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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 
designated service depot unless 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 representativ~ 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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SECTION1 

GENERAL DESCRIPTION 

INTRODUCTION 

The Exact Models 119 and 121 Sweep-Function Generators pro
vide square, triangle, sine, ramp, and pulse waveforms over a 
frequency range of 0.2 Hz to 2 MHz, (0.02 Hz to 200 kHz with 
option B) plus a VCF (voltage-controlled-frequency) input, vari
able DC Offset and TTL Pulse output. The MODEL 121 has an 
internal sweep generator that provides a linear sweep from 1 ms 
to 10 sec for sweeping the main generator over three decades 
(1000:1). A ramp sync output and auxiliary ramp output are also 
provided. The 119M includes an AM input for modulating or con
trolling the amplitude. 

MECHANICAL DESCRIPTION 

Case/Top and Bottom Covers 

The instrument case is made of lightweight plastic. The top and 
bottom covers are made of ABS plastic for extreme ruggedness 
and flexibility. Front and rear bezels are made of Lexan 500 for 
maximum strength and rigidity. The instrument requires no venti
lation holes because of its low power consumption. 

Front Panel 

The main output and all controls are on the front panel. They are: 
the pushbutton POWER switch, power ON indicator, seven fre
quency RANGE pushbutton switches, three pushbutton FUNC
TION switches, RAMP/PULSE INVERT pushbutton switch, fre
quency MULTIPLIER (variable), VAR RAMP/PULSE potentiome
ter, DC OFFSET control, and output AMPLITUDE control, OUT
PUT HI, and OUTPUT LO. The MODEL 121 includes a sweep 
WIDTH control, sweep RATE control, and two SWEEP RANGE 
pushbutton switches. The MODEL 119M includes an AM switch, 
MODULATION control, and a CARRIER control. 

Rear Panel 

On the rear panel are the power cord, fuse, VCF (Voltage
controlled-frequency) input, TTL pulse output, ramp sync output 
(121), aux ramp output (121), and AM input (119M). 



Printed Circuit Boards 

MAIN GENERATOR: All circuitry, the power supply, and power 
transformer are on the main PC. board. All controls, the POWER 
switch, and ON indicator are also on the main PC. board. 

SWEEP GENERATOR: The internal sweep generator in the 
MODEL 121 is on a separate PC. board mounted to the front 
bezel. All sweep controls are mounted on the sweep board. 

AMPLITUDE MODULATOR: The amplitude modulator in the 
MODEL 119M is on a separate PC. board mounted to the front 
bezel. All AM controls are mounted on this board. 
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SPECIFICATIONS 

Specifications are listed below inTable1-1. Test procedures for 
verification of specification are given in Section 3. 

Table 1-1 Specifications 

Main Generator: 

Frequency 
Range: 0.2 Hz to 2 MHz (7 ranges) 

Option 8: 0.02 Hz to 200kHz 

Frequency 
Accuracy: ±5% of full scale 

VCF (Voltage 
Controlled 
Frequency): Approx. 0 to 10 volt input for 1000:1 

(3 decades) frequency ratio. 
Input impedance- Approx. 10 KO 



Main 
Output *(SOn): Waveforms - Sine, triangle, square, 

pulse, and ramp 

Amplitude- .:;?20V P-P open circuit 
~1ov P-P into ·son 

•• Attenuation - 30 dB continuously vari
able plus 30 dB for the *LO output 

DC Offset- (variable) 
+10 to -10 volts open circuit 
+S to -s volts into ·son 

NOTE: The output signal will be auto
matically clipped for protection if the 
DC offset plus the signal exceeds the 
maximum peak voltage. 

Sine Distortion- <1% 0.2 Hz to 200 kHz, 
typically <O.S% -30 dB 200 kHz to 2 
MHz (all harmonics) measured at full 
output, between 0.2 and 2.0 on the 
dial. 

Sine Frequency Response- <0.1 dB 0.1 
Hz to 200 kHz <O.S dB 200 kHz to 2 
MHz 

Squarewave- Rise Time- <100 nsec 

Abberations- <S% max P-P amplitude 

Pulse Output: 

TTL Compatible: 

AM: (119M) 

AM 

*Option K is soon and has no LO out
put. 

**Option A is 30 dB continuously vari
able plus a 0-20-40 dB switch 

Amplitude Fixed, >+3V open circuit. 
<2S nsec rise time. Will sink 20 TTL 
loads. 

Approximately 100K input impedance. 
DC coupled. 

Approximately SV P-P for 100% AM. In 
the AM mode, other specifications are 
not valid. 
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Sweep Generator: (121) 

Sweep Rate 
Range: 

Sweep Rate 
Accuracy: 

Sweep Width: 

1 ms to 10 s (2 ranges) 

±10% (Cal Position) 
100:1 Variable 

Continuously variable to 1000:1 
(3 decades) 

Ramp Reset Time: 
Approximately 15% of range. 

Power 
Requirements: 

Physical 
Characteristics: 

-115 VAC ±10% or 230 VAC :±:10% 
50/60 Hz. Approx. 5 watts. (can be 
wired for other voltages) 

73/s'' wide x 2~a" high x BW' deep. Weight 
- Approx. 2 lbs. 

NOTE: (unless otherwise stated). 
Specifications apply 10% to maximum 
output voltage, terminated into the 
rated load impedance, between 0.2 
and 2 Multiplier settings. 

Specifications are valid at 25°C ±5°C 
after 1 hour warmup time. 

Specifications are NOT valid in AM 
mode. 



SECTION2 

INSTALLATION AND OPERATION 

UNPACKING AND INSPECTION 

The MODEL 119 and 121 FUNCTION GENERATORS are pack
aged to absorb any reasonable shock encountered during ship
ping. 

Carefully remove the instrument from the shipping container and 
inspect for shipping damage. If damage is found, SAVE THE 
SHIPPING CONTAINER and notify the carrier immediately. 

AC POWER REQUIREMENTS 

These Models operate on line voltages of 100, 115, 200, and 230 
VAC ±10% 50-60Hz. Power requirements are typically 5 watts. 

Unless specifically ordered otherwise, the instrument is wired for 
115 VAC. 

To operate the instrument at a different line voltage, it is neces
sary to change one or two jumpers on the P.C. board. Perform the 
following steps: 

A. With the instrument unplugged, remove the top and bottom 
covers as described under dissassembly steps, Section 5. 

B. From Figure 6-3 select the jumper or jumpers corres
ponding to the desired line voltage of operation. 

C. Remove the jumpers previously installed in the P.C. board (Fig. 
6-2). 

D. Install the jumpers corresponding to the desired line voltage: 

E. From Figure 6-3 select the proper terminal number for the 
white wire from the power cord (no. 5 or no. 6). 

F. If the white wire needs to be moved, unsolder it and 
resolder to the appropriate eyelet indicated on Figure 6-3. 

WARNING I 
*BE SURE TO INSULATE JUMPERS TO PREVENT SHOCK 
HAZARD. 
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Fig. 2-1 Controls and Indicators 
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CONTROLS AND INDICATORS {Fig. 2-1) 

POWER Switch 

The power switch applies power. 

Power ON Indicator 

A light emitting diode (LED) indicates when power is applied. 
Because the LED is a solid-state device, its life expectancy, like 
most other solid-state devices, is indefinite. 

RANGE Switch 

Seven fixed decades of frequency are provided by the RANGE 
pushbutton switch. The seven switches are interlocking. Depres
sing one pushbutton will release all others. 

FUNCTION Switch 

Three interlocking pushbutton switches select the desired output 
waveform. Depressing one switch releases the switch previously 
depressed. Square, triangle, and sine waveforms are provided, 
satisfying most applications. By only partially depressing a 
switch, all three switches can be disengaged simultaneously. This 
allows using the generator output as a DC source controlled by 
the DC OFFSET pot. 

MULTIPLIER 

The MULTIPLIER is a variable potentiometer allowing frequency 
settings between fixed ranges. Although the dial skirt is calibrated 
from 0.2 to 2.0, the dynamic range of the MULTIPLIER dial is 
1000:1 (three decades). For example, this allows frequency set
tings between 200 kHz and 200 Hz without changing ranges. 
NOTE: This is necessary when sweeping up in frequency over a 
three decade range 1000:1. For further information concerning 
sweeping refer to Section 4 (Summing Amplifier). 

HI OUTPUT 

Square, triangle, sine, ramp, and pulse waveforms are provided 
at up to 20V P-P amplitude (open circuit) at the HI OUTPUT. 

LO OUTPUT 

The LO OUTPUT is 30 dB down from the HI OUTPUT. In combi
nation with the 30 dB provided by the amplitude control this 
provides a maximum attenuation of 60 dB. 

Option A replaces the 2 outputs with one output and adds a 
0-20-40 dB attenuator switch. 

Option K changes the output impedance to 600!1 and replaces 
the 2 BNC outputs with a single output pair of 5-way binding 
posts. 
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AMPLITUDE 

The AMPLITUDE control provides 30 dB attenuation of the output 
waveform. 

DC OFFSET 

A DC OFFSET control allows setting the DC level of the OUTPUT 
waveforms as desired. The OFF position disconnects the DC 
OFFSET control. 

NOTE: If the amount of offset plus the waveform amplitude ex
ceeds the maximum P-P amplitude, automatic clipping will occur. 
By disengaging all three waveforms, the DC OFFSET acts as a 
variable power supply control for the generator output. 

VCFINPUT 

A VCF (voltage-controlled-frequency) input is provided for exter
nally sweeping or controlling the frequency. Approximately +10V 
applied at the VCF input will sweep the generator frequency down 
three decades (1000:1). The generator may also be swept up in 
frequency by applying a negative voltage at the VCF input. This 
input can also be used to fine-tune frequency or to frequency 
modulate. 
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VARIABLE RAMP/PULSE 

Time symmetry of the OUTPUT waveforms, including the TTL 
PULSE output, is controlled by the VAR RAMP/PULSE poten
tiometer. 

When this control is set to the CAL position, the time symmetry of 
the output waveforms is 50/50 (approximately 100% symmetri
cal). 

