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IF YOUR INSTRUMENT DOES NOT OPERATE 

PLEASE 

1. Check operating procedure in manual for proper setup. 

2. Check fuse and power supply voltages. 

3. Call your Exact representative or factory. Instruments returned to the factory will .... 
be accepted only if they are sent freight prepaid, uniess Exact or factory represent­
ative has authorized otherwise. 

-
CLAIM FOR DAMAGED SHIPMENT 

The instrument should be inspected as soon as received. If damage has occurred, a 
claim should be made with the carrier. The claim agent should receive a complete 
report of damage and a copy sent to Exact. Af ter receiving this report, Exact will 
advise you of the dispostion of the instrument and arrange for its repair or replace­
ment. 

,.... 

WARRANTY 

Exact warrants its instruments to be free from defects in material and workmanship under 

normal use for a period of twelve months from the original date of shipment. Exact's 

obligation is limited to repair or replacement. 


All repairs and replacements made under this warranty are f.o.b. Exact's factory or des­

ignated service depot uniess otherwise authorized by Exact. This warranty is made on 

condition that prompt notice of defect is given to Exact, in writing, within the warranty 

period and that Exact shall have the sole right to determine whether in fact a defect exists. 


This warranty does not apply to any instrument which has been repaired or altered by other 
.... 


than Exact's own service representative so as, in Exact's judgment, to adversely affect it, 

nor which has been subject to misuse, negligence or accident or which has been operated 

contrary to sound practice or operating instructions. 
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- MODEl 128 lIN-lOG/SWEEP GENERATOR 
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FEATURES 

• 	 WAVEFORM GENERATOR - SINE, SQUARE, 
TRIANGLE, RAMP AND PULSE 

• 	 LINEAR OR LOG SWEEP GENERATOR 
(1000: l RANGE) 

• 	 PULSE GENERATOR - VARIABLE WIDTH 
AND REPETITION RATE 

• TONE BURST GENERATOR 

• GATE/TRIGGER 

l 

• VARIABLE PHASE START/STOP 

• 	 KELVIN-VARLEY DIVIDER FREQUENCY 
CONTROL 

• VARIABLE D.C. OFFSET 

• 	 SEARCH MODE FOR MANUALLy 
SWEEPING OVER THREE DECADES 

• FLOATING OUTPUT PROVISION 

• DB STEP ATTENUATOR 

c 	 =::I ;­
._ .. ­ --- . --+ t - I,- I·II 11

-= -­ ~ II 
..... +-t +++ 	 ~ .. t ••... 	 H +-t-t+ .. '-111di== r;, ~;~ ­I 1i1~ ~ == .A­ II 

I=	~
.. . - - ­.._-_ .. . == :=1'1\ I- _. -1-· -1- r.II 

- . ­
. ~ 	 ;;;1 ­··~ l!J fJ . . . ",e. 	 SINGLE SHOT 

Box 160 HiIIsboro,OregonEII® 

97123 Tel. (503) 648-6661 A Sub5ldlory of 

TWX 910-460-8811 
Donalab, Ine.EXACT electronics, inc. 



.. 

GENERAL 

The Model 128 is two eomplete generators in one small unique pockoge. The main generator is o VCF (voIt­
age controlled frequeney) generat or produeing sine, square, triang le ond syne waveforms over o dynamie fre­
queney range of 0.1 Hz to 3MHz. The sweep generator is o ramp generator providing o linear ramp with o dura­
tion of 100 seconds to 10,usee. It is used to internally sweep the ma in generator either li neorly or logarith­
mieally over o 1000:1 (three decodes) range or to gate or trigger the main generator for tone-burst ond ... 
pulse generator operation. 

A seareh mode is provided using the Kelvin-Varley divider f requeney multiplier vernier so the main generator 
con 0150 be manually swept over three decodes. In the pulse mode, pulse duration os weil os repetition rote are 
variable. Both the main ond ramp generator con be manuallyor externally gated or triggered. 

The ramp output is available at the ramp output eonnector via its own ottenuotor ond is 0150 available inverted 
at the main output amplifier. The main generator con be swept up or down in frequeney by the ramp generator. 

The Model 128 is aetually o eombination SINE, SQUARE, TRIANGLE, VCF, LINEAR OR LOG SWEEP, TONE 
BURST, PULSE ond independent RAMP GENERATOR in one versatile pockoge. 

... 

SPECIFICATIONS 
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WAVEFORMS: Si ne-Square-T riangle-Ramp-Pulse-Sync . 

DYNAMIC FREQUENCY RANGE 
Main generator, 0.1 Hz to 3MHz . (20 Hz to 20KHz in 
20K range) 
Ramp generator, 100 sec to 10f<sec. 

MODES OF OPERATION 
Main generator: Run-Gate-T rigger-Pulse-Burst­
Linear Sweep-Log Sweep. 
Ramp generator: Off-Run-Gate-Trigger. 

SYNC OUTPUT 
Main generator: Square wave approx 2V P-P open circuit. 
Approx l OO~ output impedance. 
Ramp generator: Square pulse approx - l V peak open ci r­
cuit . Approx. l OO~ output impedance. Coincident with start 
of ramp. Located on rear panel. 

FREQUENCY ACCURACY 
Main generator: ±2 % of frequency range (typically ±2 % 
of setting). 
Ramp generator: 100 sec to 10f<sec in seven calibrated 
steps. Accurate within ±5%. Uncalibrated, continuously 
variable between steps. 

MAIN OUTPUT: 50~ output impedance. All waveforms 20V 
P-P open circuit. lOV P-P into 50~ with exception of ram p 
which is lOV peak open circuit, SV peak into 50~ . A full 
60db of attenuation is provided in 20db steps with 2 0db 
continuously variable . 

AUXILlARY RAMP OUTPUT: Typically SV peak into 600~ 
75~ output impedance. 

V:f 	 OUTPUT (voltage proportional to frequency) V:f output 
voltage directly related to freq uency withi n se lected range. 
Approx. 5mv to SV for 1000: l ra nge . 

GATE AND TRIGGER MODES 
Input: D.C. coupied, input impedonce approx SK. Trigger 
signal requirements; manual or externa I voltage of a pprox 
500mv for turn on. T rigger level a djustable. 

RAMP HOLD MODE: Ra mp will run to its pea k and will not 
rese t until manua lly reset. W hen ramp is placed in tri g 
mode and ramp hold the two end s of the sweep can be 
measured and set. 

SINE WAVE DISTORTION 
<0.5 % 0.1 Hz to 100HKz (typically 0.2 % l. No harmonics 
<30db down 100 KHz to 3MHz (typically 38 to 42db 
down). 

SINE FREQUENCY RESPONSE 
O. l db to 100KHz, 0.5db to 3MHz . 

SQUARE WAVEFORM 

Rise and fall. <75 nanosec. Overshoot and ringing <5 %. 


TRIANGLE LINEAR ITY: 99 % to 100KHz, 95 % to 3MHz. 

D.C. OFFSET: Variable±5V into 50~, ± lOV, open circuit. 
Note: D.C. offset plus signal cannot exceed maximum volt­

age output or clipping will occur. 

FREQUENCY STABILITY: 0.05% of setting for 10 min., 
0.25 % of setting for 24 hrs . 

AMPLITUDE STABILITY: 0.05% of max. P-P amplitude for 

10 min., 0.25 % of max. P-P amplitude for 24 hrs. 


SYMMETRY (time) ± l % 

POWER REQU I REMENTS 

Input Voltage - 115 VAC ±10% or 230 VAC ±1 0% . 

Frequency - 50 to 400Hz. 

Power Consumption - approx 20W. 


PHYSICAL CHARACTERISTICS 

12Y2" wide x 3 %" high x 10%" dee p. 

Top and bottom covers are easily removable, exposing all 

ca libration and circuit board areas. 


PRICE : (Lo.b. Hillsboro, Oregon) 

Option A $80 5MHz, Main Gen. 

Option B $50 0 .0 1Hz, Main Gen. 

Option C $ 130 0 .0 l Hz-5MHz Main Gen. 


NOTE: (uniess otherwise sta ted) . Specifications apply 10% to 
maximum output vol tage, te rmina ted, inta 50~ and do 
not opply in the Seorch mode or 20 K range. Spec ifica tions 
ore val id at 25 °C±5°C. 

EII® Box 160 Hill,boro,Oregon 
97123 Tel. (503) 648-6661 

TWX 910-460-8811 

EXACT electronics, mc. 
A 	 SubSldlory of 

Donalab, Ine. 

P·r inted in U.S.A. 11 / 72 
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sP E C I F I C A T lON C H ECK - O U T 

CHECK-OUT PROCEDURE TO VERIFY SPECIFICATIONS 

Following is a list of test equipment required to validate the specifications. 

Test equipment with accuracy equal to the following list of test equipment will be acceptable for 
specification validation. 

Osc i II oscope, DC to SOM Hz 

Plug-in, Differential 20mv/cm sensitivity 

Counter/Timer, . l~sec time base 

DVM, .01% accuracy 

Harmonic Distortion Analyzer, less than 0.1% residual distortion 

Spectrum Ana Iyzer, l K Hz to lOOMHz 


SPECIFICATIONS 

FREQUENCY ACCURACY 

Main generator: ± 2% of frequency range (typically ± 2% of setting) . 


Ramp generator: 100sec to 10fJsec in seven calibrated steps. Accurate within ±S%. 

Uncalibrated, continuously variable between steps. 


MAIN OUTPUT: sCX2 output impedance. All waveforms 20V P-P open circuit, lOV P-P into sCX2 
with exception of ramp which is lOV peak open circuit, SV peak into 500. A ful160db of 
attenuation is provided in 20db steps with 20db continuously variable. 

AUXILlARY RAtv\P OUTPUT: Typically SV peak into 6000, 7s0output impedance. 

GATE AND TRiGGER MODES: Input D.C. coupied, input impedance approximately SK. Trigger 
signal requirements, manual or external voltage of approximately sOOmv for turn on. Trigger 
leve I ad iustab le. 

SINE WAVE DISTORTION: Less than 0.5% 0.1 Hz to 100KHz (typically 0.2%). No harmonics 
less than 30db down 100KHz to 3MHz (typically 38 to 42db down). 

SINE FREQUENCY RESPONSE: O.ldb to 100KHz, 0.5db to 3MHz. 

SQUARE WAVEFORM: Rise and fall less than 75 nanoseconds. Overshoot and ringing less than 5%. 

TRIANGLE LlNEARITY· 99% to 100KHz, 95% to 3MHz. 

D.C. 	OFFSET: Variable ±5V into 500, ±10V, open circuit. Note D.C. offset plus signal 

cannot exceed maximum voltage output or clipping willoccur. 


FREQUENCY STABILITY: 0.05% of setting for 10 minutes, 0.25% of setting for 24 hours. 

Atv\PLlTUDE STABILITY: 0.05% of maximum P~P amplitude for 10 minutes, 0.25% of maximum p-p 
amplitude for 24 hours. 

SYMMETRY (time): ± 1%. 
12R 
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SECTION 2 	 SP ECI FIC A TION CHECK-OUT 

If for any reason the Generator fails to meet any specifications, It is recommended that the 
Instrument be complete ly calibrated using the Calibration Instructions contained withln this 
manual. 

FREQUENCY AC CURACY 

Main Generator: 

1. 	 Set controls as follows : 

RANG E IK 

MULTIPLl ER 1. 0 

MAIN MODE RUN 

FUNCTION SQUARE 

ATTENUATOR Od b 

AMPLlTUDE MID RAN GE 

D.C. OFFSET O FF 

RAMP MODE RUN 

R.AJv\P AMPLIT UDE .9X 

R.AJv\P POLARITY POS 

R.AJv\P TIME l mSEC 

CAL VERNIER CAL 


2. 	 Connect the Counter/T ime r to t he Sync Output jack on the front panel with an appropriate 
coaxia l cable to the A. C. input. 

3. 	 Ob!.erve time interv al o n counter of I OOOfJ !.e C ±20fJse c. 

4. 	 Set Range to 100 . Obse rve ti me in te rva l of 10msec ±.2msec . 

s. 	 Set Range to 10. Observe time interval of 100m see ± 2msec. 

6. 	 Set Range to I. Ob!.erve time in terval o f 1000msec ±20msec. 

7 . 	 Set Multiplier to .1 0. Observe time inte rval betwee n 8 .33sec a nd 12. S0sec. 

B. 	 Set Range to 10. Observe time interval be tween B33mse c and 12S0msec. 

9. Set Range to 100. Observe ti me interva l be tween B3 . 3msec and 125msec. 


lO. Set Range to lK. O bse rve time interva l be twee n 8 . 33msec a nd 12 .5msec. 


11. Set Range to lOK. O bserve frequency o f 1 K Hz ± 200H z. 

12. Set Range to lOOK. O bse rve fre quency of lOK Hz ± 2K Hz. 

13. Set Range to 1M. Observe fre que ncy of l OO K Hz ± 20K Hz. 

14. Set Range to 3M . O bserve frequency of 300KHz ± 60KHz. 

15. Set Multiplier tb 1.0. Observe frequency of 3MHz ± 60 KH z. 

,.. 

