULTIPLIER CALIBRATION 

a. Set high cutoff dial to 60, multiplier to x l K, 

b. Set oscillator to 6 KHz. 
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Filter, 3500 

c . Adjust oscillator voltage for 1 volt at filt er output. 

d. Switch os cill ator t o 4 8KHz . 

e . Ad j u st C727 for a r eadin g of . 94 volts a t filter output. 

f. Switch oscillator to 6 0 KHz . 

g . Adjust C7 37 for a r eading of O. 7±.. 05 volts a t filte r output. 

h . Repeat steps d through g u ntil no further adjustment is r e qu ire d . 

22 



1 - - - - - - - - - - - - - - - _. - - - . ~ . - . - - - - - -- -

~ 

REAR 
OUT1'<JT 

FRom 
OUTPUT 

,.,. j 

I 
;:;:< I I 

I 
I 

"U 

.... 

..... ~ I LOW 

FL.ATcf~ 

,RESPONSE -r
SWITCH 

nOlA 

G 

SEQU E "' CE OF s-o. AND 
5r0 2 "u I.T I ~ L1 ER SW ,1CHE 

O .10 

-=.. , 10 0 

0 , 11': 

:: ~ I 

Co"'4-243 

o 

~ 

0 \ 

""I< 

~H 

""1"'1'.1 ' 

o 51tr 
, 11f ",. 

" .Il 
// 

,f" I r 

G 

".xJ LOW 
I 

----'-F"'~A""ETS P ON~~ 
SWIT CH -

5 901& 

' l ',..
.,,, 
' II 

. ~. 
t . ~ • 

.n : . r, 

a :• • •)" 

n i 
•-r 

.. ~I _ l l . ·~ 
~.---~ 

~I 'H ClJ TO" F RE Qu E NCY T UNING 

-"'-II It-I I II l~ ~W 

3 ~ - - - - - -

c·n ~ ! " 

~ f/'?J'- "~ r,' t -L;?J - ri i'll: 
L ~ __ ~l~~ -1 ---l.. __ ...:.!2.!. ~~!....- -l 

LOW CUT OFF FRE QUEN CY T UN IN G 

,...; / 
----, 

· Ul 
1~~ ' 

---- ---  -- ~..=--~--

- ~" ~~ \ 

. '" ~ 0-"< c""'< 
.. ,. r--~ n , r!:-r-o""i ~~ . orfr' .", " " ' , 

• . :.;-='-i : '1' . ... . 
.. .. ~~~ 

I ~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
L- -1-  - - - - - - - - - - - - - - - - - - - ~1~14 ~.I~n-;~ -;A;f'I::J,J-;VI - - - - - - - - - - - - - - - - - -.. - - - l 

I 
I 
I 
I 

.... L :la 

'" 

-.E~f' - - " 1.:::::.- , ..... ~ . 

~' .~ ~ - - : ~ 
G:0 1 "J 

. i : ~ T ~ , ,~ 

" 1.' 
t. tt 

" ~ ' I 
~ .) l 

+"" f! 
·/I~ · S ~ i : n 
; .t" _~.: ( 

-"'E j I I : I I I l .I. I I I ! .. 1 I I " I 

t !lll l 
t.:-.I 

: ~ ~ 

NOTES 

AL L RESI STORS l ~ OHMS UNLE SS 
OT ME RWI 5E SPEC IF IE D. 

VOLTAGES J,(EA,5 U....ED w ITH 

5101 Ii S"'UZ ' N" l l" POS ITION 

5')0 : IN "MAX flAT " POSIT ION 
80TH DIALS IN "6 0" POSITIONS 
AND POINTS " I"'" ANO" r" 
GROUNDED 

SIG NAL PAVH C 

FEED8 A.CK PATh ---
F'~ :'Hn PANEL C:)fH P OL -€F"' 
JottAR PANEL t OlllTROl. 0 
PC CARD CONTROL flJ 

~ t: 

" 

1'15'" 

-I'" 

~ 

It~ , ,1 
.00 

L....+- j I ==--".I L"""",,,-, I, j j . uv 

fl 
~ ~ , 

' 1l'V1(T 
I ~T ' : ,1 

~, v ~' 
I I '" c!:'J -r-' .I ' I I

t.il 
,1;. ~ : ~ .P 
'-...... Y. 