This control allows the time period of one-half the waveform to be 
changed while the other half remains fixed as determined by 
RANGE and MULTIPLIER settings. This unique feature provides 
ramp waveforms, variable pulse width and variable duty cycle 
pulses, and skewed sinewaves. 

RAMP/PULSE INVERT 

A pushbutton switch inverts the time symmetry set by the VARI
ABLE RAMP/PULSE control. 

Table 2-1 illustrates the effect of the RAMP/PULSE INVERT 
switch and VAR RAMP/PULSE control. 



PULSE OUTPUT 

The PULSE OUTPUT is suitable for driving TIL logic. The rise
and fall-time is typically 15 ns. The pulse width and repetition rate 
may be set as desired, by using the RANGE, MULTIPLIER, and 
VARIABLE RAMP/PULSE controls. The symmetry of the PULSE 
output is controlled the same way as the output waveforms de
scribed in Table 2-1. 

Ramp/Pulse Variable Ramp 
Invert Swilch Pulse Control Square 

Out Cal '"L 

In Cal '"L 

In Max cw JL._ 

Out Max cw --u 

MAIN OUTPUT 
Triangle 

"v 

"v 

~ 

,.__ 

Table 2-1 Variable Ramp/Pulse Control 

Sine 

"v 

"v 

~ 

"'-../" 

NOTE: The time symmetry illustrated above is for reference only. 
Any desired time-symmetry ratio may be set within the limits 
described in Section 4 (Var Ramp/Pulse). 

Pulse 
Output 

'"L 

'l... 

-u 
n_ 
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AM (Model 119M only) 

A pushbutton switches the Modulator in or out. When the AM is 
on, specifications for distortion, symmetry, and output amplitude 
are not valid. 

CARRIER (Model 119M only) 

The CARRIER control allows the carrier level to be adjusted and 
its phase inverted. This provides full four quadrant and double
sideband suppressed-carrier capabilities. The AM switch must be 
engaged. 

MODULATION (Model 119M only) 

The MODULATION control adjusts the AM input sensitivity. The 
AM switch must be engaged. 

AM INPUT (Model 119M only) 

The AM INPUT allows remote amplitude control and Amplitude 
Modulation of the carrier. Approximately 5V of either polarity will 
provide full output during remote amplitude control; approxi
mately 10V P-P is required for full double-sideband suppressed
carrier modulation; and approximately 5V P-P is required for 
100% AM. The input impedance is 100K ohms. 
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WIDTH (Model121 only) 

The width control sets the sweep width as desired up to a three 
decade (1000:1) range. 

RATE (Model121 only) 

This control adjusts the sweep rate over a two decade (100:1) 
range. 

SWEEP RANGE (Model121 only) 

Two pushbutton-selected ranges allow 1 ms to 1 0 sec. sweep 
rates. 

RAMP OUTPUT (Model121 only) 

The Ramp Output signal is a negative sweep waveform of approx
imately -2.5V peak. The Ramp Time is set by the sweep RATE 
and sweep RANGE controls. 

RAMP SYNC OUTPUT (Model121 only) 

The RAMP SYNC output is a positive pulse of approximately +5V 
coincident with the reset time of the sweep waveform. 

NOTE: The VCF input and PULSE output on the MODEL 119 
are front-panel binding posts. On the 119M and 121 these are 
rear-panel banana jacks. 



FIRST TIME OPERATION 

NOTE: Before applying power be sure the proper line voltage is 
available. Plug the power cord into the proper source of 115 VAG 
50-60Hz. All instruments are wired for 115 VAG unless otherwise 
ordered from Exact. The proper procedure for rewiring is de
scribed in Section 2 (AC Power Requirements). Set the controls 
as follows: 

RANGE-HZ 10K 

MULTIPLIER 2.0 

FUNCTION Av 

VAR RAMP/PULSE CAL 

AMPLITUDE MAX 

OFFSET OFF 

WIDTH OFF MODEL 121 ONLY 

ATTENUATOR (Option A) OdB 

AM OFF 

CARRIER '0' } MODEL 119M ONLY 

MODULATION OFF (CCW) 

MAIN OUTPUT 

Connect an oscilloscope to the HI OUTPUT. 

Observe a 20V P-P 20 kHz triangle waveform. 

FUNCTION SWITCH 

Select and observe a 20V P-P squarewave and sinew ave. 

AMPLITUDE CONTROL 

Rotate the AMPLITUDE vernier from maximum to minimum and 
observe at least 30 dB of attenuation. 

ATTENUATOR SWITCH (OPTION A) 

Reset the AMPLITUDE control to maximum. Change the AT
TENUATOR to 20 dB, observe a 10X voltage reduction, change it 
to 40 dB and observe an additionai10X voltage reduction (100X 
total). Reset ATTENUATOR to 0 dB. 

LO OUTPUT (Except with A or K options) 

Connect the oscilloscope to the LO OUTPUT and observe the 
signal level 30 dB lower than the HI OUTPUT level. 
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DC OFFSET 

Reconnect the oscilloscope to the HI OUTPUT and select the 
triangle waveform. Rotate the DC OFFSET control and observe 
the peaks will "clip" when the DC OFFSET plus the peak 
amplitude exceeds ±10V. 

Reduce the output amplitude and observe that the DC OFFSET 
may be increased by the same amount the peak amplitude has 
been decreased. 

Return the DC OFFSET to OFF and the AMPLITUDE to 
maximum. 

VAR RAMP/PULSE CONTROL 

While observing the triangle waveform on the oscilloscope, rotate 
the VAR RAMP/PULSE control CW from the CAL position. 

Observe that one slope of the triangle remains constant while the 
other slope is variable over a 20:1 range (typical), producing a 
ramp waveform. 

RAMP/PULSE INVERT SWITCH 

Depress the RAMP/PULSE INVERT pushbutton. The positive 
and negative slopes of the ramp waveform reverse (invert). 

By selecting the squarewave and repeating the same procedure, 
the MODEL 119 and 121 FUNCTION GENERATORS become 
12 

very versatile pulse generators. The pulse width may be deter
mined by the following formula: 

PULSE WIDTH =the reciprocal of 2 x freq. 
setting. 

In other words, the pulse width equals one-half the time period of 
the frequency set by the RANGE and MULTIPLIER controls. 

The time symmetry of the sinewave may be set in the same 
manner, providing additional versatility. 

NOTE: The VAR RAMP/PULSE control and RAMP/PULSE IN
VERT switch provide the same flexibility for the PULSE output. 

PULSE OUTPUT 

Connect the oscilloscope to the PULSE output. By adjusting the 
generator frequency, the VAR RAMP/PULSE control and the 
RAMP/PULSE INVERT switch, the highspeed TIL pulse may be 
used as a very versatile pulse generator. With the RAMP/PULSE 
switch in the NORM position (out), the pulse width "on time" is 
determined by the RANGE and MULTIPLIER settings and the 
repetition rate "off time" is set by the VAR RAMP/PULSE control. 

NOTE: When the RAMP/PULSE INVERT switch is set to IN
VERT, the pulse "off time" is determined by the RANGE and 
MULTIPLIER setting and the pulse "on time" is set with the VAR 
RAMP/PULSE control. 



AM (Model 119M only) 

Connect the oscilloscope to the HI OUTPUT and set the 
generator for a 200kHz sinewave. Observe a 20V P-P 200kHz 
sinewave. 

Now engage the modulator by depressing the AM pushbutton. 
Observe a 200 kHz sinewave at a reduced amplitude. The 
amount of reduction will depend on the CARRIER setting. 

CARRIER (Model 119M only) 

Externally trigger the oscilloscope from the 119M PULSE OUT
PUT (rear panel). Vary the CARRIER control. Observe that the 
waveform is at minimum amplitude when CARRIER is centered 
('0') and at maximum amplitude when CARRIER is fully CW or 
fully CCW. Also observe phase reversal as the CARRIER control 
passes through '0.' 

MODULATION (Model 119M only) 

Adjust CARRIER for 5V P-P output. Apply a 5V P-P 400 Hz 
triangle or sinewave to the 119M rear-panel AM input. Rotate 
MODULATION clockwise and observe a 200 kHz carrier mod
ulated by a 400Hz tone. Note that the MODULATION control sets 
the modulation percentage. Rotate CARRIER to '0' and observe 
a double-sideband suppressed-carrier signal. 

REMOTE CONTROL OF AMPLITUDE (Model 119M only) 

With the AM pushbutton disengaged, set up the generator for the 
frequency, waveforms, and maximum amplitude desired. 

Engage the AM pushbutton. With the MODULATION control off 
(CCW}, adjust the carrier control for minimum output. 

Apply your maximum external control voltage to the rear panel 
AM input, and slowly increase the MODULATION control setting 
until the desired maximum output signal is obtained. Note: When 
the MODULATION control is set to MAX (CW), approximately 5V 
of either polarity will produce the maximum output signal. 

By using a Digital-to-Analog Converter (DAC) between a com
puter port and the 119M AM input, you can program the amplitude 
with the computer. (A second DAC could be used with the VCF 
input for frequency control). 
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SWEEP RANGE (Model121 only) 

Connect the oscilloscope to the auxiliary RAMP OUTPUT on the 
rear panel. 

Select the 1 ms SWEEP RANGE. Set the rate control to the CAL 
position (MAX CW). Observe a negative sweep waveform with 
approximately 1 ms ramp time. 

RATE (Model121 only) 

Rotate the rate control and observe the ramp duration is variable 
from 1 ms to 100 ms. Select the 100 ms sweep RANGE and 
observe the ramp duration is adjustable from 100 ms to 10 sec. 

WIDTH (Model121 only) 

Connect the oscilloscope to the MAIN OUTPUT and observe a 20 
kHz triangle waveform. Select the 100 ms SWEEP RANGE and 
set the sweep rate to mid position (approx 1 sec). Set the Multi
plier to 0.2 and RANGE to 10kHz (2kHz). 

Rotate the sweep WIDTH control CW from the off position. By 
setting the sweep width properly, the main generator will sweep 
from 2kHz to 20kHz at approximately a 1 Hz rate. (As set by the 
RATE and SWEEP RANGE setting). 