,.. 

... 

... 
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SECTION 2 SPECIFICATION CHECK-OUT-I 
FREQUENCY ACCURACY, Main Generator (continued) 

16. Set RC1nge to 1M. Observe frequency of lMHz ±20KHz. 

17. Set Range to lOOK. Observe frequency of lOOK Hz ± 2K Hz . 

18. Set Range to lOK. Observe frequency of lOK Hz ± . 2K Hz. 

~

I 19. Se t Range to l K. Observe frequency of l K Hz ± 20Hz. 

20. Se t Multiplier to .SO. Observe frequency of SOOHz ±20Hz. 

21. Set Multiplier to 1.0. 
~I 22. Set Range to 20K. Observe frequency of 20KHz ±400Hz. 


Ramp Generator: 


-
l. Conne ct the Cou nter/ Timer to the Ramp Sync Output on rear panel with an appropriate 

coaxial cabl e . 

-
2. Set counter to read time interval between negative slope and positive slope of pulse. 

3. Se t Col vernier to Cal position. 

4. Set Ramp Time to lOfJsec. Observe ramp time of lOf,lsec ± .5fJsec. 

l 5. Set Romp Time to 100fJsec. Observe ramp time of lOOfJsec ±5f.lsec. 

l 6. Set Ramp Time to lmsec. Observe ramp time of lOOOfJsec ±50 ~uec. 

- 7. Set Ramp Time to 10msec. Observe ramp time of 10msee ± .Smsec. 

8. Set Ramp T i me to 100msec. Observe ramp time of 100msee ±Smsec. 

9. Set Ramp T i me to lsec. Observe ramp time of 1000msec ±SOmsec. 

10. Set Ramp Time to 10sec. Observe ramp time of 10,000msec ±SOOmsec. 

l l. Set Range to 1msec. 

12 . Set Cal vernier fu ll CW. Observe ramp time greater than 10msec. 

13. Set Cal vernier to Cal position. 


TIME SYMMETRY 


1. Connect the Co unter/ Timer to the Sync output jack on the front panel . 

..., 2. Set Range to lO K . 

-
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SECTION 2 S PECIFICATION CHEC~ 

TIME SYMMETRY {contlnued} 

3. 	 Se t Multipl ier to 1.0 

4. 	 Set Counter/Timer to read time interval A to B and B to A . Observe ti me symmetry error <:.1%. 

5. 	 Set Range to 1K. O bserve t ime symmetry e rror .cl%. 
,.. 

6. 	 Set Range to 100 . Obse rve t ime symme t ry e rror <:. 1%. 

7. 	 Se t Range to 10 . Obse rve t ime symmet ry error <1 % . ... 

8. 	 Set Range to 1 . Observe t ime symme try e rror <.1 % . 

9. 	 Set Mu ltiplier to. 10. O bse rve time symme try e rror < 1% . 

10. Set Range to l K 


Il. Set Mul ti plier to 1.0 . 
 -
FREQUENCY STABILlTY -

l. 	Observe that the freq uency rema ins wit hin O. OS% for 10 minutes or ± .Sl-68c . 

-
SYNC OUTPUT 

l. 	Connect osc il loscope to t he Sy nc output on fro nt pane l with a n appropri a te coaxial lead . 

2. 	 Observe square wa ve of approxi mately 2V p-p open circu it . .... 

3. 	 Connect osci lloscope to the Ra mp Sync output on rear panel. 

-4. 	 Observe Sync pulse approximately -I V peak open circuit. 

MAIN OUTPUT 

l. 	 Set Amplitude to Max . Conned the ma in out pu t to the osc ill oscope with a SOO eoux ia l 

eable terminated into SOO. 


2. 	 Observe square wa " e ::>1 av p -p. 

3. 	 Switch thro ugh al l sq uare, triangle and sine wavefo rms , observ ing >IOV p - p amp litude. 
.... 

4. 	 Switch to Ramp wavefor m . Se t Ramp Amp .. 9X. Obse rve >SV ramp on Pos or Neg Ramp 

as se leete d by Ramp Po larity sw itch . 


.... 




SECTION 2 SPECIFICATION CHECK-OUT 

MAI N OUTPUT (continued) 

5. 	 Remove 500 terminator and observe >20V p-p open circuit for square, triangle and sine wave­
forms and > l OV peak for positive and negative ramp. 

6. 	 Set Attenuator at 20db and observe amplitude drops 20db or to 1/10 of amplitude at Odb. 

7. 	 Set Attenuator at 40db and observe amplitude drops another 20db, or to 1/100 of amplitude 
at Odb. 

8. 	 Rotate Amplitude vernier and observe another 20db of attenuation. 

9. 	 Set Amplitude to Max, Attenuator to Odb. 

AUXI LlARY RAMP OUTPUT 

l. 	Connect the Ramp output jack through an appropriate coaxial cable terminated into 6000 to 
the osci Iloscope. - 2. Observe positive ramp waveform approx. SV peak into 6000. 

3. Set Ramp Polarity to Neg and observe negative ramp approx. SV peak into 6000. 

GATE AND TRIGGER MODES 

l. 	Set 

MAIN MODE GATE 

RAMP MODE GATE 

TRIG LEVEL MAX 


2. 	 Monitor the Main output with oscilloscope. 

3. 	 Apply signal at Trig input jack, increase signal and observe Main generator runs at approxi­
mate ly +SOOmv of signal. 

4. 	 Monitor Ramp output and observe ramp runs at approx. +SOOmv of signal. 

SINE WAVE DISTORTION 

l. 	Set 

MAIN MODE RUN 

RANGE lOK 

AMP MID RANGE 

FUNCTION SINE 


126 
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SECT ION 2 SPEC IF I CATION CHECK-OUT 

SINE WAV E DIST ORTIO N (conti nued ) 

2. 	 Connect distortion analyzer to the Main output jack. Measure sine d istortion of < .5%, 
ty pi cally.20% . 

3. 	 Set Ra nge to l OO K and me a sure sine distortion <.5% . 

SIN E FREQUENCY RESPONSE 

1 . 	 Set Ra ng e to lO K . 

2. 	 Conne ct osci Iloscope to Ma in outp ut jack . 

3. 	 Measu re sine wave p-p amplitude accurate ly. 

4 . 	 Set Ra nge to l OOK . O bserve si ne amp lit ude d rop < .l db. 

5. 	 Set Range to 3M . Observe sine am plit ude d rop <.5db . 

SQUARE WAVEFORM 

1 . 	 Set 

RAN GE 1M 

FU N CT ION SQUARE 


2 . 	 Connect the Moin outpu t throug h a son coa xia l cabl e termin a ted into 50n to the oscill o ­
scope . 

3. 	 O bserve ri seti me and fal lti me of square <7Sns a t Main ou tput. 

4. 	 Obse rve overs hoot ond ring ing <:. 5% of p-p amplit ude. 

D. C . O FF SET 

1. 	 Set Rong e to lK, Amp litude ve rni e r to Min. 

2. 	 Rotate D .C. o ffse t swi t ch an d observe D.C . leve l shift ±SV into 5on. 

3. 	 Re mov e te rmin a tor and o bse rve D.C . le ve l sh ift ±10V . 

NO TE : D .C. offset plU 5 si gna l cannot e xceed maxim um voltage output or c lipping wi l l 
occur . 

126 
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SECTION 2 	 SPECIFICATION CHECK-OUT 

~ 

I AMPLlTUDE ST ABI LIlY 

l l. Set Amplitude to Max, D.C. Offset to Off, Function to Triangle. 

2. 	 Connect the Mai n output through a 500 coaxial cable termi nated into 500. 

3. 	 Set plug-in sensitivity to 20mv/cm. 

,..., 
4. 	 Measure accurately the positive peak of triangle and negative peak of triangle and record.I 
5. 	 Wait 10 rr,inutes and measure positive and negative peaks again. Observe amplitude change 

<l Oi :v. 

lRIANGLE LI NEARITY 

l. 	Connect the Main output to the differential plug-in through 0500 coaxial cable terminated 
into 500. 

2. Adjust oscilloscope to obtain one-half cycle of triangle aeross full horizontal grid on- osci Iloscope CRT. 

3. 	 Set differential plug-in sensitivity at 20mv/cm.-
4. 	 Adjust compar ison voltage unti I the slope of the triangle waveform intersects the mid-scale 

horizontal grid line at the second major mark as shown below. 

~ 

~ 

, 	, ~ 

\ V 
L 

", 

s. 	 Record reference voltage uSlng DVM accurate to 1mv. 

6 . 	 Adjust comparison voltage unti I slope of triangle intersects next mOlor horizontal grid mark. 

7. 	 Record accurate ly the new reference voltage . 

8. 	 Repeat to obtain as many points as desired . 

9. 	 Calculate linearity and observe linearity is 99% or better. 

126 
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SECTlON 3 O PER ATING INSTRUCTIONS 

...., 3.1.0 FRONT PANEL FAMILIARITY 

I. 	 Power Switch - Turns instrument On and Off. 
,....., 


, l 2. Power Indicator Lamp - Visual indicat ion when power is On. 


3. 	 Range Switch - Seleets desired frequency range . 

40. 	 VCF input - Provides external input for voltage controi of frequency Of" sweeping. 

4b. 	 ~ i n/Log Switch - Selects linear of exponential con tro I of freq. from VCF input Of" 

Intemal sweep . 

5 . 	 Sync O ut - Prov ide s SY'lC pulse for externa I equ ipment, Sync pu h.e is coincident with 
inte rnai square wave .-

6a, Mu ltipi ie r d ial - Prov ides ca li bra t ion fixed steps be tween range ~ettings. Each step 
equa ls 100/0 of range . The " S" position pl a ces the gene rator in the Search mode. 

6b . Mul t iplier Vern;e r - All ows variab le odjustme nt of frequency between fixcd steps of 
the Multiplier dial . 

7. 	 D . C . Offse t swit c h - The Off posit ion di sables the offse t potentiomete r. The offset 
po ten tiometer manua l ly ad justs t he D .C . re fe re nce of the outp ut wave form se lected by 
the Funct ion sw itch . 

8. 	 Ma in Mode switch - Seled s Ma in generator modes of ope ration . 

9. 	 Sta rt Level - Var :es the lockout leve l or pha se of the triangle a nd sine waveforms with 
respe c t to the squa re wave ...., 

-
10. Fu nc ti on sw it c h - Se lects the desired fu nct ion of the output. 

11 . Amplitude - Prov ides 20d b vari a b leattenuation of t he output amplitude. 

12. 	 Atte nuator switch - Selects desired a mount o f a ttenuati on a t the Main output. 

13 . 	 O utp ut jack - 500 output jack for a ll waveforms sele cted by the Function switch. 

14. 	 Ramp Mode - Se le c ts Ramp gene rator modes of ope ra t ion . 

15. 	 Trig Leve l - Adj usts trigge r le vel input se nsi t iv ity . 

16. 	 Trig In - Prov ides input for exte rna i gating and trigger ing signals for the Main generator 
and the Ramp generator. 

17. 	 Manua l pus hbutton - Prov ides manual gat ing a nd tr iggering signal.- 180. Ramp Amplitude - Prov ide s fixed posi tio ns of 10% amp lit ude attenuation. 


18b . Ramp Amp l itude Vern ie r - Provide s varia ble a mp litude ad justment between fixed steps 
-
of ra mp a tte nuati on. 



SECTlON 3 	 O PE RATIN G INSTRUCTlONS 

3.1.0 FRONT PANEL FAMILlARITY (Cont inued) 

19a. 	 Ramp Polarity/Sweep - Se lects ramp po larity at the ramp output jack and ramp polarity 
for sweeping the Main generator In the Sweep mode. 

19b. 	 Ranp/Ranp Hold/Reset - Ramp Ho ld causes the ramp to hold at peak voltage without 
reset. Reset prov ides a manual reset for the ranp . 

20 . 	 Ramp Time - Selects the desired range of ranp t ime in seven positions from I~ see 
to 1000c. 

21. 	 Cal vernier - Prov ides variable rcmp t ime between fi xed ramp time ranges. 

22 . 	 Ramp Out - Output iack for r cmp • 

23 . 	 Ramp Syn c - Provides a sync pulse coincident with start of ramp . 

24 . 	 V:f Output - Prov ides approx. OV to +5'1 proportiona l to Main G e nerator frequency. 
For use with frequency meter, etc. 

3.2.0 FIRST TI ME O PERATION 

NOTE: 	 Before applying power to the instrument, the input power line switc h must be in 
t he proper position corresponding to the line voltage source which wil l be applied. 
The instrument comes supplied with the proper fuse for IIlV operation. If the unit 
is to be operated from 230V AC line , place the line swi tc h located on the rear 
panel to the 230V position and change the fuse as indicated by the fuse data silk­
screened on the rear pa nel . 

Plug the power cord into the proper source of IOOV AC or 230V AC SO-400Hz and turn on 
the Power switch. 