AEAR 
I NPUT 

C'W1 1', 

1* ' .: 

,, ~ 

1.1)1 

::U ,.... 

- H I 
J •• 

r -- - - - - - - - - - - - ~ 
I 
I 
I 
I 
I 
I 
I 
I , 



•• 

~ ES ls rORJ 

Dr:" \.Crip, iOl'. ",Jt. P~t Nc , 5"..m1 Sr ;r.t.:..tl Of!' \CTipti '='tl tl f , . Po" !'fo . 

")~ Ill : i ' · ...· .... CB1061 R31:'JR. l 0 1 10" lO';.g 1/4·..' I ,SK 10 • I/ "W A! " ami" 10 ' u...., AI CRIOS I k lOI RJI:I J. n s . ,/ .cw 1.6 CI3925 ' M 
AI C810 11 k lOJ 100 10'1 1/ ' 1': 100 II. ", RJI' M CBI012 
AI CBIOIl p.J 5RIO' H'. 10' 1/ "": " i"'J 20' , 1/• ••• AI 112 

.; 1(> I /:. '/.· ~I CMOlI RIOS ' 31'J AI C868JS<><I ' ~ 11' ''' 
AI C&4712 RJ I 7 RI06 3 .9K IOi(, 1/ 4N ' 70 20 11....' AB C!JII2 1 
':' B cesus :L... ~ I 1,/ <4\' ,' RI07 SID ~ " kJl t AI C8J J2 1 - I'" 

6 . 8(. 10"b 1/4W RI08 AI C86821 RJ I9 100 1/ 4'10' Aa cstotz 
RJ2')6 . 81'< 10~ 11l'I.' AB C86821 klClf 100 2O"b l/. w AI C81012 

100 10" I ! ~ \'.' lOy 1 /4W .3'21 F I IJ AB C810 I C810JI "6 'O'l.20 . 11'.... AI r:b04 ,I .. wR2C·I ' 7 !O"' I 1/4.' .• 1 C84701 " ~ 
jo(Z')] ,;CII ' .', " 8 Cfl,I'I 1. ; . 'r1 " 10 . l : f ,', C~ J'9~1"- x 

ob I. 10 1/....../ A8 C868;1 R20J H~ 10 II . .....R502 Aa C8 1021 
Aa C81625 I K 100., 1/ 4'....•R204 1.6K S'"' 1/ .'" R503 J..! c a l 021 

.2";' 5" 1/ . ..... R50JR20S I 6t: 10'>0 1/ 1-'/ 1.8 EalB21 AI ca2"' ':;
. 0K Slo 1/ 01 ,'1R AB C8J625 R.sO~ 3JOK 10'>. l/.VI ..8 C833-1 1 

I 1/ 4.... !K,\J n PM AI 0 10 12 R208 ~ f'OT 5' 
3 .3 ' 10 1.'~ ,'. RVI M C83m R.sO ! ~. 9 r I~ Ifl''' ,' ... Cft.1;lI 
070 2O -~ 1/';',', AI C!\o& / I ..! R210 R.sOll . 022m1 10'>. 100'1 CD iI 1522 
2< S"," 114W a).,.M n PM R2 1l AI CI 2025 SK POT RS09 
100 1/ . ,,',' R212 A8 CoIOl2 RSlO ,,: 10"li. l/4w A8 cerczr 
6SK IO'!. 1/ 4W R2I3 AI CB6831 "-III S ,6K 10 l/IW A8 CllS6l ' 
100 I 1/4' ,',' AI CI IOI I R512 5 .6K 10'll0 I/ . w R214 A8 CBS621 
p ; I I!. .... Ae C&1021 0.513 100 20% 1/ 40'1 " 8 CI IOI I ~2 1 ' 
l ;-J 20' ~ I . ...,' A8 CB.4 112 "-114R216 .. 8 C3J921 3 .9 ' : I 1/ 4','/ 