By setting the Multiplier to <0.2 and increasing the sweep WIDTH 
control setting, the generator will sweep a three decade (1000:1) 
range. 
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RAMP OUTPUT (Rear Panel Model121 only) 

Connect the oscilloscope to the ramp output on the rear panel and 
observe a negative ramp (sweep waveform). 

RAMP SYNC OUTPUT (Rear Panel Model121 only) 

Connect the oscilloscope to the Ramp Sync output on the rear 
panel and observe a positive pulse coincident with the ramp fall 
time. 



SECTION3 

SPECIFICATION VERIFICATION 
GENERAL 

This procedure will ensure that the instrument is operating prop
erly and within its specifications. If any reading is not within 
tolerance, refer to the Calibration Procedure. 

If the instrument fails to operate properly, refer to the Trou
bleshooting Procedure. 

PREPARATION 

Allow at least 30 minutes warm-up time before checking specif
ications or attempting to re-calibrate. 

PROCEDURE 

Connect the test equipment as shown in the table for each accu
racy check. Set all controls as indicated in each table and perform 
the measurements as called out in each case. 

EQUIPMENT 

Table 3-1 is a list of test equipment necessary for complete specif
ication verification or calibration. 

Table 3-1 Required Test and Calibration Equipment 

EQUIP REQUIRED SPECS 

Bandwidth >20 MHz 
Rise Time <1 0 ns 

Oscilloscope Vert. Accuracy ±3% 
Horzi. Accuracy ±5% 

Frequency Freq. Accuracy ±.1% 
Counter Freq. Response >10 MHz 

Voltage >10V Output (Variable) 
Source Well Regulated 

Freq. Response 
Distortion >100KHz 
Analyzer Residual Distortion <.1% 
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Set controls as indicated below for all accuracy checks unless 
indicated otherwise in the table. 

POWER ON 

RANGE REFER TO TABLES 

MULTIPLIER REFER TO TABLES 

RAMP/PULSE NORM (OUT) 

FUNCTION /'y 

VAR RAMP/PULSE CAL (MAX CCW) 

DC OFFSET OFF 

AMPLITUDE MAX (MAXCW) 

ATTENUATOR (Option A) OdB 

WIDTH 
OFF} 

RATE CAL MODEL 121 ONLY 

SWEEP RANGE 1 ms 

AM OFF 

} MODEL 119M ONLY CARRIER '0' 

MODULATION OFF 
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Table 3-2 Frequency Accuracy 

Frequency Measured Frequency Time Period Measured Time Period 
Range Mult. Setting Max. Min. Should Be Max. Min. 

1M* 2.0 MHz 2.10to1.90MHz 0.50 ,_,.,s 0.526 to 0.476 ,_,.,s 

100K 200kHz 210 to 190kHz 5.0 ,_,.,s 5.26 to 4.76,_,.,s 

10K 20kHz 21.0 to 19.0 kHz 50 ,_,.,s 52.6 to 47.6 ,_,.,s 

1K 2.0 2.0 kHz 2.10 to 1 .90 kHz 0.50ms 0.526 to 0.476 ms 

100 200Hz 210to190Hz 5.0ms 5.26 to 4. 76 ms 

10 20Hz 21.0 to 19.0 Hz 50ms 52.6 to 47.6 ms 

1 2.0 Hz 2.10 to 1.90 Hz 0.50sec 0.526 to 0.476 sec 

1M* 200kHz 300 to 1 00 kHz 5.0 ,_,.,s 3.33 to 10.0 ,_,.,s 

100K 20kHz 30 to 10kHz 50 /-LS 33.3 to 100 ,_,.,s 

10K 2.0 kHz 3.0 to 1 .0 kHz 0.5ms 0.333 to 1.0 ms 

1K 0.20 200Hz 3( J to 100Hz 5.0ms 3.33 to 10.0 ms 

100 20Hz 30 to 10Hz 50ms 33.3 to 100 ms 

10 2.0Hz 3.0 to 1.0 Hz 0.50s 0.333 to 1.00 s 

1 0.20 Hz 0.30 to 0.10 Hz 5.00s 3.33 to 1 0.0 s 

(Continued on Next Page) 

*There is no 1M range with option B. 
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Table 3-2 Frequency Accuracy (Continued) 

Frequency Measured Frequency Time Period Measured Time Period 
Range Mult. Setting Max. Min. Should Be Max. Min. 

1M* 1000kHz 11 00 to 900 kHz 1.00 f.1S 1.11 to 0.909 fLS 

100K 100kHz 110 to 90kHz 1 0.0 f.1S 11.1 to 9.09 f.1S 

10K 10kHz 11.0 to 9.0 kHz 100 fLS 111 to 90.9 fLS 

1K 1.0 1000Hz 11 00 to 900 Hz 1.00 ms 1.11 to 0.909 ms 

100 100Hz 110 to 90Hz 10.0 ms 11 .1 to 9.09 ms 

10 10Hz 11.0 to 9.0 Hz 100ms 111 to 90.9 ms 

1 1.0 Hz 1.10 to 0.90 Hz 1.00 s 1.11 to 0.909 s 

*There is no 1M range with option B. 

SET FOR SQUARE WAVE 
MAX OUTPUT FREQUENCY COUNTER 

CJ ~ 

I I @o 0 0 0 0 0 
00 CJ 00 ( ~ 0 

50!1 TERMINATION 
(600!1 with option K) 
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Table 3-3 Frequency Range 

Range Multiplier Frequency Must Be Time Period Must Be 

1M* MaxCW >2.00 MHz <0.500 /lS 

1 <0.20 <0.2000Hz >5.000 s 

*Use the 1 OOk range on instruments with option B. (>200kHz <5.0 fLS) 

SET FOR SQUARE WAVE 
MAX OUTPUT FREQUENCY COUNTER 

c t:::J 

I I @o 0 0 0 0 0 
00 CJ () 0 0 0 

50!1 TERMINATION 
(600!1 with option K) 
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Table 3-4 VCF (Voltage Controlled Frequency) 

VCF Measured 
Range Mult. Input Voltage Voltage Tolerance Frequency Measured Time Period 

100K 2.0 OV :t250 mV 200kHz :t5% 5.0 f.LS :!::5% 

100K 2.0 See Note: +10 VDC :t1VDC 200Hz :t5% 5.0 ms :t5% 

Note: Apply a Positive Voltage at the VCF input (Approx +10 VDC) 
until a Frequency of 200 Hz :t5% is obtained. 

c c::::::::::l SET FOR 
SQUARE ( I 0 0 0 @ 0 PULSE 0 WAVE 

()(~0000 
MAX <el 0 OUTPUT 

FREQUENCY COUNTER 

50!1LOAD 
(600!1 with option K) 

[]]~~ VARIABLE VOLTAGE 
SOURCE 0 to 11 VDC 

I 
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Table 3-5 Main Output Amplitude 

Range Mull Function Amplitude vpp Voltage Tolerance Output Load 

'1... :_::::20 V P-P 

'V Max (CW) 2_:20 V P-P 

1K 2.0 
rv :2::20 V P-P Open Ckt 
'1... <632 mV P-P 

'V Min (CW) <632 mV P-P 

rv <632 mV P-P 

Ogo CJ c:::::J 

@ 0 0 ouTPUT OSCILLOSCOPE 
00c:::J "')O 

00 00 
GND 

~0 0 
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Table 3-6 DC Offset (Main Output) 

Range Mult Function Amplitude DC Offset Output Voltage Tolerance 

MaxCW + 210 VDC Open Ckt 

MaxCCW-

but NOT "OFF" 
:::::-10 VDC Open Ckt 

1K 2.0 "\,..- Min (CCW) MaxCW + 
25 VDC into 50!1 Load 

(600!1 load with option K) 

MaxCCW- :?:-5 VDC into 50!1 Load 
but NOT "OFF" (600!1 load with option K) 

Ogo 
OSCILLOSCOPE 

CJ c:::::::J 

@o Q ou'T'PUT 
00 00 

00 CJ () 0 ( ~ 0 0 

GND 
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Table 3-7 Sine Distortion 

Range Mult Function Measured Sine Distortion 

2.0 
100K 

0.20 

2.0 
10K 

0.20 

2.0 
1K 

0.20 

2.0 
<1% Sine Distortion 100 ('....) 

0.20 

2.0 
10 

0.20 

2.0 
1 

0.20 

2.0 All Harmonics >30 dB down Note: Disconnect Distortion Analyzer 
1M* 

0.20 Before Connecting Spectrum Analyzer 

*There is no 1M range with option B. 
(Continued on Next Page) 
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Table 3-7 Sine Distortion (Continued) 

c r::::::::::J 

@ 0 0 OUTPUT 

00 t::J 00 
HI OUTPUT 

HARMONIC DISTORTION ANALYZER 

0 ~~ 0 

0 

0 

SPECTRUM ANALYZER 

D 0 1 

0 0 0 

0 0 0 0 0 

0 

0 50!1 
INPUT 

(600!1with 
option K) 



Table 3-8 Sine Frequency Response 

Range Mult Amplitude Sine Amplitude Tolerance 

10K Reference Value 

100K 2.0 Max CW Reference Value ±0.1 dB (±1.15%) 

1M* Reference Value ±0.5 dB ( ±5.92%) 

*There is no 1M range with option B 

0 0 
00 

OSCILLOSCOPE 

0 c=:::J 

@ 0 0 oUTPUT 
00 00 

ooc no c ~ 0 0 

Use 50!1 termination 
GND on oscilloscope input 

(600!1 with option K) 

25 



Table 3-9 Squarewave Rise and Fall Time 

Range Mult Amplitude Function Rise Time Fall Time Square Aberrations 

100K 2.0 10V P-P n. <100ns <100ns < ±5% of P-P Amp or ±0.5V 

Qgo 
OSCILLOSCOPE 

c c:=:::J 

@ 0 0 oUTPuT 00 00 
0 0 c:::J <W 0 00 0 

Use 50!1 termination 

GND on oscilloscope input 
(600!1 with option K) 
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Pulse Amplitude 
Range Mult Nominal Range 