NOTE: This instrument is equipped with a fl oot ing ci rcuit ground which may be t ied to the 
chassis ground or floated to som e other source by the connect ion of the grounding 
strap on the rear pane I. It is recommended that the rear panel chassi! graund and 
ci rcuit ground be connected together with the grounding strap provided uni ess it is 
necessary to f loot the instrument ground •. 

Set contro ls as fo llows: 

RA NG E 	 IK 
MULTIPLlER 1.0 
MAIN MO DE RUN 
FUNCTION IV 
AMP LITUDE MAX 

ATTEN UATOR Ddt::> 

D. C . OFFSET OFF 

RAMP MODE RUN 

RAMP AMPLITUDE .9X 

RAMP TIME 10mSEC 

CAL vernier CAL 

RAMP PO LARI TY POS 


... 

,.. 

... 

... 

... 
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SECTION 3 	 OPERAT IN G INSTRUCTIONS 

3.2.0 FIRST TIME OPERATION (continued) 

L Connect ·the Main o'utput through 0500 coaxi a l cable into a 500 terminator to a suitable 

,..... oscilloscope. A 1KHz l OV p- p triang le waveform should be observed under these condi­
tions. 

2. 	 Switch the Function switc h through its various output waveforms. 

3. 	 The freque ncy may be selected by the R:mge swi tc h and/or the Multiplier dial. 

~ 

4. 	 Switch the D .C . O ffset switch O n and o~erve t he waveform D.C. level may be adjusted 
as desired. Set the D. e . offse t switch to the O ff posit ion. 

-
5. 	 O bserve t he outpu t ampli tude can be adj usted over its 60db of dynamic range by the 

Amplitude Vernier and the Attenuator switch . 

6. 	 P lace the Mai n Mode switch in the G ate pos it ion. Observe the Mai n generator is now 
locked out . Observe t he output wh ile depress ing the Manu al pushbu tton . The genera­
tor wi II free run as long as t he pushbut ton is depressed . 

7. 	 Rotate the Start Level vernier and observe the lockout level may be adjusted to the desired 
level or phase . 

NOTE: The generator will free run if t he Start Level is rotated too far. 

8. 	 Se t the Ma in Mode switch to t he Trig position . O bse rve one complete cy ele each time 
the manual pushbutton is depressed. 

9. 	 Pulse Mode 

Set 	the Mai n Mode switch to Pulse. The generator is now being triggered by the ramp -
generator , givi ng a pu lse output . 

Set 	contro ls as follows 

FU N CTlO N SQ UARE 
~ 

RANGE 	 lKI MULTIPLlER 1.0 

RAMP MODE RU N 

RAMP AMP LITUDE . 10 

RAMP TI ME 10msec 


o s el LLOSeOPE 2msec/cm 

-	 Trigger scope from front panel Sync output. 

O bse rve that the Ma in generator Rr:lnge and Mult iplie r controls vary the pulse width . The 
repet ition rate is variab le by vary ing t he ramp ti me a nd ramp amplitude. 
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SECTION 3 	 OP E RATING INSTRUCTIONS .. 
3.2.0 FIRST TIME OPERATIO N (continued) 

.. 
10. Burst Mode 

Place the Mai~ Mode switc h to Bu rst . The Main generator is now being gated by the ... 
ramp generator, giving a burst output. 

Set the generator contro ls as fol lows 	 ,.. 

FUNCTION SINE 

RANGE lK 
 .. 
MUL TlPLlER 	 1.0 
RAMP MOD E RUN 

RAMP AMP LI TUDE .10 

RAMP TIME 10mse c 


OSCI LLOSCOPE 2msec/cm 

Tri gger scope from front pa ne l Sync output. 

O bserve by odj usting t he Ramp Amplitude or Ramp Time the burst "on" and "off" time 
moy be varied . The frequency of t he Mai n generator dete rmi nes the frequency within 
t he burst . .... 

Caut ion: 	 If the ra~ amplitude is adjusted below .06 (600mv) , t he Main generator 
will lock out-o Also, if the ramp amplitude is adjusted beyond . 50 t he ... 
gene rator moy ~pear to be free running un iess proper ly synchronized to the 
scope , since the "off" time is very small in proportion to the "on" t ime. 

If the ramp amplit ud e is od justed beyond . 30, it is recommended that the Ramp Sync 
output (Iocated on reor panel) be used to trigger t he scope while observ ing the burst 
"off" time . 

11. Sweep Mode 

To thoroug hl y undentond the Sweep mode it is recommended that you read the circuit 
descrip tion unde r secti on 4 . 2 .1 (Summing Amplifie r) . ... 
Set Ramp Amp to .9X . Place Main Mode to Sweep, Ramp Po larity to Neg and Ramp Time 
to 1 sec. The Ma in generator frequency is now being swept dow n over 1000: 1 by the Ramp 
genera tor at t he rate se t by the Ramp Ti me swi tch. ,.. 

P lace the Main Mode switch to Run . Place the Multiplier to S . Set the Range sw itch 
to l OOK. While rotat ing t he Multiplier vernie r CCW towa rd O, ob~erve th e Mai n genera- .... 
tor freq uency wi II sweep down to 1/1000 of the frequency set by the Range swi t ch. 

Set Ramp 	Po lari ty to Pos , set Main Mode to Sweep . Obse rve the Ma in generato r fre­
quency is 	now be ing swep t up in frequency from 1/1000 of the range se tting to approxi­
mate ly t hat o f t he range :>ett ing. 
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SECTlON 3 	 OPERATfNG INSTRUCTIONS 

3.2.0 FIRST TIME OPERATION (Continued) 

II. 	 Sweep Mode (Continued) 

The sweep rate and width may now be adjusted as desired by the Ramp Time and Ramp 
Amplitude settings. 

Log 	Mode 

Repeat Step II for Log Mode. 

12. 	 Set 

MAIN MODE RUN 

MULTIPLlER 1.0 

RANGE IK 

RAMP MODE RUN 

RAMP AMPLITUDE .9X 

RAMP POLARITY POS 

RAMP TIME Imsec 


13. 	 Connect the oscilloscope to the Ramp output jack after removing the 50oterminator. 
The ramp output wi II not drive 500 at full output. 

14. 	 Observe a Imsec 5V positive ramp at the ramp output. Switch the Polarity switch to 
Neg and observe a Imsec 5V negative ramp at the output. 

The ramp time can be set as desired by the Ramp Time switch and Cal vernier. The 
Ramp amplitude can be set from 5V to OV with the Ramp Amplitude switch and vernier. 

15. 	 Set Ramp Time to Imsec, Ramp Mode to Off. Observe the ramp is locked out at OV. 

16. 	 Set Ramp Mode to Gate. Observe the ramp. is locked out and wi II run as long as the 
Manual pushbutton is depressed. 

17. 	 Set Ramp Mode to Trig. Observe the ramp is locked out and will run one complete 
cyc le each time the Manual pushbutton is depressed. 

18. 	 Set 

....., RAMP MODE TRIG 

RAMP/RAMP HOLD/RESET RAMP HOLD 

RAMP TIME Isec 


-
Depress the manual trigger pushbutton and observe the ramp rises and holds at its peak. 
Place Ramp/Ramp Hold/Reset switch to the reset position and observe the ramp reset 
to OV. This is useful when one wishes to set upper and lower frequency in sweep mode 
or when it is not desirable for the ramp to reset. Place lever switch to RAMP position 

for norm a I operat ion • 
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SECTION 4 CIRCUIT DESCRIPTION 

4.1.0 BLOCK DIAGRAM (figure 7.2.0) 

MAIN GENERATOR 

The Summing ,Amplifier sums the currents from the Multiplier dial, VCF input and internai 
sweept 5ignal. The output of the SummingAmplifier drives the Positive and Negative Cur­
rent Sou~ces. ,A diode gate alternately connects the Positive and Negative Constant Current 
Sources to the timing capacitor selected by the Range Switch. This constant current charging 
and discharging the timing capacitors produces the required triangle. The Tri Buffer supplies 
the power to drive the associated circuitry without loading the current sources. Switching 
signal for the Diode Gate is supplied from the Bi-stable Switch in conjunction with the Level 
Detector. The Sync signal from the Level Detector and Bi-stable Switch is brought out 
through the Sync Output Buffer to prevent loading of the Bi-stable Switch. 

The Lockout ,Amplifier sinks the timing current from the current source during Gate, Trigger, 
Pulse and Burst Modes. Logic for these modes is obtained from the Main Generator tockout 
Logic. Signal from the lockout logic enables and disables the Lockout Ampl ifier. The Reset 
Buffer supplies a signal from the Level Detector-Bi-stable Switch, needed for completion of 
last cycle and reset for the Logic Gate. 

D.C. coupled gating and triggering is accomplished by the Trig Level Comparator. Signal 
from the Trig Level Comparator enables the Lockout Logic Gate during lockout modes. The 
Manual Gate and Trig Switch serves to eliminate contact bounce of the Man Pushbutton 
Switch during manual triggering and gating to prevent multiple triggering of the Main and 
Ramp Generators. The triangle from the Tri Buffer is shaped by the Sine Converter a"d ampli­
fied by the Sine ,Amplifier to produce the Sine wave. 

All output waveforms pass through the Input Buffer and are then connected to the Output 
,Amplifier. The Output Amplifier provides the necessary power to drive the Main Output. 
The Output ,Attenuator prov ides two 20db pads for output attenuation. 

RAMP GENERATOR 

The Ramp Generator produces the required ramp waveform for internally sweeping, bursting 
and pulsing the Main Generator. 

The Ramp Integrator uses an operational amplifier as an integrator to convert a constant input 
current to a linear ramp. A diode gate alternately connects the positive and negative timing 
re:..stors to produce the ramp waveform. 

The Level Detector produces the signal needed for switching the Diode Gate at the proper 
times to produce a ramp waveform at the Integrator Output. The Ramp Sync Output Buffer 
prevents loading of the Leve I Detector from the Ramp Sync Output. The Reset Buffer pre­
vents loading of the Level Detector while supplying a reset pulse for the Ramp Gate Trig 
Logic, used for reset and completion of last cycle. 

The Lockout Switch disables the Integrator during the Gate and Trigger Modes of operation. 
The Gate-Trig Logic enables and disables the Lockout Switch at the proper time during Off­
Run-Gate and Trigger Modes. The Trig Leve I comparator provides high speed D. C. coupl ing 
of external trigger signals to operate the Gate and Trigger Logic. 
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SECTION 4 CIRCUIT DESCRI P TION 

RAMP GENERATOR (continued) 

The Ramp .Amp litude provides attenuation of t he ramp waveform . The Ra mp Buffer provides 
t he necessary power and isolation for dr iving the Ramp output and the Main Power Amplifier. 
The Ramp Inverter provides an inverted ramp for push-pull operation, positive and negative 
ramp and Bi-pol ar Sweeping of the Main Generator. 

4.2.0 C IRCUIT DESCR IPTlON 

4.2.1 SUMMING AMPLIF l ER (figure 7.2.2) 

Q2 10 is a n operationa l amplifier connected for a voltage gain of -l. The Main Mul ti plier 
d ial ( S210) forms a Kelvin-Varley Vo ltage Divider providing approximate ly +SV to + . SV 
to the Summing Amplifier Input (TP211) . By varying the applied input voltage , the signal 
to the Consta nt Current Source Drivers can be varied, thus providing a method for changing 
the t im ing curre nt and thus the frequency. The Summing Amplifier inve rts the applied input 
vo ltage . When 5210 (Mult) is in the Search Mode, the vernier (R223) is connected between 
+12V a nd g round to supply a 1000:1 voltage ratio, thus a 1000:1 frequency deviation. Ma in 
Ti ming .Ad just (R2 10) establishes the correct input voltage to the Kelvin-Varl ey Divider to 
obta in t he correc t timing during calibration . 0211 and D210provide input protection for 
t he ~A/09 operat ional a mplifier. 

The VC F Input is connected to the Summing Amplifier at TP210, providing an externol source 
o f freque ncy controi. By applying voltage at the VCF input I the frequency may be varied as 
wi th the Mul t iplier Dial. The applied input voltage will odd to or subtract from that esta b ­
l ished by the Multiplier Dial setting . If the Multiplier Dial is set as position 1.0, app ro xi­
mately +5V is applied to the input of the 5umming Amplifier. If a positive voltage is now 
app lied to t he VCF Input Jack, the Summing .Amplifier will saturate . If -5V is applied at 
the VC F Inp ut Jac k, this will add to the +SV applied by the Multiplier Dial and the re sult ­
an t inpu t vo ltage wil l approach OV, dr iving the Summing Amplifier output to approximately 
1/1 000 of the fre q uency of the Range and Multiplier setti ng. If the Multiplier Dial were in 
the Search Mode of operation and set at approximately OV input at TP211 by the Seorch 
Vern ier (R223) , t he frequency would be approximately 1/1000 o f the Range setting. By ap­
pl y ing +SV at t he VCF Input Jack, the two voltages will sum, establishing approximate ly 
+SV at t he Summing Amplifier input . Thi s will cause the frequency to sweep up to approxi­
mate ly ',e frequency of the Range setting. 