2O'loo I / ..W Rl 17 AI C3<712 R601 !'RIM 10'11. 1/4v' AS TYPE CI "IV 
TR If,,,. IQ'o" l/. w AI Ty PE C3 RI IS A8 C8332J 11602J. 3t: IO'!. I /~ "; 

3JO I l!4W AI Ce.J31l AI TYPE C8 0.119 Rb03 TRIM I 1/4W 
seo 10'11. lW A8 G868 1l R604 R220 TIlIM W ' I/. w AB TYPEC8 

AB C31035 R60S TIlIM 10"> l/4W A8 TYPE C8 R221 10 K S~ ' / 4V1 
R5. cK IQ'll, 1/4V1 A8 CB5621 A8 TYPE C8 R222 TRIM I Il'!l. 1/4V1 
0.607 470 1/ 4V1 A8 C84712 TIlIM 10% l/4W AI TYPE C8 R223 

A8 C83321 R606 A8 TYPE CB 0.224 3 .3K l O~ 1/ 4W TRIM I I/.w 
lOO K POT 8KM nPM A8 TYPE C8 R225 R609 TRIM 10"0 Il.w 
SK POT I KM nPM0.226 R610 TIlI M IQ'I\, I/.w AI TYPECI 
17') 1/ 4W 0.301 A8 C84712 A8 TYPE C8 Il6Il TIl1M ICl'i. IllW20'" 

0.302 47K 10 ' 1/ 4W A8 C84731 TIlIM IQ'I\, I/l W A8 TYPE C8 11612 
R613 TRIM I I/.w 048 TYPE C8 0.303 ' 70 10"l. l/4V1 A8 C84712 

R:;DoI J.2K 'o'. I/l W A8 CBl n l R614 A8 TYPE C8 TIlIM 10'lb I/l W 
2.7K S'lo, l/4W TRIM I (ljf, 1/4W R30S 0.615 A8 TYPE C8 A8 CB2725 ,0".,AI C84712 ' 70 20 . 11M 11616 TRIM I/l Vl A8 TYPECB 0.306 

0.101R307 910 S}" 1/ 4W A8 C89I1S 10K I I/ow AI C81031 
R702 AI CBS61l R30Il l.SK 10% 1/4W A8 C81S21 S60 10% l/'.'W 
R AI C81841 1I3OK I 1/ 4W 0.30'/ 470 2Q"" ~ l/4V1 A8 C84712 

0.310 68K IC'!' l/4V1 A8 C!l6831 AI Ce20J:) RIOS 20K S% 1/4W 
R311 A8 C84712 4 70 2O'loo 1/4W lOOK 10';; 1/ 4W AB 0 1041 R901 

CAPACITO RS 

De SGrip, ioo Mfr. Pert N o . Sytr.bol Descr ipt ion 5ynl>ol Mf r . Pe-t No . 

ERT S IJI-lOO-6SI -I04M. Imf 20' JOOV C713CI OI . l mf - I '" lOOV TRV' X66:f' 
ELM DMI9 C621K 620pl 10% SOOVC I02 - 3'llo 

lOOOpl 20% SOOV SP C0238S0 l E102M C I03 C714 . Ol mf 200V TRW X66Jf- I"
SP C023&S01G I03M CI04 .Olmf SOOV -n 
ElM DMI 5CIOIK lOOpf 10'lI'. SOOVC20 1 C71S l OOOpf 5')(, 500V ELM CMI9CI02 J 
ELM DMI5Cl 0 l K C202 lOOp/ 10% SOQV 016 82p! lOOk 500V ELM DMI5C820K 
ELM DMI9C68, K 6130pf 10% SOOVC203 C717 4-10p! TRIMMER ELM TS0310 