+3.5V >+3V 
ov <+0.8V 

100K 2.0 
+5V >2.0V 

+0.7V <+0.8V 

0 

Table 3-10 Pulse Output 

Maximum Transition 
Times 

25 ns 

25 ns 

Pulse Output Load 

Open Circuit 

20TIL Loads 
131 fl Res From Pulse 
Output to +5.0 VDC 

SET UP FOR 20 TTL LOAD 
MEASUREMENT 

0 
00 000 

0 
00 00 131!1 

SET UP FOR OPEN CIRCUIT 

MEASUREMENT 

0 
OSCILLOSCOPE 

Nominal 
Transition Times 

10 ns 

15 ns 

VARIABLE 
VOLT SUPPLY 

+5VDC 
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Table 3-11 Ramp Time (Sweep Generator) 

Range Rate Time Interval Setting Time Interval Range 

1 ms Cal 1 ms 1.1000 ms to 0.9000 ms 

1 ms MaxCCW >100ms >100ms 

100 ms Cal 100ms 110.00 ms to 90.000 ms 

100 ms MaxCCW >10s >10s 

RAMP 
SYNC 
OUTPUT INTERVAL COUNTER (- to +) 

c c::::::J I @) 0 0 0 I 00 0 
<i> 0 00 c 00 
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Table 3-12 Sweep Width (Sweep Generator) 

Main Generator Sweep Generator Sweep Width Main Generator Frequency 

Range Mult Range Rate Width 
>1000:1 

100K MaxCCW 100 ms MaxCCW Max 3 decades <200 Hz to >200 kHz 

PULSE 
OUTPUT FREQUENCY COUNTER 

Cl c:::J 

I I @) 0 0 0 0 0 
0 <i> 0 00 c::::J 00 

-
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Table 3-13 Ramp Reset Time (Sweep Generator) 

Range Rate Ramp Time Reset Time Reset Time 

1 ms CAL 1 ms ±10% Approx. 15% of Ramp time Approx. 150 p,s 

1 ms MaxCCW >100 ms Approx. 0.15% of Ramp Time Approx. 150 p,s 

REAR PANEL 

0 0 
0 0 0 00 
<f , 0 
~ ..... 00 00 
~ 

~0 0 
PULSEOUT ,_ ~ 

OSCILLOSCOPE 
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SECTION4 

THEORY OF OPERATION 

GENERAL 

This section describes the operation in detail as well as a brief 
description relating to the Block Diagram (See Section 6). The 
drawings contained in this section also supplement the schema
tics in Section 6. 

MAIN GENERATOR: 

A DC voltage from the MULTIPLIER potentiometer is applied to 
the Summing Amplifier 0200 and 0230. The output of the Sum
ming Amplifier drives the Positive Current Source 0250, 0270 
and the Inverter 0220, 0240. The Inverter in turn drives the 
Negative Current Source 0260 and 0280. 

Two constant current sources of opposite polarity charge and 
discharge a timing capacitor producing the triangle waveform, 
Figure 4-1. 

Fig. 4-1 Triangle Waveform 

The Positive Current Source charges the timing capacitor during 
the time period To-T, causing the voltage on the timing capacitor 
to increase linearly from To toT,. At timeT,, the Diode Switch 
disconnects the Positive Current Source from the timing 
capacitor and connects the Negative Current Source. The volt
age on the timing capacitor will now discharge or decrease 
linearly until time T2 when the Diode Switch will disconnect the 
Negative Current Source and connect the Positive Current 
Source, etc. 
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R230A and R230B are equal in value and determine the positive 
and negative voltage at the Positive and Negative Current 
Sources. The VAR RAMP/PULSE potentiometer varies the voit
age and thus the current of the Positive or Negative Current 
Source depending upon the position of the RAMP/PULSE switch. 

By varying the current from one current source and not the other, 
the timing capacitor will charge and discharge at different rates 
and generate an unsymmetrical triangle waveform (Ramp) Figure 
4-2. 

r 0 r 1 r 2 

I I I 
I I I 
I I I I 

POSI ~POS i 
SOURCE I Nl'G I 

I 1 1 

~11 I 
ol'~ j_~-JEcl I 
o ~c, I I I 

NOTE· ASSUME I POS 5 TIMES I NEG 

Fig. 4-2 Unsymmetrical Triangle (Ramp) Waveform 
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The RANGE switch selects different timing resistors and timing 
capacitors to determine the frequency. A high input impedance 
BUFFER 0290, 0300A and B prevents loading of the timing 
capacitor at low timing currents. The triangle waveform is applied 
to the LEVEL DETECTOR 0300C D, E, 0330, and 0350. The 
LEVEL DETECTOR switches when the voltage at its input 
reaches a pre-determined level. The output from the LEVEL 
DETECTOR causes the Current-Source Diode-Bridge to switch, 
disconnecting one current source and connecting the other. Con
necting and disconnecting the current sources at the proper 
timing-capacitor voltage produces the triangle waveform. The 
output from the LEVEL DETECTOR also drives another diode 
switch to produce a symmetrical squarewave for use at the OUT
PUT AMPLIFIER. 

A TTL GATE is also driven by the LEVEL DETECTOR 
squarewave. The output of the TTL GATE provides a TTL pulse at 
the PULSE OUTPUT connector. 

A diode bridge shaping network uses the log curve of silicon 
diodes to simulate a sinusoidal curve. Figure 4-3. 



+ + 

Fig. 4-3 Diode Shaping Bridge 

The sine amplifier, 0400, boosts the sinewave amplitude to the 
proper level for the OUTPUT AMPLIFIER. 

A square, triangle, or sine waveform can be selected by the 
FUNCTION switch. The desired waveform is connected to the 
AMPLITUDE potentiometer. The OUTPUT AMPLIFIER, 0500 
through 0550, is a non-inverting amplifier. 

Sweep Generator: (Model121 only) 

The sweep generator uses two operational amplifiers to produce 
a free-running ramp waveform. One amplifier is an integrator 
producing the ramp waveform; the second amplifier is a level 
detector resetting the ramp at the proper time. The ramp 
waveform is connected to the VCF input of the main generator to 
provide internal sweep. A transistor provides a Ramp Sync output 
from the level detector. The ramp waveform from the integrator 
provides the auxiliary ramp output. 

CIRCUIT DESCRIPTION (Main Generator) 

The power supply shown in the Bl;ock Diagram, Figure 6-1, 
consists of a full wave unregulated +20V supply and a 
regulated ±15V supply. 

Note: Unregulated ±20V supply: Refer to the schematic diagram 
Figure 6-3. 

Line voltage is applied to transformer T100 through power switch 
S100. The Power On indicator LED (D 100) is connected to the 
-15V DC supply when S100 is in the On position. 

Jumpers B, C, D, and E provide for line voltages of 100, 115,200, 
and 230 VAG 50-60 Hz. 
NOTE: If it is necessary to change the wiring on the transformer 
primary to accept Line voltages other than 115 VAG, refer to 
Section 2 (AC Power Requirements) for the proper procedure. 
The proper wiring, jumpers, and fuse data for different line volt
ages are shown on the power supply schematic (Fig. 6-3). 
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D101, D102, D103, and D104 are a full wave rectifier converting 
the line voltage to approximately ±20V DC across filter 
capacitors C100, C101, C106, and C107. 

0100 is a dual regulator supplying ±15V DC. 

R101 and R102 are current-sensing resistors providing protection 
in the event of short circuit on one of the supplies. The short
circuit current-limit is set at approximately 200mA. Sine C Adjust 
balances the ±15V supplies. This small amount of adjustment 
(approximately ±300 mV) helps adjust the waveform symmetry 
for minimum sine distortion. 

Summing Amplifier 

Refer to Figure 6-4 (Schematic Diagram MODEL 119 and 121 
FUNCTION GENERATORS). 0200 is an operational amplifier. 
0230 is an emitter follower buffer used in conjunction with the 
operational amplifier. 0200 and 0230 are a summing amplifier 
with a closed loop gain of -1 (inverting). The MULTIPLIER, R202, 
supplies a negative voltage to the summing amplifier input (pin 2) 
through summing resistor R206. The negative voltage of approx
imately -2V to OV is inverted by the summing amplifier and 
appears as +2V to OV at 0230's emitter. 

Main Timing potentiometer R203 adjusts the voltage on the MUL
TIPLIER for frequency calibration. The frequency is dependent 
upon the voltage of the summing amplifier output. (0230 emitter). 

The frequency may be swept (adjusted) over a three decade 
range (1000:1) by the MULTIPLIER or by applying the proper AC 
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or DC voltage at the VCF input. With the MULTIPLIER set at 2.0, 
the voltage at the summing resistor R206 is approximately -2V. 
By applying approximately +10V DC at the VCF input, +2V is 
applied at summing resistor R205. The -2V from the MULTI
PLIER and the +2V from the VCF input add to provide OV at the 
summing amplifier output. This causes the frequency to decrease 
approximately three decades (1000:1). To sweep up in frequency 
rather than down, set the MULTIPLIER at maximum counter
clockwise (approximately OV at the summing amplifier output). 
This sets the frequency approximately three decades below the 
selected frequency RANGE. By applying approximately -10V at 
the VCF input, the summing amplifier output will be forced to +2V, 
causing the frequency to increase three decades (or to the 
maximum frequency indicated on the selected frequency 
RANGE). By setting the MULTIPLIER at the desired start fre
quency and applying the proper AC or DC voltage at the VCF 
input, the frequency may be swept as desired over a three
decade range. 

NOTE: The maximum and minimum frequency limits on any 
selected frequency RANGE are 0.002 and 2.0 (1000:1) on the 
MULTIPLIER dial. 

0230 provides a voltage-to-current conversion for driving the 
positive current source. 0230 converts the voltage at 0230's 
emitter to a constant current through R230A. Assume VAR 
RAMP/PULSE control is in the CAL position. By varying the 
MULTIPLIER the voltage on R231A varies, causing the current 
through R230A to vary. The current through R231A and R230A 
is equal except for a small base current for 0230 and bias 
current for 0220. 



Inverter 

The INVERTER (0220, 0240) inverts the voltage at the summing 
amplifier output (0230 emitter) and applies it across 2318 which 
is equal to R231A. 0220 is an operational amplifier connected for 
a closed-loop gain of -1 (inverting). The +2V at 0230 emitter is 
inverted and becomes -2V at 0240 emitter. 0240 is an emitter 
follower buffer used in conjunction with the operational amplifier 
0220. The voltage across R231 B is equal to the voltage across 
R231A, therefore the current through R231 B is equal to the cur
rent through R231A (assuming R250 is in the Cal position). 0240, 
like 0230, provides a voltage-to-current conversion. 