TP2 12 is t he internai sweep input , connected to the Ramp Generator when in t he Sweep Mode 
of ope ra tion. The frequency may be swep· up or down, jepending upon the ramp po larity se ­
lected and the Mul tiplier Dial settings as previously explained. The Ramp Waveform is ad­
justob ie from +SV to OV by the Ramp Attenuator to prov ide the desired amount of sweep . The 
VCF Bal ance (R222 ) compensotes for the offset in the Summing Amp li fier , establ ishing a av 
reference a t the 5umming Amplifier input. The output of the Summing Ampli fi er is approxi ­
mately OV ta -SV and drives the Positive and Negative Current Source Drivers. 

,. 


... 

,.. 
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SECTION 4 CIRCUIT DESCRIPTION 

POSITIVE AND NEGATIVE CURRENT SOURCE DRIVERS 

The output of the Summing Amplifier (OV to -5V) is connected to Q200, the Positive Current 
Source Driver, through R205. Q255 and Q200 provide a constant current source in the feed­
back loop of the Positive Current Source Driver. Q200 wi II turn on Q255 unti I a feedback 
current equal to the input current through R205 is equalized. This current causes a voltage 
drop across R201 A which equals the voltage drop across R205 . 

..., 
The Search Sym .A dj (R204) compensates for offset in the operational amplifier, establishing 
a OV reference at Q200 input and balancing the two Current Source Drivers at 1090:1 to ob­
tain correct symmetry at 1000: l . 

0240 in conjunction with Q250 make up the Negative Current Source Driver. The output sig­
nal from ('210 Summing Amplifier is connected to Q240 operational amplifier at the Non­
inverting Input. Q240 i5 connected as a voltage follower . Q250 establ ishes a constant cur­
rent equal to the input voltage -:- R242. This constant current causes a voltage drop equal to 
the output voltage of the Summing Ampl ifier, across R201 B, exactly equal to and of opposite 
polarity of that across R201A. 

POSITIVE AND NEGATIVE CONSTANT CURRENT SOURCE 

Q260, Q27Ö, Q280 ond Q290 are the Positive and Negative Constant Current Sources sup­
plying the constant timing current to charge and discharge the timing capacitor. Q2600p­
erational amplifier ond Q270 FET are connected to form a constant current source . The sig­
nal ocross R201A is connected to Q260 operational amplifier at the non-inverting input. This 
causes o voltage of exactly the same polority ond amplitude across R262A timing resistor. 
Thi s causes a constant current E(R262A) -:- R(R262A) to charge the timing capacitor when the 
Diode Gate is turned on, connecting the Positive Current Source . The FET (Q270) prevents 
loading of the current sources at very low timing currents (1000: l). 

Q290 operotionol amplifier and Q280 FET provide the negative constant current needed to 
charge the timing capacitor in exactly the same way. The O.IHz symmetry (R282) compen­-
sates for offset current in the operationol amplifiers (Q260 ond Q290) to establish the correct 
symmetry on slow t im ing ranges with large timing resistors . This adjustment is made on the 1Hz 
range at the. 1 sett ing on the Multiplier Dial. 

The Oiode Gate is made up of 0280, 0282, 0283 ond 0284. The timing capacitors are con­
nected at TP281 through the Range Switch, which also switches the Timing resistors. 

Gate switching signal is connected at 0280 and 0282 junction. When the Gate signal is 
positive, 0282 is forward biased ond sinks the timing current from the Negative Current Source, -
thus disconnecting the Negative Current Source. 0280 is now reverse biased, allowing timing 
current to charge the timing capacitor through 0284 from the Positive Current Source. When 
the Gate signal switches negative, 0280 is forward biased, thus sinking the positive timing 
current through 0280 . 0282 is now reverse biosed, allowing timing current to charge the tim­
ing capacitor from t he Ntlgative Current Source through 0283. 0281 is connected to the Lock­- out Amplifier and sinks the timing current during the lockout modes. 
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SECTI ON 4 CIRCUIT DESCRIPTION 

.. 

4.2. 2 TRIA N GLE BUFFER (figure 7.2.3) 

Q 365A and B and Q370A and B serve as a unity gain, high input impedance buffer for the '" 
triang le generated at TP281. Q365A FET prevents loading of the current sources by its 

very high input impedance. Q365A is a source follower driving Q370A, an emitter follower. 

Q370B prov ides offset and temperature compensation for Q370A whi le Q365B provides off­

set and temperature cornoe.,sation for Q365A. 


Level Oetector-Bistoble Switch, Q385, Q390 and Q4oo, is a differential amplifier used a;. .. 

al evei detector. Q390 is a constant current source for differential amplifier Q385 ond Q4oo . 

The f e feren c e level at the bese of Q400 is determi ned by one of the current sources conne cted 

by ·"f ciode- gate, 0395-0398. C385 ond D386 limit the collector swing of the differential 

omplifier to improve high ;requency response . The Level Oetector collectors drive a non­

soturatin~ c,_,rrent mode switch. The Bi-stable Switch is differential input and differentiol out­
 .. 
put . One output, Q395, drives the reference gote for the Leve I Oetector , the Reset Buffer, 
t he Sync Output Buffer ond the Current Source Gate. R397 and R401 odjust the positive ond 
negotive trip points of ~t,e Level Oetector, establishing the positive ond negative peoks o f 
the t ri a ngle . The other output, Q415 , provides the squore wove signol for the Output Ampli ­
fi er . 0399 is a Zener diode which decreases the collector supplies from -12V to approximately 
- lY for 0295, Q415 and Q425 to limit power dissipation. 

SO UA \c "tjFFER 

.. 
The Square 3uffer, 0420 and 0425, prevent looding of the Bi-stable Switch and drive the 
di ode gate , 0426-0.:i29 . R423 and R429 allow adjustment of the positive and negative peaks 
of the squore wave. 

SYNC OUTPUT BUFFER 

,. 
0360 is an emitter fo::ower which prevents looding of the S:-stable Switch while prov iding 
a sync pulse to t he Sync ~utput Jack. The sync pulse is clipped by diades 0360 tnro'Jgh 0363 . 

RESET BU FF ER 

0 345 provides o logic pulse of proper polarity to drive the Trigger Gcte Logic Vii thout load­
ing the Bi-stoble Switch. 

LOC KOUT AMPLIFlER 

The Lockout Amplifier is o differential omplifier which compares tl,e +ri'Jng1e wavefor~ +0 a 
fixed refe rence established by the Stort Level Adjustment (R313). 0310 ond Q305 form the 
inp ut stoge which drives 0315 and Q320, the output stage. 0310:5 o Zener diode u5ed as o 
collector cl omp for 0310 to keep it out of saturation. Q320 collector is connected to 0281 , 
t he lockout di ode connected to the Current Source Gate ot TP281 (the input of the triangle 
buffer). 

032 1 enables ond disables the output stage . Ouring Run, 0321 is forward biased, keeping 
Q320 turned off. With Q320 off, 0281, the lockout diode , is reverse biased ord the genera ­
tor free runs. Ouring lockout , 0321 is reverse biased , enabling tl,e Lockout Amplifier. As 
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SECTION 4 CIRCUIT DESCRIPTION 


LOCKOUT AMPLlFI ER (continued) 

-


..... 

the triangle c harges toward its negative peak, Q310 becomes reverse biased until Q310 
turns off sufficient ly to cause Q320 to turn on. When Q320 turns on sufficiently, it will 
forward bias D281 , sinking the timing current from the Negative Current Source. The 
level at the po int o f lockout is determined by the input divider to the Lockout Amplifier, 
R312, R313 and R3104. D323 and D322 provide collector clamping for Q320 to prevent 
saturat ion. 

MAIN GENERATOR LOCKOUT LOGIC GATE 

Q325A is a Q uadrup le 2 Input Posit ive Nor Gate, which provides the necessary logic func­
t ion to operate t he Lockout Amplifier. In the Run Mode of operation, the Trigger Level 
Compa rator suppli e s a logical 111 11 at one input of Q325A (pin 2). As long as this logical 
11 111 is present, the output ofQ325A (pin l) will remain a 110 11 . A "O" at pin l will forward 
bias D321, disabling the Loc kout Amplifier, causing Q320 to remain "OffII, or in arun 
condition, as previously explained. In the Gate Mode of operation, the Trigger Level 
Comparator suppl ies a 110 11 to the logic input (Q325A pin 2). The output wi II remain a 110 11 , 
keeping D321 forwa rd b iased in the Run Mode until a '0 11 is applied at the other input 
(pin 6). 

The pulse from the Reset Buffer is co inc ide nt with the square wa ve from the Level Detector. 
When the square is in the proper p hase re la ti onship, a negative pulse or 110 11, from the Reset 
Buffer is connected to the other log ic input (pin 6), w hich will cause the output of Q325A 
pin l to go to a 10gical ll l l1 , thus reve rse biasi ng lockout diode 0321. D321 wi l l remain 
reverse biased in a lockout co ndition unt i I o ne of the logic inputs goes to a logical II 1" leve I 
or posi ti ve. The Reset Buffer during lockout will remain a 110 11 as long as the generator is 
locked out. 

TRIG LEVEL COMPARATOR 

Q350 is a high speed differential comparator providing D. C. coupled Triggeri ng, Gating 
and Bursting Modes for the Main Generator Logic Gate. 

Run Mode: 

In t he Run Mode, -12V is applied to the inverting input of Q350 through Q360A. This 
assures that the non-i nve rting input always remains more positive than the inverting input. 
Th is causes 0 350 output to remain positive or in the Run Mode of operation. 80th inputs 
of t he comparator are protected by c lipping diodes D350 through D353. The -12V from 
S360 is connected to - 12V through S500A , the Main Generator Function Switch. The Main 
Generator Function Switch suppl ies -12V in all positions except Ramp. In the Ramp posi­
tion the -12V is disconnected, thus removing the negative bias at Q350 pin 3, allowing it 
to return to a positive bias, caus.ng the comparator output to go to its negative state (lock­
out condition) . The Main Generator is locked out when the Function Switch is i n Ramp 
position to prevent Main Generator noise from riding on low level ramp waveforms~ 
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SE C T I ON 4 CIRCUIT DESCRIPTION 

... 


TRIG lEVEl COMPARATOR (continued) 

Gate Mode: 

In the Gate mode, the -12V from S360A is disconnected, causing Q350 inverting input 
(pin 3) to go to a more positive state than the non-inverting input. This switches the out­
put of the comparator to its negative or "O" state. The "O" from the comparator places 
t he logic Gate in a lockout condition. The generator wi II rernain in o lockout condition 
unti I signal is received at the comporotor input (pin 2) . . 

In t he Gate Mode , the comporator i nput is connected through 5360B to the Trigger level 
Potentiometer connected to the Externol Trigger Input . At the maximum sensitivity setting 
of the Trigger level Potentiometer , ony signal >500mv will cause the Trigger level 
Comparator to turn on, plocing the Logic Gate in a "run" condition. When the input sig­
nal is removed or falls below 500mv, the comparator will ollow the Logic Gate to return 
to ih lockout condition. 

Trigger Mode: 

The only difference between the Gate and Trigger modes of operation is thot the output of 
the comporotor is A.C. coupled to the logic Gate instead of D.C. coupied. When the trig­

-ger signal couses the comparator to turn on, the positive output of the comparator A. C. 
couples o differentioted positive pulse into the logic Gate, placing it in arun condition. 
The duration of this pulse is very short, ollowing the logic Gate input to return to o "O" or 
o lockout condition even though the comparotor may still be "on" in ih positive state. The 
Reset Buffer wi II couple a "0" i nto the Logic Gate upon completion of the first cycle and 
cause the generator to lock out . The externql trigger signal must be removed, ollowing the 
c0"l>arotor to reset before another pul5e con be coupled into the Logic Gate. One complete 
cycle witl be generated each time o signal >500mv is applied at the Trigger Input. 

Pulse Mode: 

In the Pulse Mode , the Positive Ramp from the Ramp Generator is connected to the 
comparotor input through 5360B. The Pulse Mode operates exactly as in the Trigger 
Mode . Each time the Ramp waveform rises about 500mv , one complete cycle of the 
Moin Generator wi II be completed . By adjusting the Ramp Time, the pulse repetition 
rote con be varied over an extremely wide range. If the Ramp Ampl itude is adjusted 
below 500mv, the Moin Generator will remain in o lockout condition. 

Burst Mode: 

The Burst Mode functions exactly os in the Gate Mode. The positive Ramp is connected 
to the comparator input in the Burst Mode. Wheri the leve I of the ramp rises about 
500mv. the comparator will turn on, holding the Logic Gate in arun condition as 
long os the ramp remains >500mv . The Ramp Amplitude controls the number of 
cycles in the Burst and the Ramp Time controls the Burst off time. 

Note: If the Ramp Amplitude is adjusted below 500mv, the Main Generator will re­
main in a lockout condition. 

.... 

... 


.... 

,... 

.... 

... 