l OOP( 10% SOOV ELM DMISCWl K C204 cm JOmF +1'% SOY TRW X663f 
ELM CHI :'C6'\ OJ .... s: 500V ClOS - 3% 
ELM DMISCIO I K C301 l 00p/ 10% SOOV C722 Imf +1% 200V TRW XblJ 
ElM DMI5CIOIK 100pf 10% 500V C302 -n. 
SP rrso IN025G IAI P 5COmf 10' , 2511 C123C303 . Im! +1% 200V TRW Xb6Jf 

500", 1 SOV CSOI SP 620'5063 - 3'0 
SP 62045063 SOOmf SOV Cn4C502 . Ol ml +I'l\o lOOV TIlW X66:f' 

4m! SOV SP 62D45063 CS03 - 3% 
4m! SOV SP 62D. 506 3 cnsC504 IOOOp! 5% mV ELM CM I9CI02J 

SP 196DIOSXOOJSDSIml 20 , 3SV Cn6 61p! 10..... 500V El M DMI5C50 IK C505 
1m! 2O~ 3SV SP 196DI05XOO3SD8 Cn7 I -lOp ! TRIMMER ElM TS0310 C506 

CD WMFI S33 . 033mf 10% l OOV C731 IOmf +1% SOVC507 TRW X66:f' 
. 022mf 10" . lOOV CD W"''fl !;22 - 3% C50S 

TRW X663f IOmi ' I SOVCin1 C732 I mf -1-.. lOOV TRW Xb6Jf 
-3~, - 3"

C701 1m! +1 200'1 TRW X663F C733 . Imf ·1 ... 200V TRW Xi>63f 
- J'li, - J'll, 

TIlW X663F C703 . l mI +1 200V C734 . Ol mf +1'" 200V TIlW X663f 
-3 - 3% 

TIl\\' X66JF.Dlmf +1% 200V C704 crn 100Op! 5% 5/XJV ELM C19C102J 
-J~.J C736 S i p! 10% 500'1 ELM DMISC510K 

ELM CMI9Cl 02! • ...apf TR IMMERl 000p! S% 500'1 C737C705 El M TS0310 
ELM DMI5C4IOKC706 47pf 10% SOOV OJO S6pf 10% SOOV ELM DMI5C500 K 

l- lOpf TRI M.'IlR ELM TS0310 CI0 7 0 41 I .S- 20pf TllIMMER ElM TSO IIO.,'lI. TIlW X663f :>JV 011 C801 6. 8pf 10",-0 SOOV ASP 92 12- 68910 ' Oml 
- 3 ~ . 

Iml .,.,.-. lOOV TRW Xb6Jf0 12 
-310 

TRANSISTO RS. DIODES. MISC. 

Mfr . Por t No. Sy.....1Delc ripriol'l DCic.riptionSymbol Mfr . Part N Cl. 

AME 2N4302 2N4 302 FERRITE 8EAD L201 STK S7-0 181 0'0 1 
MOT MP56Sl8 MPSOS I8 0 102 

DLV 1537-12 luH y IlK 1/4W 1.301
MOT Ml'S6SlS 0 201 Ml'S6SIS l uHy 10% 1/4W DLV ISJ7- 12 l302
MOT N.?S~5 1 80 202 518 l url y IO"~ I/. w <lLV 1537- 12 l3l3
·I.OT NP56515 MPSI'..SI5 0 203 
MOT MPS6Sl 5 MP".>6Sl S 0204 2:>JK I()'>, 'Z'N I A. J9S128 P601 
MOT MP56518 MP56518 0205 15K I ~~ 7:" I A. J9321l0D P602