Positive and Negative Current Source 

The positive and negative current sources provide constant cur
rents for charging and discharging the timing capacitors. 

0250 and 0270 form a voltage follower. 0250 is an operational 
amplifier with very low input bias currents to prevent timing cur
rent errors. 0270 is an emitter follower providing the voltage-to
current conversion for the current source. 

0260 and 0280 perform the same function for the negative 
current source. Equal voltages appear at the current source 
inputs and outputs depending on the MULTIPLIER setting as 
previously explained. 

Since the currents through R230A and R230B are equal, the 
voltage at 0250 and 0260 inputs is equal and opposite in polarity. 
The voltage appearing at 0270 and 0280 emitters is also equal 
and opposite in polarity. 

The timing current is determined by the voltage across the timing 
resistors (R270 to R273 and R280 to R283). 

The RANGE pushbutton switches select the proper timing resis
tors and capacitors according to the frequency range selected. 

Var Ramp/Pulse 

S250 RAMP/PULSE switch and R250 VAR RAMP/PULSE con
trol are used to obtain pulse and ramp waveforms. When the VAR 
RAMP/PULSE control R250 is in the CAL position. R231A and 
R231 B are both connected to ground in either position of the 
RAMP/PULSE switch S250. 

As long as R231A and R231B are grounded, the current through 
them is equal. When the RAMP/PULSE switch is in the NORM 
position (out), R231A is grounded directly and R231B is grounded 
through R250, the VAR RAMP/PULSE control. With R250 in the 
CAL position, currents through R231A, R231 B, R230A, and 
R230B are equal; therefore the voltages at 0270 and 0280 are 
equal and opposite. A triangle waveform is produced across the 
timing capacitor. When R250 is not set to the CAL position, the 
resistance between 0240's emitter and ground is variable from 
1 K ohm to approximately 20K ohms. The voltage at 0240's emit
ter remains constant as determined by the MULTIPLIER setting. 
This causes the current through R231 B to vary over approxi
mately a 20:1 range; approximately 2mA in the CAL position (1K) 
and approximately 0.1 mA in the CW position (20K). Current 
through R231A remains constant while current through R231B is 
variable. The positive current-source voltage remains fixed and 
the negative current-source voltage is variable by the VAR 
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RAMP/PULSE control. A variable-slope ramp waveform is pro
duced in this manner. The slope of the ramp is adjusted as desired 
over approximately a 20:1 range. When the RAMP/PULSE IN
VERT switch (S250) is set to the INVERT position, the positive 
current source becomes variable and the negative current source 
remains fixed, reversing the slopes of the ramp waveform. NOTE: 
When R250 is in the CAL position, the position of S250 has no 
effect because R231A and R2318 are both grounded in either 
position of S250. 

Current-Source Diode-Switch 

A diode switch connects and disconnects the current sources. 
Output from the level detector sinks the current from either the 
positive or negative current-source. When the input to the switch
ing bridge is positive, the level indicator sinks the current from the 
negative current-source through diodes D281 and D280. This 
positive input signal reverse biases D273 and D272. The positive 
current-source now charges the timing capacitor positive. When 
the voltage on the timing capacitor reaches approximately +1V, 
the level-detector switches and the diode-bridge input switches 
negative. This negative voltage at the input to the switching 
bridge sinks the current from the positive current-source through 
D273 and D272. It also reverse biases D281 and D280. The 
negative current-source now discharges the timing capacitor. 
When the voltage on the timing capacitor reaches approximately 
-1 V, the level-detector switches and the timing capacitor charges 
positive again, etc. 
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Buffer 

0290, 0300A, and 03008 form the high input impedance buffer. 
0290 is an FET with a very high input impedance. 03008 is a 
current source supplying bias current for 0290. The ZERO 8AL 
adjust R303 sets the bias current through the FET (0290) to the 
proper level to obtain a gate-to-source voltage equal to the base 
emitter drop of 0300A. The gate-to-source voltage of the 
N-channel FET 0290 is opposite in polarity to that of the emitter 
follower 0300A. The input-to-output offset thereby is adjusted to 
OV. The emitter follower output (pin 10) drives the level detector 
and associated circuitry. 

Level Detector 

The level detector senses the voltage on the timing capacitor (the 
buffer output) and switches the diode switch to produce the 
triangle waveform. 0300C and D form a differential amplifier. 
0330E is a current source. 0330 and 0350 form a second 
differential amplifier driven from the input differential amplifier 
0300C and D. Positive feedback is applied to 0300D's base 
through the reference switching bridge (D330-D333). This posi
tive feedback and high open-loop gain provide very fast switching 
for the level detector. 0330's collector drives the reference 
switching-bridge to provide the positive and negative reference 
current through R308. When 0330 is on, the collector holds the 
reference bridge input positive. 0330 sinks the current from the 
negative supply through R335, R333, and D333. Current through 
R308, D330, R331, and R330 establishes the positive reference 
voltage (approximately +0.5V) at 0300D's base. 0330's collec
tor is also connected to the current-source switching-bridge at the 



junction of D273 and D280. This positive signal allows the timing 
capacitor to charge in the positive direction as explained in Sec
tion 4, (Theory of Operation). 

The level detector input is voltage divider R304 and R305. +1V at 
R304's input equals approximately +0.5V at 0300C's base. 
When the voltage at 0300C's base rises above the reference 
voltage at 0300D ( +0.5V), the level detector switches. 0330 will 
turn off, causing the voltage at the reference bridge (D330 to 
D333) and the current-source switching-bridge (D270 to D273 
and D280 to D283) to switch negative. This negative voltage 
causes the reference voltage at 0300D to switch negative and 
the timing capacitor to begin charging negative (discharge). 
When the timing capacitor has charged to approximately -1 V, the 
signal at 0300C is more negative than the reference voltage at 
0300D (not approximately -0.5V) and the level detector 
switches again, etc. 0350's collector supplies the squarewave 
signal to drive the Square Diode-Switch and the TTL Gate 0360. 

TTL Gate 

0360 is a Dual, 4-lnput, Positive Nand-gate providing the TTL 
PULSE OUTPUT D360, D361, and D362 provide the necessary 
level shifting of the squarewave from 0350's collector to drive the 
TTL GATE inputs (pins 1 and 9). D363 is a zener diode providing a 
+5V power supply for the TTL GATE. The two nand-gate outputs 
(pins 6 and 8) are paralleled to provide the capability of sinking 20 
TTL Gates. 

The TTL GATE output levels are approximately +3V and OV open 
circuit at 10 ns (typical) rise and fall times. The PULSE out is a 
squarewave as long as the VAR RAMP/PULSE control is in the 
CAL position. A variable pulse width and variable-duty-cycle 
pulse are easily set up using the VAR RAMP/PULSE control and 
RAMP/PULSE INVERT switch as shown in Section 2, Table 2-1. 

Squarewave Diode Switch 

The squarewave diode-switch (D356 to D359) provides a clean 
squarewave of approximately ±1V from the ±2V signal at 0350's 
collector. The signal from Q350's collector is routed through 
FUNCTION Switch S500C, activating the diode switch only when 
the squarewave is selected. The positive signal sinks the current 
through D358 and R353. The positive portion of the squarewave 
is developed across the amplitude potentiometer (R508) through 
R354, D357, and R352. The negative portion of the squarewave 
is developed across R508 through R354, D359, and R353, when 
the squarewave at 0350's collector reverses polarity. R354 pro
vides a small adjustment to calibrate the squarewave amplitude. 

Sine Shaper 

Three diode bridges produce a sinewave from the triangle 
waveform. D400, D401, and D402 are three matched sets of 4 
diodes each. The triangle waveform from the buffer output is 
connected to these three diode bridges through R400. As the 
triang'le voltage rises above OV, the current through R404 in
creases exponentially in the positive direction through D400B 
and R402 while the current through D400D and R401 is being 

37 



shunted through 0400C. When the triangle has reached its posi
tive peak, the current through R404 to the + 15V supply has 
reached maximum. The current now decreases exponentially as 
the triangle rises toward its negative peak. When the triangle has 
reached approximately OV, the current through R404 is nearly 
zero because an equal current is passing through 04000 and 
04008. As the triangle increases in the negative direction, current 
increases through 04000 and R404 exponentially. Current 
through R402 is now being shunted through 0400A as the 
triangle rises toward its negative peak. The current through R404, 
R406, and R409 increase in the positive and negative direction 
exponentially through each of the three bridges in the same 
manner. The current through each bridge is determined by their 
respective resistors, the exponential currents of the three bridges 
are summed, or added, into R410 to produce a sinewave. The 
distortion is typically 0.5%. 

Sine Amplifier 

0400 is an operational amplifier boosting the small sinewave at 
R410 to approximately 2V P-P This amplifier is connected as an 
inverting amplifier with a closed-loop gain of approximately -6. 
R416 adjusts feedback to set the sinewaVE! amplitude. The 
sinewave is then connected to the AMPLITUDE control, R508, 
when the sinewave is selected by the FUNCTION switch, 8500. 

Output Amplifier 

±20V P-P waveforms are produced by the output amplifier. 
Squarewave rise and fall times <100 ns are provided with this 
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amplifier's 200V/ f.LSec slew rate. 0500 and 0510 form the input 
differential amplifier. Feedback for this non-inverting amplifier is 
through R505. R505 and R504 form a voltage divider at 0510 (the 
inverting input), establishing a closed-loop gain of approximately 
10. 0520 and 0530 are constant-current sources driving bias 
diodes 0520 and 0530. R522, R523, and R531 are a voltage 
divider providing the bias voltage for 0520 and 0530. R530 sets 
the current for 0530 a few milliamps less than the current for 
0520. 0510 supplies a current equal to the current difference 
between 0520 and 0530. 0540 and 0550 form a 
complementary-output emitter-follower. A positive-going signal at 

0500's base will cause 0500's, collector current to increase and 
0510's collector current to decrease. A decrease in current from 
0510 causes excess current from the 0520 current source to 
raise the voltage at 0540's, and 0550's bases. Negative feed
back from the output emitter-followers through R505 to the base 
of 0510 maintains an output signal10 times the input signal. As 
the input signal becomes negative. osoo·s collector current de
creases and 0510's collector current increases. As 0510's collec
tor current increases, the current from 0520's, collector becomes 
less than the current from 0530 and the output follows the input 
negative. Negative feedback maintains the output at 10 times the 
input signal as previously explained. R542 and R543 provide a 
son output impedance and short-circuit protection. 