-

.... 

-
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SECTI ON 4 CIRCUIT DESCRIPTION-
TRIG l EV El C OMPARATOR (conti nued) 

Sweep Mode: 

In t he Sweep Mode, the generator is p la ced in aru n condition by the -12V at S360A. All 
tr igger signa l paths are d isconnected . The Posit ive a nd Negative ramp is connected to the 
Summing Amp li fier i nput (TP2 12) t hrough S360 B. Th is allows the Main Generator to be swept 
up or down in frequency depending upo n the Ramp Po larity se lected . By adjusting the Ramp 
Ampl itude a nd Ra mp Timi ng , t he sweep w idt h and sweep rate may be adjusted to obtain the 
desired result. 

MANUAL GATE/TRIGGER SW ITCH 

-

The Ma n Pushbutton switch lo cated on the fro nt pane I is used in conjunction with the Man 
Gate/Trig Switch to p rov ide a bounce - fre e switc h for manually gating and triggering the 
Mai n G e nerator and Ra mp G enerator . Q820A and B are one-half of a Quadruple 2 Input 
Positi ve Nand Gate . N orma lly, 5820 , t he Man ual Pushbutton, keeps one input of the 
Nand Gate , Q 820 p in l, at "O" and pi ns 3 and 4 a t "l " . Pi n 5 is connected to +5V or 
a " 1" thro ugh R826 . W it h bot h inp uts o f Q820 B Pos iti ve Nand Gate at " 1", t he output 
(p in 6 ) w i ll rema in a t "O". The o utput o f t his Posit ive N and Gate is connected through 
D820 to t he trigger level input (T P823) wh ich is connected to the Trigger level C o mparators 
o f each generato r through each generator's Mode Sw it ch. W he n S820 , t he Man Pushbutton, 
is depressed , pin 5 of Q820 B Positive Nand Gate wi ll be set to "O". This wi ll cause the 
outp ut (p in 6) to go to a "l" or posi t ive sta te . Th is "1" is coup led through D820 to the Trig 
level Inp ut. Thi s "1 " wi II re ma in unt i I 5820 is re leased , a llowing the output o f Q820B to 
return to a "O" . 

- 4. 2 .3 SI NE CONVE RTER (figure 7 . 2.4) 

The Sine Co nverter converts the tri a ng le to a si ne by me ans of a bipolar diode shaping net­
work. The tria ng le is connected at TP6 22. R622 and R621 form a voltage divider to cor­
re ctly mat ch the tr iang le amp litude to t he conv erter ne twork. As t he triangle rises positive, 
e ach d iode ga te wi l l tur n on in su ccessi o n, caus ing the output o f the network to form o sine 
wave a t the jun c t ion o f the th ree vo ltoge dividers. The d iode gates will turn on ond off in 
sequence fo llowing the tri angl e. 

SINE AMP LIF lER 

Th is si ne wave is amp li fied by diffe ren t ia l amplifier 0600.A ond B. Q605 is o constant 
c ur ren t source for t he input differe nt ia l stage . Si ne D .C. Adj (R5 89) compe nsates for off­
set in t he inp ut pair , establ ishing a OV reference at the Sine Ou tput. t> second di fferentia l 
stage is driven By 0600A a nd B. The ou tput a cross R575 is connected to the Output Buffer 
(0 560 and (565 ) throug h on emitter foll owe r (0 570). The output (TP56 0) is connected 
through feed back resistors R590 ond Sine Amp lif ie r adjustment R591 to the inverting input. 
The sine wave is connected to S500E , t he Fun ct io n Swi tc h . 

INP UT BUF FE R 

The Inp ut Buffe r , 05 10 ond 0 500 , prevents loading o f the 
the low input impedance o f t he Power Amp lif ier . 

Amplitude controi (R5 06) from 
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SE C TION 4 CIRCUIT OESCRIPTION 

PCM'ER AMPLIFlER 

S500 B and C connect the various waveforms to either the inverting or non-inverting input 
selected by the Function Switch . 0515A and B are the input differential amplifier . 0530 
is a constant current source for Q515A and B. The offset odjustment (R527) compensates 
for offset of the input pair and the Input Buffer. The D.C. Offset Switch on the front panel 
supplies offset current to the inverting input for adjusting the D .C. reference at the output. 
Q535 and Q540 are a second differential stage driv en by 0515A ond B. The signal at 
Q540 is connected to the output through t he output buffer, 0545 ond 0550 . R552 is se­
lected to adjust the quiescent current in the output buffer to approximately lOma. Gain 
is fixed by feedback re sistars R525, R523 and R514. 

OUTPUT ATTENUATOR 

The Output Attenuotor provides three fixed levels of attenuåtion (Odb, 20db ond 4Odb) at 
500 output impedance . 

4 .2.4 RAMP INTEGRATOR (figure 7.2.5) 

The Ramp Integrator generates a linear ramp waveform over the range of 100sec to l~sec. 
The Integrator is an operational amplifier used os an integrator . 0700 is o matched pair 
of fET's providing the very high input impedance and very low offset currents needed for 
very low timing clJrrents. The input differential pair d rives o second differential stage , 
0720 and 0725. A high frequency feed forward fET source follower (0735) used to 
improve the high frequen cy characteristics of the integrator . 0730 and Q740 form a differ­
ential stage used as a mixer to mix the low frequency signal and the feed forward signal . 
This combined signal is connected to the output through the output buffer (('750 and 0755). 
0745 is a complementary driver for the output buffer to improve slewing rate. The inte­
grating or timing capacitors are connected across the Integrator by S700, the Ramp Time 
Switch. The ramp time can be changed by selecting the desired timing capacitor with the 
Ramp Time Switch . 

The Diode Gate at the Integrator input connects either the positive or negative timing cur­
rent to the summing junction of the integrator . The positive timing current supply is made 
up of timing resistors R705, R706 and R707 which are connected to the +12V supply through 
the variable potentiometer, R702. Negative timing current is supplied through R717. The 
ratio of fall time to ramp time is directly proportional to the timing current seleeted and 
the negative timing current supplied by R717 . 

LEVEL DETECTOR 

The Level Detector provides the signal to switch the Diode Gate at the proper times to 
produce a ramp waveform . The voltage across R762 and R761 is connected to the differ­
ential comparator , Q760 and 0765, and is c.ompared against the reference established 
at Q765 base . Q770 is a constant current source for the differential comparator . D765 
and D766 form a diode gate which connects one of the two references to 0765 base. 
D760 and D761 limit the collector swing of the d i fferential input stoge, greatly increas­
ing their slewing ra te by keeping them out of saturation . 0776 and 0780 form a second 
differential stage used a s a high-speed switch. 0780 collector signal is clamped by 
D781 through D785 . This signal drives the Oiode Gate bt the Integrator inp ut r;.>:J t he 
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l 

...., 

lEVEl DETECTOR (co ntinued) 

Reset Buffer for the logic Gate. As the integrator output integrates negative, the reference 
voltage across R762 rises negative. When the input reference reaches the reference at 0765 
base, the level De te ctor will switch the Diode Gate again, etc. R767, Ramp D.C., sup­
p lies offset current to the reference at 0765 base, allowing adjustment of the ramp wave­
form D.C. le ve\. D775 throug h D778 prov ide collector clamping at the proper levels for 
switching the re fere nce ga te at Q76 5 base and to prevent collector saturation. Signal from 
0 775 co llec tor provide s a sy nc pu lse t hroug h Q790 Ramp Sync Buffer. 

RAMP LOC KOU T SW ITCH 

Q800 and 0 8 10 is a d ifferent ia l a mp lifier used as a bipolar switch to connect ond disconnect 
va rious diode gate s to disable the integrator. In the Run Mode, OSlO bme is biased more 
pos it ive tha n QSOO by v'oltage divider RS l l and RS12 from Logic Gate QS20. OSlO colIec­
tor is cl amped at - 1 . 2V by DS12 a nd DS1 3 when off. This signal provides forward bios for 
gating diodes D7l2 and D7 l3 . This prevents lockout c urrent o r reverse biases lockout diodes 
D7 l0 and D7 l l wh ich a re retur ned to +12V through R7l 8 . O SOO collector is clamped at 
+1.2V thro ugh R7 1S . OSOO co ll ector is clamped a t +1.2V by DS04 and DS05. This p rovides 
forward bi a s for DS02 a nd DS03 w hic h keeps lockout diod es DSOO and DSO 1 forward biased . 
Loc kout diode s D735 and D736 wi II rema in reverse biased .also as they are connected to 
DSOO and DS01. Thi s prevent s lockout cu~ren t throug h lo ckou t d iodes D735, D736, D800 
a nd DSOl . DS02 and DS03 w ill sin k the cu rrent from the negative supply through R73S and 
R737 Lockout D. C . Ad just. OSOO co l lector al so reve rse biases gating diodes D700 and D70l . 

When t he Logic G ate Q S20 swi tches to a "O" or g rou nd , Q S1 0 will tum on, clamping OSlO 
collector to +1. 2V by D8l0 a nd D81l. D7l2 and D7 l 3 become reverse biased, providing 
lockou t cu rre nt through R71S a nd lockout diodes D7 10 a nd D711 to the Intes;~tor summing 
junctio n (TP700). 

Q SOO co ll ector will be clamped at -1.2V by D806 and D807 , D803 and D802 will become 
reverse b iased , prov id ing lockout current t hrough R73S and R737 and lockout diodes D735, 
D736, D800 and DS01. The negative lockout current must supply an equal amount of cur­
rent a s that from t he positive lockout current source (R7l8) plus an equa I amount through 
DSoo a nd 0801. R737 (Lockout D.C.) compensal'es for integrator offset current and varia­
t ion in forward voltage drops o f the lockout diodes to establish OV at the integrator output 
whe n in Lockout. 0 800 collector forward b iases D700 and D70l gating diodes, disabling 
t he positive timi ng cu rren t so urce. · The generator will continue integrating until the Level 
De te ctor switche s a nd disconne cts the nega ti ve current source. 

RAMP TRIG/GAT E LO GIC 

0 820C and OS20D a re o ne ha lf of the Ouadruple 2 Input Positivt; Nond Gate, providing 
t he nece ssary log ic to operate t he Ramp Loc kout Switch. In the Run Mode, Trigger Level 
Comparator 0830 holds one input of the Logic Gate (pin 9) at "O". As long as one input 
is 0 , the o utput (pi n 8) w ill re ma in "1", in arun condition The Ramp Reset Buffer (0840) 
will provide rese t pul ses as long as the ramp is running . These reset fJul ,es will do nothing 
a s long as p in 9 re mains a "O" . In lockout, the Trigger Level Comparator provides a "1" 
a t p in 9 o f the Lo gi c G ate. The first reset pulse through 0840 Reset Buffer of proper 

1')0 
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..SEC Tl ON 4 CIRCUIT DESCRIPTION 

RAMP TRIG/GATE LOGIC (continued) 

po larity wi II provide a 111" at pin 13 of Q820D logic gate . Pin 12 of Q820D is at a logic 
"1" from 0820C (pin 8). 08200 output wi II switch to a logic" 1 II when a 110" reset pulse 
is received from the Level Detector via the Reset Buffer. This "0" a t Q820D (pin 13) wi II 
cause the output (pins 10 and 11) to go to a logic "1 11 . With a logic 111" at both inputs of 
Q820C, Q820C output will switch to a logic "0 " and remain there until the Trigger Levet 
Comparator supplies a "0 11 to the Log ic Gatei:1put. 

TRIGGER LEVEL COMPARATOR 

Q830 is a high-speed differential comparator providing D .C . coupled triggering and gat­
i ng for the Ramp Generator. 

Off Mode: 

In the Off I>Aode , Q830 reference is biased positi ve by R835 through S830. This positive 
bios is sufficient to maintain the non-inverting input at a more posi t ive level than the 
inverting input . With the inverting input more negative than the positive input, the out­
put of the comparator will remain positive . This positive output is O.C . coupled to the 
Logic Gate input, maintaining a logic "1". This logic 111 11 will keep the Ramp Generator 
in a lockout condition as long as the Mode Switch remains in the Off position. 

Run Mode: 

I n the Run mode , the comparator reference i s connected to -12V through R836 . T h i s ma i n­
tains the input at a more positive level and causes the output to switch to ground . This 
maintains a "0 11 at the Logic Gate input (run condition). 

Gate Mode: 

In the Gate mode, the comparator reference is established by voltage dividerR830 ane R832 
at approximately +10mv. This is enough to place the comparator in o lockout condition. 
When an external signal> SOOmv is connected to the Trigger Input, The Tr igger Level Com­
parator will switch to arun condition and remain there until the externa I signal drops below 
SOOmv. The Trigger Level Potentiometer (R82S) allows adjustment of the trigger sensitivity . 
If the Mon Pushbutton Switch is depressed, a positive signal at TP823 will cause the Trigger 
Level Comparator to switch to arun condition and remain there until the pushbutton is re­
leased . 