0206 2N4 3C2 AME. 2N'302 90K lit ~ : I A. » sra P603 ,..\P$~ I B MOT MP5o-J~ I B020 7 90K ,0'>. z.," A. .fI , T17 P604 i,,",O T MP56S15 MP56S16 0 208 25K 10" 7:' / I A. J9J 2I3ODP60S 
P6Q6 250K 10 LC, A_ Jh n e i

MP$~5 ) S MO r MP'S65 S 0 301 90K 10 'Zoo', A. .1I,j72 7 P607 
MOT MPS6518 I "'P~S I 80 :<l2 P60S 90K I~ 7Y< A :" J9 s n 7!M t-'>~ 'j l o; ~I-,Q r MP'YJ5 IS o coa 

Ic; J0.4 ,...,O i 'APi6 SIS MP'.i6 ~ I 'i 
FUSE, SLO- Bl O ,..' . 1';'1 flUS "''O L- !/BA F9'JI MOT IIJ'>6 SIS 0 305 MPSOSl 8 F Sf. SL0- BLOW, 234'1 I US MClL-l/I 6AMOT Ml'S.;5lS MPSOSlS 0 3C6 

IN OIC~TOI. Lf D OI "1 \' , 0;,
D'SOQ IMOT 2 1234OSOI 2N4 23-1 

MO MPS3640 MPS3b40 O S02 
R CEPTACLE. POWER SWC EAC- 30 J vo : f..}P$65 5 )101 0 :>J3 MP50S' S 

MOT Mi' 565 18 MPS.>SI8 0 504 
RCA 2N 5 189 O :>JS 2NS I89 SWITCH. ROTARY KH 8-2657/C5701 
MOT MP53'>40 .V PSb·~0S06 SWITCH, ROTARY KH B-2657/CS702 

CR4QI TR IN. 149 IN41. 9 SWITCH. Sl iDE CW G- '265901 
SWITCH, SLIDE CW GF- 123 S902 MSC IN400 2 CRSOI IN 4.:n SWC 16 256LFR SWITCH, SLIDE 5903 MOT M.Z2J61 CRS02 M.Z2361 SWITCH, TO G GLE CK Ull5904 MOT M.Z2361 CRS03 M.Z 2361 

MSC IN4oo2 CRS04 IN4::'1D2 
TRAN Sf O RMER. POWER KH 8--2653/EMSC IN4002 T901 CRSOS 1N4002 

MSC IN4002 CRS06 INl002 



MilwouM OO'l , W i, e ,
','1. Vi e w, Cali f. 
O~!Y.l ; ~ , P.1. 
St. Louh, 1/'1..1. 

N . wor:':', N , J. 
'.' ,' 1I.. etc ....",. I"' '':U~. 
F1I il~ .; .. jp"i' J, P; . 
t o31 l l\ urc m , N . ... 
COtnptOO , Cl.Il if. 

ELM 1721 :161 
Ell !72982, 
Mo r 10m 3) 
MSC 
RCA 1496111 
\ P ' \ b2 ~ 
sr-, ~ 1 34 88 ' 
rp. ilJJ,8,"n 
r RW (8+4 11' 

E" le <; tro Mnt i\.'l' MfO. 
Erin Ttlchno iag it:.. <J l 
r., -Iglola S'lJ'nicl:lf1, i ..... dOl 
Mi c;. f o~ 5 .e m j c Of'lll u G t or 

~:~~:~Orr~~;:,:~:ir.c 
)1 ':JL ~ pc l ", C"1It....".: , 
" Ofll ll; ' ,r F lo noole , 
TlfW Co,p , 

Wi ll imontic , Conn , 
Eeie , Po. 
Phoet li:.:, Ariz , 
Culve r Ci t t , ceur. 
t turr iP1 , N. J . 
~ J"..,rt, A.!" ... f\.1.rw , 
$, Ml."rI1' . P;J , 
"" '; ' e l i . l rl , '_'••n ~. 
O !Jtll lete, NI!'b . 

o 
..,, 
J 

e 

~ 

o 

~ © -"'0 0--

o 

,1
 

I 