LO Output 

R544 to R548 make the output attenuator for the LO OUTPUT. 



Attenuator (Option A) 

The LO OUTPUT is replaced by a switch providing 0-20-40 dB 
attenuation. 

MODULATOR: (Model 119M only} 

When in the AM mode, the modulator circuitry is inserted between 
the FUNCTION switch and the AMPLITUDE control. U1 is a 
4-0uadrant multiplier. The signal from the FUNCTION switch is 
the carrier and is applied to one input of U1. The modulating signal 
from the AM INPUT is applied to the other input. When the 
CARRIER control is centered it applies OV to U1 pin 8. U1 is then a 
balanced modulator, suppressing the carrier when there is no 
voltage at the AM INPUT. When the CARRIER control is not 
centered, it applies a voltage to pin 8 and U1 then is an amplitude 
modulator. 

The differential output of U1 is applied to the inputs of differential 
op-amp U2. U2 shifts the level to remove DC offset and converts 
the signal to a single-end output. The output is then applied to the 
AMPLITUDE control. 

When the generator is not in the AM mode, the signal from the 
FUNCTION switch bypasses the modulator. 

SWEEP GENERATOR (Model121 only) 

Integrator 

0700 is an operational amplifier used as an integrator. Timing 
current is supplied from the rate control (R702) and timing resistor 
R701. R704 (Ramp Timing) adjusts the ramp duration during 
calibration. A bottoming resistor R703 limits the Variable Sweep 
RATE to 100:1. 

C701 and C702 provide two sweep rate ranges (1 ms and 100 
ms). 

The timing current is supplied from the +15V supply. The inte
grator output charges the timing capacitor negative at a rate 
determined by the RATE control setting and the selected timing 
capacitor. When the integrator output reaches approximately 
-2.5V, the level-detector switches negative. 0710 turns on 
through R710, discharging the timing capacitor at a much faster 
rate, providing a reset time of about 15%. 

Level Detector (121) 

0720 is an operational amplifier connected as a level detector. 

Assume 0720's output is NEGATIVE initially. 0710 will turn on 
causing the integrator output to charge positive (ramp reset). The 
negative output of 0720 reverse biased by approximately -12V. 
Pin 2 of 0720 is grounded. The output of 0720 will remain 
negative until the input on Pin 3 becomes more positive than Pin 
2. When the Ramp has reset to approximately OV, the output of 
0720 will switch positive. 
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When 0720 switches positive, 0710 is turned off allowing the 
integrator output to charge negative. The positive output of 0720 
also reverse biases 0721. With 0721 reverse biased, R721 pro
vides a positive input current to 0720 Pin 3. The output of 0700 
now charges negative until the negative input current through 
R720 is greater than the positive input current through R721. 
0720 then switches negative, turning on 0710 etc. R720 and 
R721 establish the ramp amplitude at approximately -2.5V. 

Reset (121) 

0710 provides a fixed reset-current to reset the ramp waveform. 
This current provides approximately a 15% reset time when RATE 
is set for maximum timing current (CAL position). When RATE is 
set fully CCW (100:1) the timing current is 100 times smaller than 
in the CAL position. This then provides a reset time of approxi
mately 0.15%. 

Ramp Sync {121) 

0730 provides a +5V (approximately) pulse output coincident 
with the reset of the ramp. When 0720's output is positive, 0730 
will be turned 'on,' pulling the Ramp Sync output signal near 
ground. When 0720's output is negative, 0730 will be reverse 
biased. R731 and R732 are voltage divider providing approxi
mately +5V at the Ramp Sync output when 0730 is 'off.' 

Ramp Output (121) 

The negative ramp from 0700 is connected to the Ramp output 
through R740. 
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SECTIONS 

MAINTENANCE 
FUSE REPLACEMENT 

If for some reason the fuse blows, first try to determine the cause 
of the failure and repair it. 

The proper size fuse is listed on Figure 6-3. 

NOTE: Replace ONLY with the proper size fuse to prevent 
damage to the instrument. 

Fig. 5-1 Retaining Screw Removal 

DISASSEMBLY FOR CALIBRATION 

(a) Remove the retaining screws on the rear bezel which secure 
the top cover, Figure 5-1. 

(b) Push up on the two tabs from which the retaining screws are 
removed to loosen the cover. Lift the rear of the top cover away 
from the rear bezel, Figure 5-2. 

(c) Push the cover away from the front bezel, Figure 5-3. 

Fig. 5-2 Top Cover -Mounting Tabs Removed 
from Rear Bezel 
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This provides access to all Model119 calibration adjustments. To 
access the 119M and 121 calibration adjustments, remove the 
bottom cover in the same manner. 

Fig. 5-3 Top Cover Removal 

42 

DISASSEMBLY FOR PARTS REPLACEMENT 

Remove the top and bottom cover as described under disassem
bly for calibration. With the top and bottom covers removed, both 
sides of the printed circuit board are accessible for parts re
placement or troubleshooting. 

REASSEMBLY 

The top and bottom covers are reassembled simply by reversing 
the disassembly procedure. 

CALIBRATION 

Required Equipment 

The equipment required for calibration is listed in table 3-1. 

Preparation For Calibration 

Perform Section 5 (Disassembly for Calibration). 

Apply power to the generator arid allow at least 30 minutes 
warm-up time. 

All adjustments are labeled on the top of the PC boards to help 
locate them. Refer also to Figure 5-4 (Adjustment Location). 
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Procedure 

Set all controls as follows unless otherwise indicated: 

POWER ON 

RANGE-Hz 1K 

MILTIPLIER 2.0 

RAMP/PULSE NORM (OUT) 

FUNCTION rv 
VAR RAMP/PULSE CAL 

DC OFFSET OFF 

AMPLITUDE MAX (CVV) 

ATIENUATOR (Option A) OdB 

WIDTH OFF 

RATE CAL } 121 ONLY 

SWEEP RANGE 1 MS 

AM OFF 

} 119MONLY CARRIER '0' 

MODULATION OFF (CCW) 
44 

Zero Balance 

Connect a jumper from the main-output ground to the jumper 
marked SJ (summing junction) on the PC board, Figure 5-4. 
Using a voltmeter, DVM, or oscilloscope. adjust ZERO BAL to 
obtain OV ±25mV at 0300 pin 10, Figure 5-4. Remove the 
jumper and proceed with the next step. 

1000:1 Symmetry Adjust 

Set the MULTIPLIER to the MAX CCW end of rotation. Select the 
100kHz RANGE and the triangle waveform. Observe the triangle 
waveform on an oscilloscope connected to the main OUTPUT. 
Set the horizontal sweep rate of the oscilloscope to 0.5 ms/Div. 

Adjust SYM A and SYM B to obtain one complete symmetrical 
triangle across the CRT (10 Div). 

NOTE: 5 ms =200Hz (1000:1) 

Sine Distortion 

Connect a distortion analyzer to the main OUTPUT and monitor 
the harmonic distortion. 

Adjust Sine A, B, and C adjusts to obtain minimum sine distortion. 
Typically 0.5%. 

Main Timing 

(a) Connect a frequency counter to the PULSE output and 
monitor the frequency. 



With the MULTIPLIER set at 2.0 and the 1k RANGE selected, 
adjust the MAIN TIMING to obtain *2kHz ±1 %. 

NOTE: Be sure the VAR RAMP/PULSE CONTROL is in the CAL 
position. 

(b) Set the MULTIPLIIER to 0.2 and observe *200 Hz ±10% on 
the frequency counter. 

NOTE: If the frequency at the 0.2 end of the MULTIPLIER is out of 
tolerance, or it becomes necessary to re-set the MULTIPLIER 
knob; refer to Section 5 (multiplier alignment procedure) for the 
proper procedure to re-align the MULTIPLIER knob. 

(c) Select the 1M RANGE and set the MULTIPLIER to 2.0. Adjust 
the 2 MHz trimmer capacitor to obtain *2 MHz ±1 %. 

*This is tighter than the 5% of full scale specification. 

Output Amplitude 

Select the 1 K RANGE. Connect an oscilloscope to the main 
OUTPUT through a 50f! terminator and observe a triangle 
waveform 1 OV P-P. 

Select the sine waveform and adjust the SINE AMPLITUDE 
for 1 OV P-P. 

Select the square waveform and adjust the SO AMP adjust for 
1 OV P-P. 

NOTE: A small amount of DC offset may exist from one waveform 
to another, however, the DC OFFSET control allows the DC level 
of all waveforms to be set as desired. 

CALIBRATION PROCEDURE M OPTION 

Connect an oscillosocpe to HI OUTPUT 
(a) With the AM switch off, set FUNCTION to triangle, 

AMPLITUDE to full scale, (ATTENUATOR to "OdB," for 
119MA), RANGE to 100Hz, dial to 2.0, VAR RAMP/ PULSE to 
CAL, MODULATION fully CW. 

(b) Adjust DC OFFSET control for symmetrical peaks about 
ground ±100 mV. 

(c) Depress AM switch, adjust CARRIER level for minimum sig
nal at output. Locate "DC BAL" adjustment on the AM board, 
and set if for OV at OUTPUT, ±50 mV DC. 

(d) Rotate CARRIER level from CCW to CW several times as 
necessary, adjusting "Carrier BAL" on AM board for equal DC 
levels. 

(e) Rotate CARRIER CCW, and record voltage P-P. Rotate 
CARRIER CW, and do the same. Adjust "Peak Amplitude" for 
the larger of the two P-P readings. Amplitude should be the 
same as when the AM switch is off. 

Ramp Timing (Model121 only) 

(a) Connect a timer/counter to the Ramp Sync output. Set the 
counter to measure the interval from -slope to +slope. 