Trigger Mode: 

The Trigger l00de operates exactly as in the Gate Mode except that the comparator signal 
is A.C. coupled into the Logic Gate allowing completion of one cycle for each trigger 
pulse received from the externa I Trigger Input. The Manual Pushbutton Switch will produce 
the required signal each time it is depressed. 
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-

4.2 . 5 

RAMP HOLD MODE 

In the Ramp Hold Mode , the negative reset current to the switching bridge is shunted 
to ground and thus the generator Is prevented from resetting unti I the switch is moved 
to e ither the ramp or the reset position . In the ramp position, the shunt is removed 
and the generator is permitted to operate in its normal manner • When the switch is moved 
to the reset posi tion , a negat ive pulse is presented to the base of Q765, thus resetting 
the level de tector regardless of the integrator input voltage. 

RAMP AMPLITUDE 

A Kelvin-Varley divider prov ides precise attenuation of the ramp waveform. 

RAMP OUTPUT BUFFER 

The Ramp Output Buffer (Q845 and Q850) provides the necessary power to drive the 
Ramp Output and associated cireuitry . 

RAMP INVERTER 

QMO is an operat ionol amplifier used as a XI inverter prov idi ng the posi tive ramp. 
RB63 (+Ramp O. C.) is an offset ad justme nt to balance out the offset i n the inverter • 

POWER SU PPLY (figure 7. 2. 1) 

Li ne voltage is connected to transformer Tl OO through SIOI, a line vo l toge switch. 
This switch selects either the 117V or the 230V top on the transformer. Full wave 
rectification is accomplished by 0100 from the center tapped secondary. CIOI and 
C I02 prov ide ±20V flitering. 

+1 2V SUPPLY 

Q 100 is a precis ion vo ltage regu lator . The output is connected to series pass driver 
QIIO which supplies the necessary eurrent for the +12V supply. The reference divider, 
RIII , RII2 and R1I 3, is connected aeross the +12V suppl y . RII2 adjusts the reference to 
the vo ltage regul a tor, establishing +12V at the output . QIOO is short circuit protected 
interna ll y . Q IOO , pi n 10, senses the output current through RIIO and will turn off the 
+12V supply in the event of a short c ireu it of >500ma. 

- 12V SUPPLY 

QI35 is an operat iona l amplifier . The +12V is connected through RII4 and -12V adjust 
RII5 to the inverting input (pin 2) . The output of QI35 is offset by Zener diode 0135 
to keep the operational amp lifi e r output level within safe limits. QI35 is an emitter 
followe r wh ich drives the series pass transistor (Q 125) . Feedback resistor RI20 estab-
I ishes the proper amount of negative feedback. Q I20 senses the output current 
through RI2 1 prov idi ng short c ircu it limiti ng at a bout 500ma. 
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..SECTIO N .. CIRCUIT DESCRIPTION 

+5V SUPPLY 
 .. 

The +5V supply is simply an emitter follower. RI41 and RI40 prov ide approximately +5V 
at QI50 base, establishing +5V at the emitter • 

-6V SUPPLY 

The -6V supply is also an emitter follower . RI61 and RI60 provide approximately -6V 
,. 

at QI70 base, establishing -6V at QI70 emitter . 

4 .2.6 LOG AMPLI FlER 

The Log Amplifier is used to obtain an exponential signal proportional to the VCF input 
voltage for use when sweeping over a 60db range (1000:1). 

,. 

The output of the summing amplifier normal ly drives the positive and negative current ... 
source drivers to obtain frequency controi of the generator. 

In the linear mode of operation (normal), the frequency of the generator changes 
linearly with a linear change in input voltage at the VCF input. The Log Amplifier 
converts this linear drive signal to an exponential signal. The principal of operation 
of the Log Amplifier is that the collector current of a transistor is logarithmetically 
related to the base emitter voltage by le = Aexp (mVb) . The output of the summing 
amplifier is eonnected to the Log Amp input in the log mode. Q975 (Log Amp) has 
four separate 30db inputs for use over 120db range. Each stage is capable of approxi­
mately 3Odb. To obtain linearity over a 60db range, three of the four inputs are 
utilized and the fourth is grounded. .. 
Al input will provide approximately 30db of useful range . To obtain an exponential 
eurve over a 60db range, BI input is inereased 30db by AmPI . Q970 and A2 input is 
attenuated 30db by the 15K resistor R975 and the 5000 input . Al A2 BI B2 inputs will 
saturate at approximately 3V. AmPI and differential amp Q960 must be supply 

limited to keep the Log Amp input from saturating and beeoming reverse biased internally. 

The three input stages wi II add, providing an exponential eurve from approximately 2mv ... 
to >2 . 5V . Q960 is a differential amplifier in the feedback loop of the Log Amp. This 
produees an inverted log function or an exponential eurve. 

R962 establishes the ORIGIN or zero input output voltage. R960 , 965,964 and 977 set 
the closed loop gain at approximately 1/10. 

Q9RO is an operational amp used to invert the signal and provide the neeessary eurrent 
for the eurrent souree drivers . The log timing pot R967 adjusts the gain of the inverter, 
thus the frequeney. 

V:f output Q985 is also an operational amplifier used to invert the negative signal to 
provide a low impedanee voltage whieh is proportional to output frequency. This output ,... 
can be used to drive an XY reeorder or frequeney meter . 

The ±6V supply is provided by two zener diodes and the ± 4V suppl ies are provided by ­
two emitter followers Q950 and Q955 . 
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SECTION 5 CALlBRATION..... 

5 1.0 EOUIPMENT REQUIRED 

The following test equipment or suitable equivalents of known accuracy are required for 
complete calibration. 

-
Osci Iloscope - D. C. to 50MHz. Differential plug-in with lOmv resolution. 
Distortion Analyzer 
Var ia ble Transformer 

-
Variable Regulated Power Supply - 1mv resolution 
Frequency Counter/Time Interval Counter 
Differe ntia l Vo ltmeter - 0.01% accuracy 

5 .2.0 INITIAL CONTROL SETTINGS 

1""\ 
I 

POWER SWITCH ON 
RANGE lK 
MULTIPLlER 1.0 
MAIN MODE RUN 

FUNCTlON "v 

AMPLITUDE MAX
-
ATTENUATOR Odb 
D. C . OFFSET OFF 

RAMP MODE RUN 

RAMP AMPLITUDE .9X 

RA MP POLARITY NEG 

RAMP TIME lmSEC 


5.3. 0 CALlBRATlON PROCEDURE 

5.3 . 1 Main Generator 

- +12V Adjust - Connect voltmeter from +12V to ground. Adjust +12V Adj for +12V ±Smv. 

-12V Adj ust - Connect voltmeter from -12V to ground . .Adjust -12V for -12V ± Smv . 

VCF Balance Adjust - Connect frequency counter to sync out jack. Adjust VCF balcnce 
unti I there is no frequency shift on frequency counter when VCF input is grounded. 

±Triangle Peak Adjust - Using differential plug-in, odjust +Tri Peak ond -Tri Peok to ob­
tain ± 1 .25V peok ± 10mv at TP383. 

Main Timing Adjust - Adjust Main Timing to obtoin 1 KHz ± .5% at Sync output jack as 
observed on frequency counter. 

"""I 

1000: lAdjust - Set Range to lOOK, Multiplier to SO. Monitor moin output with oscil ­
loscope ond adjust 1000: lodjust to obtoin 100Hz triongle os indicoted on frequency counter . 

Search Symmetry .Ad just - Set Ronge to lOOK, Multiplier to S O. Monitor Main output 
with osci Iloscope ond odjust Search Symmetry to obtoin symmetricoi woveform. Check for 
proper adjustment using time intervol counter connected at the Sync Output jack. 

i28 



SECT ION 5 CALlBRATION 

O. 1 H z Symmet7. Adj ust - Set Range to 1, Mu I tip I i er to . 10 . Connect ti me i nterva I 
counter to the ync Output jack and adjust O.lHz Sym for correct symmetry ± .5%. 

Repea t 1000:' Adjust, Search Symmetry and O. 1 Hz Symmetry adjustments. 

l MHz Timing Adlust - Set Range to 1M, Multiplier to 1.0. Connect frequency counter to ,... 
Syn c Output jac . Adjust lMHz trimmer to pbtain lMHz ± 1% as indicated on frequency 
counter. 

3MHz Timing .bdjust - Set Range to 3M, Multiplier to 1 . 0 . Connect frequency counte r to 
,.. 

the Syn c Output jack . Adjust 3MHz trimmer mounted on Range switch to obtain JMHz ± 1% 
on frequency counter . 

±Square Amplitude Adjust - Set Range to 1K, Function ta Square. Using differential plug­
in adjust +Square tlmp and - Square Amp to obtain ± 1.25V peak ± 10mv square wave at TP428 . 

,.... 
Offset Adjust - Set Range to 1K, Multiplier to 1 . 0 and Amplitude to minimum (full CON). 
Monitor Main output with oscilloscope and adjust offset to obtain minimum offset while 
switching between the Normal triangle ond Inverted triangle with Function switch. 

H . F . Comp Adjust - Set Range to 1M, Multiplier to 1.0, Function to Square, Amplitude to 
Max . Terminate the Main output into 500 and monitor with osci 1I0scope. Adjust H. F. Comp 
to obtain optimum square wave with minimum overshoot. 

Si ne /1, B, C, D Adjust - Set Range to lOK, Multiplier to 1.0 and Function to Sine. Con­
nect distortion analyzer to Main Output jack. Adjust Sine A, B, C and D to obtain minimum ­
sine distortion , typically less than 0.25%. 

Sine Amplitude - Sine D.C. Ad\ust - Connect differential plug-in to TP560. Adjust Sine -
Amp and Sine D.C. to obtain ± .25V peak ±lOmv. 

Repeat previous two steps due to interaction. 

5. 3 .2 Ramp Generator 

Inte rnai Salance Adjust - Set Ramp Mode to Gate . Connect di fferent i a I voltmeter to 
TP700 and adjust Int Bol to obtain OV ±2mv at TP700. • 

....Lockout D C . Adjust - Set Ramp Mode to Gate , Ramp Polarity to Negative. Connect 
di ffer e ntial voltmeter to TP845 and adjust L.O D.C. to obtain OV ±2mv. 

+Ramp D. C. Adjust - Set Ramp Polarity to Posi tive. Adj ust +Ramp D. C. to obtain OV ± 10mv ,.... 
at TP845. 

- Ramp D. C. Adjust - Set Ramp Mode to Run, Ramp T ime to lmsec . Adjust -Ramp D. C. 
unt il positive peak of ramp is OV ± 10mv at TP751 . 

Ramp Timing Adjust - Set Ramp Mode to Run, Ramp Time to lmsec, variable to Cal. Con­
nect time interval counter to ramp sync jack on rear panel. Measure time interval - to + . 
Ad just Ramp timing to obtain lmsec ± 1% . 

l 0l-lsec Adjust - Set Ramp time to l~sec. Adjust l0l-lsec trimmer ta obtain 10IJsec ±2% as 

ind icated on time interval counter . 
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SECTION 5 	 CALlB RATION 

5.3.3 	LOG AMPLIFlER 


Set: RANGE IK 

MULT 1.0 

MAIN MODE Run 

LIN/LOG SW LIN 

AMP I BAL 

Ground TP960 a t Ground turret on log PC board using short lead, and ad just 
Amp I BA L to obta in OV at TP970 . Remove jumper. 


ORIGIN 


Set Mult to S.X. Switch to log mode and ad just ORIGIN to obtain 2.90V at TP960. 


AMP 2 BAL 


Ground TP960 and adjust Amp 2 BAL for OV at output terminal. Remove jumper. 


LOG MODE TIMING 


Adjust log mode timing to obtain same frequency as in linear mode. 


AMP 3 BA L 
-
Set Mult to S.O (100Hz), Lin/Log Sw to LOG. AdjustAmp? BAL to obtain 5mv at 
V:f ou tput terminal. 

LOG 
AMP 3 BAL TIMING AMP 2 BAL TPQ70 

OUTPUT ~-~---\------f----t------, 

..... 

<7ND 

-	 ORIGIN TPqbO AM P 1 BAL 

-
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... 

Monitor frequency on counter with OV ± Imv connected to VCF Input and adjust 
search vernier to obtain 20Hz ± .5Hz on counter. 

... 
2 . 	 Apply pOSe voltage at VCF Input until frequency increases to 20KHz ± 500Hz, and 

record input voltage • 

... 
3 . 	 Multiply input voltage by 1/3 and 2/3. 

4. Apply 2/3 E in max at VCF Input and observe 2KHz ± 200Hz. 

5 . Apply 1/3 E in max at VCF Input and observe 200Hz ± 20Hz. 

6 . 	 Adjust Amp 2 Bal to correct linearity if required at approximately 10%/mv . 
(Pos. increases frequency, Neg. decreases frequency) 

,.. 
EXAMPLE: 

,.. 

11/11\ I I I III4V 	
Readjust Amp 2 Bal ~ 

./ "' .... 4.000V = 20KHzi'\. .4' ­ --t- ­'\. a 
'\. ~3V ,... 