(b) Adjust the Ramp Timing adjust to obtain 1 ms +1 0% 
and 100 ms ±10% with the RATE control in the CAL position. 
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TROUBLESHOOTING 

A troubleshooting chart of symptoms and probable causes is 
provided, Table 5-1. 

The table indicates the circuit most likely at fault and test points to 
check for proper operating voltage and waveforms. The pages of 
the theory section describing the circuit operation are also indi
cated. 

Procedure 

(a) Determine the exact nature and extent of the problem by 
performing the SPECIFICATION VERIFICATION PROCE
DURE in Section 3 and noting which instrument operations 
fail to perform properly. 

(b) With power removed, perform the disassembly procedure 
described in Section 5, (Disassembly for Calibration). 

(c) According to the information obtained in step (a), find the 
symptoms in Table 5-1 most nearly describing the problem 
observed. I hen pertorm the appropriate troubleshooting op
erations. 

NOTE: The data provided in the troubleshooting chart is with the 
controls set as follows: 

POWER ON 

RANGE 1K 

MULTIPLIER 2.0 

RAMP/PULSE NORM (OUT) 

FUNCTION rv 
VAR RAMP/PULSE CAL (MAX CCW) 

DC OFFSET OFF 

AMPLITUDE MAX 

ATIENUATOR (option A) 0 dB 

WIDTH OFF 

} RATE CAL MODEL 121 ONLY 

SWEEP RANGE 1 ms 

AM OFF 

CARRIER '0' } MODEL 119M ONLY 

MODULATION OFF (CCW) 



Table 5-1 Troubleshooting Procedure 
. 

Reference 
Symptom Probable Cause Circuit Test Point Signal Page No. 

+20V +20V ±5V 

No Power -20V -20V ±5V 33,58 

On Indication No Power Power Supply +15V +15V ±1V 

-15V -15V ±1V 

0500 Base rv 1V P-P 

0520 Emitter +12.8 VDC 

Output 0530 Emitter -13 VDC 
38,57 

No Output Faulty Component Amplifier 0540 Collector +14.9 VDC 

0550 Collector -14.9 VDC 

0270 Emitter +9VDC 
35, 56 

0280 Emitter -9VDC 

Generator Loop Current Sources 0230 Collector +9VDC 
Not Running Buffer and 

Level Detector 0240 Collector -9VDC 35, 56 

0230 Emitter +2.2VDC 

0290Gate SJ ±1V 36,56 

(Continued on Next Page) 47 



Table 5-1 Troubleshooting Procedure (Continued) 

Symptom Probable Cause Circuit Test Point Signal Reference 
Page Number 

0300A Emitter ±1V 36, 56 
Current Sources 

No Output Generator Loop Buffer and 0300C D Collector +4.35 VDC Cont'd Not Running Level Detector 
0300 C D Emitter -0.5 VDC 36,57 

0300, 0350 Emitter +4.78 VDC 

AM switch engaged 
With CARRIER control 

centered and no 
modulating signal 

No Output 
AM Switch TP5, TP6 119M only 
defective Modulator (AM switch) 2V P-P 39, 59 

Modulator U2 pin6 up to 2V P-P 

Components Modulator 39,59 
U1 pin 2 up to 350 mV P-P 

(Continued on Next Page) 
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Table 5-1 7i'oubleshooting Procedure (Continued) 

Symptom Probable Cause Circuit Test Point Signal 
Reference 
Page No. 

R501 Slider OV ±0.5 VDC 

Output Excessive DC Output 0510 Base rv ±0.5V 38, 57 
Waveforms Offset Amplifier 

Clipped 0500 Base rv ±1V 

Low Voltage Power Supply See Power 
33, 58 Supply 

R419 fV 2V P-P 

No Sinewave, Faulty R410 fV 150mV P-P 

Triangle & Component Sine Amplifier 0400 pin 3 & 4 OV ±250mV 
37,38, 57 

Square OK R400 Av 2VP-P 
Intermittent 

S500 
S500ANO rv 2V P-P 38, 57 

Function SW S500Aarm rv 2V P-P 

Faulty Comp 
SO Wave 0356 Cathode Jl... 4V P-P 

No Square Diode Switch D357 Cathode Jl... 2VP-P 
Wave S500DArm Jl... 4VP-P 

37,57 
Triangle Intermittent 

S500 S500DN.O. Jl... 4VP-P 
&SineOk Function SW SSOOCN.O. Jl... 2VP-P 

S500CArm Jl... 2V P-P 

(Continued on Next Page) 
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Table 5-1 Troubleshooting Procedure (Continued) 

Symptom Probable Cause Circuit Test Point Signal 
Ref. 

Page 

D360 Cathode _n_ ±2V 

0360 Pin 1 & 9 _n_ +1.6V 
OV No Pulse Output FaultyComp Pulse Output 57 

0360 Pin 14 +5V ±0.5V 

0360 Pin 6&8 _n_ +3V 
OV 

Multiplier Internal Sweep Generator 
I 

Set at 2.0 Sweeps Up Only I 

MODEL 121 Width Control 

No Internal In Off Position 

Sweep, 
Width Control External Defective Sweep S722 Max. -2.5V Sweep OK Switch Generator Contacts ov 

39,60 

Defective Sweep Aux. Width Control 
Component Generator Ramp Out. Max. -2.5V 

OV 

(Continued on Next Page) 
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Table 5·1 Troubleshooting Procedure (Continued) 

Symptom I Probable Cause I Circuit 

No No signal 
Modulation applied to 

AM INPUT 

119M only MODULATION 
control in off 

position 

U1 defective t 

MULTIPLIER ALIGNMENT PROCEDURE 

If it becomes necessary to re-align the MULTIPLIER knob with the 
potentiometer shaft for any reason, perform the following: 

POWER 

RANGE 

ON 

10K 

VAR RAMP/PULSE CAL 

DC OFFSET OFF 

I I I Reference 
Test Point Signal Page No. 

A modulating signal must be applied from an 
external source 

I U1 pin 4 I Up to 5V P-P I 59 

(a) Connect a frequency counter to the PULSE output and 
monitor the frequency. 

(b) Loosen the two allen screws in the MULTIPLIER knob and 
remove the knob and dial skirt assembly from the MULTI
PLIER potentiometer shaft. Figure 5-5. 

(c) Rotate the potentiometer shaft CCW until a frequency of 2 
kHz ±1% is obtained. 

(d) Place the MULTIPLIER knob and dial skirt on the shaft with 
the index mark on the front panel. Figure 5·6. 
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(e) Tighten one allen screw while holding the dial skirt in align
ment with the index mark. NOTE: Be sure the frequency 
counter reads 2kHz ±10% before tightening the allen screw. 

(f) Set the MULTIPLIER to 2.0 and adjust the MAIN TIMING to 
obtain 20 kHz ±1% if necessary. 

Fig. 5-5 
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(g) In some cases it may be necessary to repeat steps (b) through 
(f) until both ends of the MULTIPLIER dial read correctly. 

(h) Tighten the remaining set screw. 

Fig. 5-6 
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SCHEMATICS 

53 



54 

vcr>----. 
INPUT 

~j:_ 
I WUL TIPLt[A I 

6 
6 

~ I RANGE 

I 

' 

:. j 

Fig. 6-1 

II~VA.C 

Block Diagram 

-~~-\j 

,-~-'=:+-- 0+----<;J 
I \-f 0 I 

+----- I --<J 

<_OU TPU 

f--~----<( P jl S£ OUT 



55 



56 

112'00 1112~ 

VCf >;;;;~~~~ 

,~ ~r-~L>~~, 
~~11201 

·ro~p" ~~·-t"' ~ , • 

""~'' 0 \7 

_,e:· 
!'!;:'9AU..~ll~ .... ~; u'!!i!K~'H"-·~~~~H~~:t~~S£~'<~:£'~,'~:f~t~; fO[HfiiATOII CON· 

t.a.U:T .... rtiU.OIII'S ~U~·ON,It.O.NG£•111, W\.ILTI· 
fiUIIt-1.0, IU.WfVI'Vl.IE.- NOMII (OVTJ, fUNCTION· "\., v•ll 
...... .1"-"-'l·UL,DCOF,I[T-'o', ..... ~tTUO(--J< 

•·::;T;:-'1'11"-1 IKADtN&.II TAI«N .. TH DIGITAL VOLT~ 

~ALL -V[,(IIIIMI WEASUIIlO WITH taCtLUlStOf>£ 

4.\i101,.1'1ro51!1 INOIC4TUl./£., l,tNDICAT[S YOl.TACO[ WIT" 
tA!LTtiOI..Illl AT 1.0 S, IE'l I .. OIC.O.Tfl VOLT ... GE WITH 
WUI,.T ... Ltt:lll iiiT -· CCW [NO~ ~OU.t>O .. 

.. AU. VOI.TAQ( lfiU,I)tloHOS AND WAW:,OIIMS M~ FOA 
f'GWIII .... ~LV YOU'AGU Of' .t.t!>.OYOC AHO WlloV -~ ... 