(2/3 E. ) 2. 665 V Readjust Amp 2 Bal 
~ 

.........~...-:::::In 	
\ '" 2200Hz @ 2.665V 
_\ .....:: 	 ­2V 	 \ _.- - lO% High 

l. ..-:: 

(1/3 Ein ) l . 332V .J!: 

lV ~ 
~ 

210Hz @ l.332V ... ,....:: 
5% High

i :uOV 
I II ... 

20Hz 20KHz 

SECTION 5 

CHECK LOG LlNEARITY 

I. 	 Range 
Mult 
Main Mode 
Lin/Log SW 
Search Vernier 

CALlBRATlON ,.. 

... 


20K 
1.0 
Run 
Log 
Max CCW 

OUTPUT FREQUENCY 


,.. 
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SECTION 5 	 CALlBRATlON 

Step I: Range 20K 
Mu lt 1.0- Main Mode Run 
li n/ Log SW Log 
Search Vern ie r Max CCW 

Monitor frequency on cou nter with OV ± IMv connected to VCF Input and 
a d just search verni er to obta in 20Hz ± .5Hz on counter 

Step 2: VCF Inpu t Vol tage 	 O utpu t Fre quency 

Le t Ein =: + 4 .000V 	 20 KHz -
Step 3: 4. 000V X 2/3 = 2 . 665 Volts- 4.000V X 1/3 = 1.332 Volts 

- Step 4: E in = 2 .665 Vo lts = 2200H z (should be 2KHz) 

Step 5: E in = 1.332 Vo lts = 210Hz (shou ld be 200Hz) 

Step 6: 	 In th e above example , both frequency read ings are hi gh indicating a slight 
bow in the curve . When both read ings are high , as in the above example 
or both low; the "bow" may be decreosed by od justing Amp 2 BAL os 
indi coted in #6 of the Log Linea ri ty check . 

- In this cose , the frequency was 10% high at 2KHz and 5% high at 200Hz. 
By read jus t ing Amp 2 BA L lmv more nega tive thon i ts origi nal setting, it 
wi ll decreose the frequency from 2200H z (10% high) to a pprox imotely 

- 2000Hz, ond from 210H z (5'7'0 high) to opproximo tel y 190Hz (-5%) os 
ind ica ted on the groph. 

By corefull y a d justi ng Amp 2 BA L, the curve may be a djusted to its optimum 
linearity (when th e error a t 2KHz is equol a nd opposite to the error at 200Hz). 

-

-
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0161 ~[SISlO., 141a c~~ 1,4. IX ~ET'l rll~ 3131471 '11 , 05~6 "[SISTO. , 20~ O•• 1/4. 5~ C,R90' JP~241 1121 
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02el ~(SISTOA, HZ6 0"'104 ... "T(.w[O PAI~ 3128a6l 1~597 '512 <rSISTOR , 56~~ "_, 1/4. 5~ C.RBO' J~ 7t562 1121 

°2' .. 

°2n A[SJSTOlt. lcH~ O~'" 1/ 4 • 1" "(TAL r !L'" J1Jun 111' R(SISTOR, l~l c. w 1 / 4" 5' eA~BO~ 3~1~151 1121 
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Q23~ "[SISTOR, 332 O•• 1/ 0 • 1~ .[T', rlL· Jp3l21 711' <505 O[SI;TO~, 6a O~"': . 5\ :Aq80~ JlJZ&80 11tl 

." J 
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SECTlON 6 PARTS LI S T 

-

f' .ART DESCRIPTIO, EX4CT NO Mr G ~' A R T OE S CRIPTIO~ ((ACT NO MrG 

1 

~~D0 ~ESISTOR. 39 OHM 1/4~ 5~ C 'RBO~ 30703 90 112 1 Rq 4 ~ 'E S I 5TO R. 4 HZ OhM 1/ 4. SX CAR80~ 3070472 1121 
0586 PE5ISTOR. 2 2 OhM 1/4W S~ CAR80~ 3010220 11 21 Rf,l. 4 6 R[ S IST OR . 1 8 ~ OH M 1/ 4 l,.j 5% CARBO' 3~7~181 1121 
,587 RESIST OR. 100 OHM 1/4. 5X CARBO' 307010 1 1121 "847 ~E S I5TOR . 22 OHM 1/ 4• S~ OR80, 3~70220 1121 
R588 RESISTOR. 332~0 OHM 1/4, l X ME TAL FIL~. 3133 32 2 7115 ~ 13 4 ~ "E SI5TOO . 9H OHM 1/4. 5X CARBO, 3070911 11<1 
R589 POrENTIOMUER. 100~ OHM lRI M 311014 3 71 450 ' 84<; ' ESI5 TOR. 22 N'. 1/4W SX CAR80' 3070220 1121 
8590 RESISTDR. 442 OHM 1/ 4W iX M[HL FIL" 31344 20 711 5 Q85 r' R[S IS TOR . 47 OHM 1/4. 5% CARBC' 3e7~470 1121 
8591 ~OTENTIOMETER. 100 OHM lRIM 31101 41 7H50 R85 1 ' ESISTOR , n O"M 1/4w 5~ CARBO~ 3070220 1121 

.... 

..., 

~ 

-
..., 
f 

-

R592 
" 600 
P 6 e1 1 
R602 
.605 
R606 
R607 
R6CB 
R609 
R&le 
R6l1 
RU2 
R613 
06 14 
0615 
Q61.6 
,617 
,61B 
r,6l9 
0620 
0621 
R6<'2 
R700 
"7~1 
R102 
h70 3 
R70< 
P705 
R706 
R707 
R708 
R709 
R713 
RHl 
R712 
~713 
R7l4 
R715 
R716 
R717 
RHB 
R719 
R720 
R730 
R731 
R735 
R736 
R7n 
R736 
R740 
R7 41 
R742 
H745 
R746 
R747 
~75 0 

R7S1 
R752 
n755 
R 760 
R76l 
0762 
R765 
R766 
R767 

RESISTOR. 63.4 OMM 1/4 W iX ME He FIL" 
PESIST OR. 1210 OHM 1 / 4. iX M.1AL rlLM 
~ESISTOR. 49,9 OHM 1/ 4. U MEHL rlL" 
RESISTOR. l ~ e OHM 1/ 4W 5X CA RBO·, 
RESIST OR. 681 OHM l/4W 1X MEHL rlLM 
.ESISTO •• 4990 OhM 1/4. 1X MEUL FILM 
RESISTOR. 4.90 O"M 1/ 4. iX METAL FILM 
·ESIST OR. 191 00 OMM 1/4. lX META L FILM 
_ESISTOR. 127 OH" 1/ 4 • lX HETAL rlL" 
RESISTOR. 19100 OHH 1 /4 . 1~ "E TAL PILM 
RESISTOR. 2~~ OhM 1/4~ U MET ~L FILM 
RESIS10R. 309 O~M 1/4. lX ME1AL FIL~ 

roTENT I OMETE~. 2K OMM PC TRI M 
"ESISTOR. 9530 O~M 1/4. l X ME1AL FILM 
RESISTOR. 9,3J OHM 1/ 4w lX METAL FILM 
POH~T IOMETER. 2K OMM PC TRIM 
POTENT IOMElER. 2K OHM PC TRIM 
RESISTOR. 7'~0 OMM 1/4~ l X MET~L rlLM 
RESISTOR. 7'~0 OHM 1/4W l X ME1~L FILM 
POTE NT I ORE TER. 2K OHM PC TRIM 
RESIS10R. 499 OHM l /4 W iX METAL FILM 
P(SISTOR. 62.5 OHM 1/ 4W lX METAL FILM 
R[SISTOR. 47 OHM 1/~W 5x CA RBO' 
POTENTIOMETER. 25 ~ OHM 
CONCENTRIC SwiTCH 4 POTE NTI OMETER 
"ESISTOR. 160 OHM 1/4W 5X CARB O' 
RE5IS10R. <7 O~M 1/4. 5X CA RBO~ 

_ESISTOR. 137~0 OH~ l/4W l X ME TA , FILM 
RESISTOR. "'~0K OHM 1/2w IX M(TAL FILM 
RESISTDR. l5~00K OHM 1 / 2. 1X OEP, CARBON 
RESISTDR. ~74K OHM 1/4. 1~ METAL FILM 
"ESISTOR. 274K OHM l/4w lX ME1AL FIL~ 

RESISTOR. 47~ OHM 1/4. 5% CA RBo~ 

RE5ISTOR, 3<4~ O~M 1/4 . 1~ M(TA L FILM 
PESISTOR. 16~00 OHM 1/ 4W lX MET4L FILM 
pO TENTIOMETER. 5K CHM PC TRI~ 
R(SISTOR. 1~~00 OHM 1/ 4W IX ME T4L FILM 
RESISTDR. 1000 OHM 1/4 . lX METAL FILM 
RESISTDR. 16,~e OHM 1/4 ~ I X ME14L PILM 
RESISTOR. 2700 OHM 1/ 4• 5~ CA RSOh 
PESISTOR. 210K OHM 1/4. 1X ME1AL FILM 
RESISTOR. 27 OHM 1/4. 5X CA R80 ' 
RESISTOR. 15K OHM 1/4H 5X C4RBO~ 
RESISTOR. l1K OHM 1/4. 5X C4 RBO, 
RESISTOR. 160 OHM 1/4. 5X CAR80' 
PESISTOR. 10~ OHM 1/4W ~x CA RBO' 
RESISTO~. 10~ OHM 1/4W 5X CA R80' 
POlE NTIOMETER. 50~ OHM PC T~IM 
RESISTOR. 750~0 OHM 1/4. lX METAL rlLM 
"ESISTOR. 100 OHM 1/ 4 ~ 5X CAR8 0 ' 
RESISTOR. öB~ OHM 1/4. 5X CARBOh 
RESISTOR. 5600 OHM 1/4W 5X CAR80, 
RESISTOR. 51 OHM 1/4 W 5x CAR 80' 
.[SISTOR. 360 OHM 1/4 . 5X CAR BO, 
RESISTOR. 4300 OHM l / 4W 5X CA RBo' 
RESISTOR. 22 OHM 1 /4W 5X CA RBoo 
RESISTOR. 47 OHM 1 / 4W 5X CARao. 
RESIS10R. 6B OHM l/4H 5X CA R80' 
RESISTOR. 22 OHM 1/4. 5X CARBO. 
RESISTOR. 3010 OHM l/4W I X MET AL FILM 
RESISTOR. 2000 OHM 1/4. lX METAL rlLM 
RESISTOR. 221 OHM l/4W l~ METAL FILM 
RESISTOR. 3~10 OHM 1/4. lX H(T AL FILM 
RESISTOR. 6BK OHM 1/4. 5 X C~RBO' 
POTENTIOMETER. 100K OHM TRIM 

3130 63 4 
3131211 
31 30 499 
3070H l 
3)3 6810 
313 499 1 
313 4991 
313 1912 
31 3127 0 
3)31 912 
3132 ~00 
31 330 90 
3110130 
313953 1 
31 39 531 
3110130 
3 1 1013~ 
31375 01 
3tJ7501 
3110130 
313 4990 
3130825 
307~4 70 

3110145 
2600317 
3~70161 
3070 270 
3131372 
310150 4 
~091~~5 
313274 3 
313274 3 
30 704 71 
31332 43 
313 1652 
31100 52 
31310 02 
313 1001 
313165 2 
3070272 
3132103 
3070270 
3070153 
3010113 
30701 61 
307 010 3 
3070 103 
311 01!3 
J137 ~ 0 2 
3070 10 1 
30 70 683 
307 0562 
30705U 
~070361 
30704 32 
30702 20 
30 70470 
307 06 U 
3010220 
3133011 
313 200 1 
3132210 
313301 1 
307 0683 
31101<3 

7115 
711 5 
7115 
11 21 
711 5 
711 5 
711 5 
7115 
71 15 
711 5 
711 5 
711 5 

78466 
711 ~ 
711 ~ 

76 468 
76H8 
711~ 
7115 

76488 
7115 
711~ 
1121 

71 45 0 
714~0 

112 1 
1121 
711 5 
7115 

150 42 
1115 
7115 
112 1 
711 5 
71lS 

37942 
7115 
7115 
7115 
11 21 
711 5 
112 1 
1121 
11 21 
1121 
11 21 
1121 

76488 
7115 
11 21 
HU 
11 21 
11 21 
11 21 
112 1 
1121 
1121 
1121 
1121 
711 5 
711 ' 
711 5 
111 5 
11 21 

7145 0 

l.,! 852 
_653 
R85 4 
08 60 
'd~61 
oa~2 

R8 63 
R8 6 4 
R86 5 
"8 ~6 
RR~7 

"" ~B 
< 5 ~e 
0869 
RA71 
0881 
~ 900 

~9 0 1 
R9 II 
P9\ 2 
R9\ 3 
Rn3 
R92 4 
S10~ 
,1 01 
52 10 
,2 60 
5360 
S5 5~ 
11 00 
5700 
<: ~2~ 
c8 30 
S~45 

59 00 
,, 8~~ 

PART 

C283 
G'SO 
C9S 1 
C952 
C~55 
C9 56 
C95 7 
0950 
D955 
J985 
Q9 50 
Q95S 
Q9 60 
Q970 
Q9 75 
Q9BO 
Q985 
R265 

IIE SIS TOI:t, 22 OIo1M 1/4. 5~ CARBO~ 
"(S ISTO •• 4 70~ OHM 1/4" S~ CARBO, 
HS IS TOR . )60 OMM 1/4. 5\ CARBO" 
" ( SIS TO • • 6b0 O"" 1/4W 5~ rAR80~ 
RESISTQ •• 332 O"M 1/4W U METAL FILM 
"(5 1ST O • • 33 2~0 OMM 1/4W 1~ M[TAL rlL" 
POTENTIOMETE R. l20~ OHM lRIM 
"ES I STOR . 15 0 O"'iM 1/"''''' 5% ORBO" 
°E S I STO R. 1000 OlolM 1/4\01 5X CARBO~ 

r ES I STO •• 10000 o~'" l/!hl 1\ ME TAL FILM 
RE S I STO R. 20 00 OHM 1/4. 5X C~RBO' 
PESI STOR. 10~0e O"~ 1/ 4W 1\ "ETAL rlLM 
CO~CENTPIC SWI TCH & POTENTIOMETER 
CONC EN TRIC SWITC_ & POTE NTIOMETER 
TO 
PE S ISTOR. 1 00 OHM l/B H lX METAL rlLM 
PO TENTIOMETE R. 200 OHM 151 TRIM 
TO 
"E S ISTO •• 20.0 OHM l/BW iX "ETAL rlLM 
R( SISTOR. 270 OHM l/4w 5X C~RBO' 
'0 
RE SI STOR . 4.7 OHM 1/4. 5x CARBO~ 

PESIS TO •• H O~M 1/4W 5X CARBO' 
S.IT CH . 1 0 GG~E SPDT 
SWIT CH . SLIDE 
CO NC ENTR IC SWITCH & POTE NT 10METER 
S.IT CH. ROTA RV 5PBT 
CON CEN TR IC SWIT CH 4 POTENTIOMETER 
S.IT CH . LE VER 5P3T 
TRAN SFO RM ER. PO WER 
e ONCEN TR IC SW IT CH 4 POTENTIOM(TER 
SWITCH. RU SH ~UTTO~ 
eON CENTRIC SW ITCH & POT EnlOMETER 
SwIT CH. TOGG ~ E ClPD T 
SWITC M. 3 POL E TH UMBWH EE L 
CO NCENT RI C SW I TC ~ & POTE ~ lIOMETER 

LOG AMPlIFlER 

DESC RI PTI ON 

CAPACITOR. 0 . 0 5 MFD 50 VOLT 
CAP AGITOR. 6.8 MFD 35 VOLT 
CAP ACITOR. 6.8 MFD 35 VOLT 
CAPAC I TO R. 6. 8 r-;FD 35 VOLT 
CAP ACITOR. 6. 8 MF D 35 VOLT 
CAPAC ITOR. 6 . 8 MFD 35 VOLT 
CAPAC I TOR. 6 .8 MFD 35 VOLT 
DIO DE. IN75 1A 
DIODE .. l N751A 
CO NN ECT OR. liN C 
TRANSIST OR. 2N2219 
TRI\. NS I STOR. 2N2905 
OPE RATlONAL I\. MP LIFIER. lJA741 
OPE RA TION AL AMP L IFIER. UI\.741 
IN TEGRATE D CI RCUIT. SN76502N 
OPERA TlONAL AMPLIFiER. UA741 
OPERA Tl ONAL AMPLI FiER. UA741 
RESISTOR. B06 OHM ~ATCHE D PAIR 

3~7~22~ 1121 
3070472 1121 
3C70161 1121 
3~706Bl 1121 
31 33320 7115 
3\33322 7115 
3110143 71 450 
3~70151 1121 
30101~2 1121 
313U02 711~ 
3~702~2 1121 
313l0~2 7115 
2600316 71450 
2600313 71<50 

3181000 7115 
3110125 19701 

3180200 7115 
3070271 1121 

3070047 1121 
3~701~0 1121 
2600103 100005 
2h~0323 10597 
260 0313 71450 
:1600312 71450 
2600315 71 4 50 
2600251 10597 
1200039 10597 
2600317 71450 
2600316 10~97 
260031 4 71450 
2600a9 100005 
2600343 10~97 

2600313 71450 

EXACT NO MFG 

2900052 10597 
2900043 100002 
2900043 100002 
2900043 100002 
2900043 100002 
2900043 100002 
2'00043 lOOO02 
l52075l 75042 
1520751 75042 
1310047 91836 
l562219 1295 
1562905 1295 
1580010 7263 
IS 800 10 7263 
1580030 1295 
15 BOO 10 72fii3 
1580010 7263 
3128060 10597 

.... 

..., 

.... 

"""I 

R766 
R769 
R77e 
R771 
R772 
R775 
,,780 
R78l 
,,790 
_791 
'792 
~793 

R80~ 
R601 
R802 
R8l0 
RBll 
·-,a 1.2 
C8U 
;; 822 
"' 823 
R824 
~ e25 

RA?' 
R827 
R~2R 

R8?9 
R8~~ 

R"3l 
RA32 
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RESISTOR. 332 OHM l/4W iX METAL FILM 
RESI510R. 5490 OHM l/4W iX MEH L FILM 
~ESIS10R. 3010 OHM 1/4W 1X METAL FILM 
RESISTOR. 1 0 ~.0 OHM l/4H lX METAL FILM 
_ESI,TOR. 1650 OHM 1/ 4 • U META. rlLM 
"ESISTOR. 2700 OMM 1 / 4 . 5X CARS ON 
RESISTOR. 510 OHM 1/4. 5X C AR BO~ 
RESISTOR. Z700 OHM 1/4. 5X CAR SON 
RESISTOR. 47 "~ OHM 1 / 4W 5x CAR BO' 
' ESISTOR. 470 OH M 1/4• 5X CAR8 0 ' 
RESISTOR. 100 OHM 1/4. 5X CA RB O ~ 
RESISTOR, 470 OHM 1/4. 5% C4Ra ON 
RESISTOR. 2200 OHM 1 / 4H 5x CARB ON 
RESISTOR. 2200 OHM 1/4 . 5 ~ CAR 80N 
RESISTOR. 2200 OHM l/4W 5x CA RBO' 
RESISTDR. ~40 OHM 1/4W 5X CAR BO' 
RESISTDR. 3300 OHM 1/4. 5X C A R8 0~ 

~ESISTOR. 16<0 O~M 1/4 . 5~ CAR8 0~ 

°ESISTOR. 22~ 0 OWM 1/ 4• 5~ C A R B O ~ 

RESISTOR. ~ 10'" OH ." 1/4. 5X CARBOh 
REstSlO~, 10 0K O"" 1/' W 5X CA RB O" 
RESISTOR, U~0 OHM 1 / 2" 5 ~ CARBO ' 
CONCENTRIC SWITCH 4 POTE N T I O M E TE ~ 
RESISTOR. .,00 OHM 1/ 4W SX C~RBO~ 

"ESlSTOR. 47~~ OHM l/4W 5~ CARAO' 
"rSISTOR. 3"0~ OH " 1/4W 5X CARBD' 
RESI STOR, 470~ O"" 1/4. ~ x C~ R B O~ 
RfSIS10R. lB~K O~" 1/ 4~ ~~ CAR BO' 
f:;ESlSTOR. 33~ 010< M 1/" 5X CAR90' 
RrSISTOR. 1"0 O"M 1/4. 5X CARBO' 
~ESISTOR. 10K O"" l/ 4W 5X C.4RBO" 
"rSISTOR, 8 2~ OHM 1/ 4W 5X CARBO, 
PESISTOR. 10K OHM 1/4W 5% CARB O' 
R,SISTOR, 10K OHM l/ 4W 5% CA RRO ' 
RESISTOR. 1""0 O"" 1 /4. 5~ CAR BO ' 
"ESISTO •• 1""0 OHM 1/ 4. 5X CAR8 0' 

3133320 
3135 491 
31 33011 
31310~2 
31316 51 
30 70272 
307 051 1 
30H272 
3070472 
3070 471 
301 010 1 
3070 471 
30702 22 
30 702 22 
30 7022 2 
30 70 241 
307 033 2 
301016 2 
3Z7022< 
3070 472 
3~7~10 4 
3 01 ~10 2 

260 031 4 
3~ 7047 2 
30 7 ~472 

3 0 703 ~ 2 
3010 472 
3 ~ 7 0 1M 
3~ 7 0 3 3 3 

30 70 1~1 
30 70U3 
3070821 
30701 03 
30701 03 
3070102 
3070102 

711 5 
7115 
711 5 
7115 
711 5 
112 1 
11 <1 
1121 
11 11 
11 21 
1121 
11?1 
1121 
11 21 
1121 
1121 
11 21 
11 21 
11<1 
U2l 
11 21 
11 21 

71450 
11 21 
1121 
1121 
1121 
1121 
1121 
11 21 
1121 
11 21 
1121 
11 21 
11 21 
11 21 

R95Q 
R95 1 
R952 
R~53 
R9 55 
R956 
R957 
R95 8 
R960 
R96 1 
R9 62 
R963 
R964 
R965 
R96 6 
R9 67 
R970 
R97 1 
R972 
R973 
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R977 
R980 
R98 1 
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R983 
R985 
R98 6 
R98 7 
R98 8 
S710 
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RES I STOR. 1000 OHM 1/ 4 '-1 U METAL FILM 
RESISTOR. 390 OHM 1/4'-1 Si CARIlON 
RESIS TOR. 649 OHM l/4'-1 U METAL FILM 
RE S I STOR. 2 20 OHM 1/4W 5t CARIiON 
RESISTOR. 1000 OHM 1/4'-1 U METAL FiLt< 
RES I STOR . 5 60 OHM 1/ 4'-1 St CARIiON 
RESISTOR. 649 OH!' l/4'-1 \Z r-ETAL FiLM 
RESISTOR. 300 OHM 1/4101 5% CARIiON 
RE SIS TOR . 3 6500 OHM 1/4111 1% r-ETAL Fi LM 
RE SIS TOR. 10000 OHM 1/4\1 1% I'ETAL FILf'J 
POTENTl OI'ETE R. I K OHM TR I M 
RES I STOR. 10000 OH!'· 1/4\1 U ME TAL FiLM 
RE SISTOR. 36500 OHM 1/4\1 1% ME TAL FILM 
RES I STOR. 2000 OHt'l 1/4W U ME TAL FILM 
RESI STOR . 4990 OHM 1/4\1 U ME TAL FiLM 
POTENTIOMETER. 2 .5K OHM TRI i' 
RE SISTOR. 100 0 OHM 1/4W 5% CAR.ON 
RES I STOR. 910 OH r-; 1/41<1 '5% CARIiON 
RES l STOR. l OO OHM 1/4 101 I~ I'ETAL FiLM 
RESISTO R. 301 0 OHM 1/4W l ~ toETAL FiLM 
POTENT! OM<; TER. lO K OHM TRIM 
RES I STOR. 15 000 OH M 1 / 4111 U METAL FiLM 
RES I STOR. 5 10 OHM 1/ 4 111 S. CARliON 
RESISTOR. 20 00 OHM 1 / 4111 U METI\.L Fi Lr.: 
RESISTOR . 3920 OHM 1/4W 1% r-ETI\L FILM 
RES I STOR . 100 0 0 OHi' 1/ 4101 U toETAL FiLM 
POTENT I OI'E TE R. l OK OH M TRI M 
RES I STOR. l OK OHM 1/ 4W 5 % CARIiON 
RESI STOR. 5 100 OHM 1/4101 5l CAR.ON 
PO TE NT1 0ME TER. lOK OHM TRIM 
RES I STOR. 12K OHM 1/ 4101 5% CARIiON 
RE S I STOR. 22 OHM 1/4W 5% CARIiON 
SW I TCH, LEVER 2P 3T 
S\l1 TCH. LEVER 2P 3T 

3131001 
3070391 
3136490 
3070221 
3131001 
3070561 
3136490 
307030 I 
3133652 
3131002 
3110147 
31.31002 
3133652 
31.3200 I 
3134991 
3110148 
3070102 
3070911 
3131000 
3l.33011 
3110150 
3131502 
3070511 
3132001 
3133921 
3131002 
311015 O 
3070103 
3070512 
31101.50 
3070 l23 
3070220 
2600308 
2600308 

71.15 
Il21 
7115 
1121 
7115 
1121 
7115 
1121 
7115 
7115 

71450 
7115 
7115 
7115 
7115 

7lA50 
1121 
l121 
7115 
7115 

71450 
7115 
1121 
7115 
7115 
7115 

71450 
1121 
112l 

71450 
1121 
1121 

1.0597 
10597 
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F1GURE 1. 2 .1 

SCHEMATIC DIAGRAM MODEl 126-127 -1 28 
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