L•Yif'cwtMI SHOWN .. ITH * Allf PII[SEtH ONLY WH[N 
Ted: !'UNCTION IWJTCH II II>< TH[ IQu..t>.Af(<"L).,OSITIO"' 

7 'IOI..TA,5[ AT IISO WUal N O'o' .t. !>VOC 011 CLIP PINe Of 
-V[.-oJIMI WILL OCCUR AT WA• AMPLITUDE 

.. U'I'OA, •• &C Altl SA,NG(D TOillTHU 

I •t...O.CAlE!o II[VI~ION II[OUIIIEO TOMAH 'e," OPTION 
II[VI5[ COMPQtj£tjT lll73 ... !101128Z fO 1~~ 1<r. 
!\£VIS£ COMPOf<l[tjT S210"' TO 0 IM 
DiLrTE cno 
MUCHC2,1 IO..,u TOC2,2 .... 8.C.O 

10 •• IIIIOIC ... TES IIEVISIGN II.[QUIII.EO TO Ill!""[ 'K" ()PTIOIV 
REVIS(, COIIII"cmEOjTS 11~4l ..... 0 11543 TO 121~ 1°/0 

J 
T 

7000457 REV G 



'f' 
11402 

~IL:tll 

NOfr QlOOA,d,C:,O,H 15J, 

tA:t04biNHGfOU[0 

... , 
'''" 

L ____ j ______ _ 

$C..,EMATIC 0""GIOAWI 

"'ODEL llll IIEV 1'1 

r-~~---, 

I ~~;;~~~6:_,, 
~- - - - - - ...J 

57 



58 

lPOWERl 
I 

I 

ON 

!r---{J", 

:ooFF 

' 

I 
8 
I 
I 

DIDO 10 eF t 

6 

PlOD 

WHT CI08 

.05~ 

VOLTS JUMPERS 

100 C AND D 

117 BAND C 

220 E 230 

240 E 

RIOO 
3K 
'1."---ISV 

E 

NOTE' 

I 
D 
I 
o-

4 

5 
6 

TIOO 

M 

9 

8 

7 

TRANSFORMER SHOWN WIRED FOR w 

WHT 
WIRE 

5 

6 

5 

6 

115 VAC OPERATION 

FUSE 

~A FAS·BLO 

Je A SLO·BLO 

~A SL0-8LO 

Je A SL0-8LO 

NOTES: UNLESS OTHERWISE SPECIFIED; 
1. VOLTAGES MEASURED WITH DVM AND LINE 

VOLTAGE AT 115VAC 

2. WAVEFORMS MEASURED WITH OSCILLOSCOPE 

.....-- 750MV PP AT 120HZ 

+~VDC 

RIO I 
4.7 

'\.'\ .+15VDC :t .75V 
CI04 <IOMV RIPPLE 

+6.~ 
APPROX 68MA 

4 LOA0:!:5MA 

RI04 
2 I MEG Rl04 

'V\ lOOK 
SINEC 0 II -h 1\102 CIO~ 
4·7 6.8 

'' -15V:t.7~V 
<IOMV RIPPLE 
APPROX 68MA 
LOAD± SMA 

-20VDC 

.._750MV PP AT 120HZ 

FIGURE lo-3 POWER SUPPLY 
MODEL 12i 
FUNCTION GENERATOR 



REAR 
PANEL 

FROM ORN TPB 
REAR OUT 

---j 
F"ROM TP 

MAIN PCB~ +15V 

FROM~ 
MAIN Pee..- T -15V 

FROM TP3 
MAIN PCB 

REAR 
PANEL 

NOTE 
I ALL RESISTORS ARE 114 W I% 

UNLESS OTHERWISE SPECIFIED 

Fig. 6-5 

Rl9 
121K 

Rl& 
2.00K 

Rl7 
15.0K 

R20 
2.00K 

R21 

fTcl 
~ 

+15V 

R22 
2.2\K 

C3 
22pF 

MODEL 119M 

AM PCB 

7000512 REVS 

0 
' 
"' "' N 
0 

N 

"' "' 
:;, . ~~ 8L_o_sJ X 
~ w 

f •iiJ· 
91~ J-

ltl j ~_.p--; 

C""L~~ • 1 

a.<ll =[?l"tl_j'--' <I:j 

0 - I 
f: ''1- l 

59 



60 

000 000 

+15V 

Q710 
2N4f21 -15V 

+I!)Y 

0 
-I~V 

0 

+15V 

j R7ZI 
/ 5b.21o< 
/ 

-15V 

R740 -t>f--._________ S.l~ 
~--------- ------------------~r--~~0~7~Z=Z~C~O~I~S=4~1----------------------~'' 

-15V 
R723 

IOK 

jwtDTHI 

5722 VCF INPUT 
OF"F LOCATED ON ~ - - - - y MAIN PC BRO 

~ (Q--------------u SWP ~ ON 

R731 
IOK 

ti5V 

j 
? 
? 

.7130 
RAMP SYNC 

:T740 
-----------<<AUX. RAMP 

Fig. 6-6 
SCHEMATIC DIAGRAM 
MODEL 121 
SWEEP GENERATOR 
b-b-74 REV. D 



SECTION 7 

PARTS LIST 

61 



62 



COOl CAPACITOR, 6.8 MFD 35 VOLT 2900043 100002 D282 DIODE, 1N914 1520914 7910 
C002 CAPACITOR, 6.8 MFD 35 VOLT 2900043 100002 D283 DIODE, FDH333 1520333 1295 
C003 CAPACITOR, 22PF 2810530 853 D300 DIODE, IN914 1520914 7910 
ClOD CAPACITOR, 250 MFD 25 VOLT 2?00058 10597 D301 DIODE, 1N914 1520914 7910 
CIOl CAPACITOR, 250 MFD 25 VOLT 2900058 10597 D302 DIODE, 1N914 1520914 7910 
Cl02 CAPACITOR, 1000 PF DISC 2830000 91418 D330 DIODE, IN914 1520914 7910 
Cl03 CAPACITOR, 1000 PF DISC 2330000 91418 D331 DIODE, 1N914 1520914 7910 
Cl04 CAPACITOR, 6.8 MFD 35 VOLT 2900043 100002 D332 DIODE, 1N914 1520914 7910 
C105 CAPACITOR, 6.8 MFD 35 VOLT 2900043 100002 D333 DIODE, 1N914 1520914 7910 
C106 CAPACITOR, 250 MFD 25 VOLT 2700058 10597 D334 DIODE, IN914 1520914 7910 
C107 CAPACITOR, 250 MFD 25 VOLT 2100058 10597 D335 DIODE, IN914 1520914 7910 
C290 CAPACITOR, 8-50PF TRIM 2810022 72982 D336 DIODE, IN914 1520914 7910 
C291 CAPACITOR, 100PF MICA 2810537 853 D337 DIODE, 1N914 1520914 7910 
C292 CAPACITOR, TIMING SET 2950010 10597 D338 DIODE, 1N914 1520914 7910 
C300 CAPACITOR, 47PF MICA 2810532 853 D339 DIODE, 1N914 1520914 7910 
C301 CAPACITOR, 12PF MICA 2810541 853 D350 DIODE, 1N914 1520914 7910 
C332 CAPACITOR, 0.05 UF DISCAP 2830010 91418 D351 DIODE, IN914 1520914 7910 
C334 CAPACITOR, 0.05 UF DISCAP 2830010 91418 D352 DIODE, IN914 1520914 7910 
C360 CAPACITOR, 0.01 UF DISCAP 2830005 91418 D353 DIODE, IN914 1520914 7910 
C400 CAPACITOR, 0.01 UF DISCAP 2830005 91418 D354 DIODE, IN914 1520914 7910 
C401 CAPACITOR, 0.01 UF DISCAP 2830005 91418 D355 DIODE, IN914 1520914 7910 
C402 CAPACITOR, 39PF MICA 2810531 853 D356 DIODE, 1N914 1520914 7910 
C403 CAPACITOR, 39PF MICA 2810531 853 D357 DIODE, IN914 1520914 7910 
C404 CAPACITOR, 5PF MICA 2810501 853 D358 DIODE, IN914 1520914 7910 
C510 CAPACITOR, 2PF MICA 2810542 10597 D359 DIODE, IN914 1520914 7910 
C520 CAPACITOR, 6.8 MFD 35 VOLT 2900043 100002 D360 DIODE, IN914 1520914 7910 
C530 CAPACITOR, 6.8 MFD 35 VOLT 2900043 100002 D361 DIODE, IN914 1520914 7910 

C530 CAPACITOR, 0.05 UF DISCAP 2830010 91418 D362 DIODE, IN914 1520914 7910 

C540 CAPACITOR, 0.05 UF DISCAP 2830010 91418 D363 DIODE, 1N758 1520758 1295 

C551 CAPACITOR, 0.05 UF DISCAP 2830010 91418 D400 DIODES, MATCHED SET 1N914 1530914 10597 

C701 CAPACITOR, 0.01 MFD 600V 2900019 37942 D401 DIODES, MATCHED SET 1N914 1530914 10597 

C702 CAPACITOR, IMF lOOV 2900065 10597 D402 DIODES, MATCHED SET 1N914 1530914 10597 

C703 CAPACITOR, 47PF MICA 2810532 853 D520 DIODE, IN914 1520914 7910 

DlOO LED, MLED650 1520002 4713 D530 DIODE, IN914 1520914 7910 

D101 DIODE, IN4001 1524001 1295 D720 DIODE, 1N914 1520914 7910 

Dl02 DIODE, IN4001 1524001 1295 D721 DIODE, IN914 1520914 7910 

D103 DIODE, IN4001 1524001 1295 D722 DIODE, FDH 333 1520333 1295 

D104 DIODe, IN40JI 1524001 1295 J200 JACK, BANANA BLUE 1310087 04713 

D270 DIODE, FDH 333 1520333 1295 J200 BINDING POST, BLUE 3550537 10597 

D271 DIODE, INYI4 1520914 7910 J201 JACK, BANANA BLACK 1310088 0776 

D272 DIODE, FDH 333 1520333 1295 J201 BINDING POST, BLACK 3550536 10597 

D273 DIODE, IN914 1520914 7910 J360 JACK, BANANA BLUE 1310087 04713 

D280 DIODE, FDH333 1520333 1295 J360 BINDING POST, BLUE 3550537 10597 

0281 DIODE,IN914 1520914 7910 J361 BINDING POST, BLACK 3550536 10597 
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J361 JACK, BANANA BLACK 13100BB 0776 ROOB POTENTIOMETER, 5K OHM TRIM 3110149 71450 
J540 CONNECTOR, BNC 1310047 91836 R009 POTENTIOMETER, 50K 3110339 10597 
J540 BINDING POST, WHITE 3550535 10597 ROlO RESISTOR, 49900 OHM l/4W 1% METAL FILM 3134992 7115 
J550 CONNECTOR, BNC 1310047 91836 ROll RESISTOR, 10000 OHM l/4W 1% METAL FILM 3131002 7115 
J550 BINDING POST, BLJ>CK 3550536 10597 R012 RESISTOR, 12100 OHM l/4W 1% METAL FILM 3131212 7115 
J730 JACK, BANANA BLUE 1310087 7497C R013 RESISTOR, 15000 OHM l/4W 1% METAL FILM 3131502 7115 
J731 JACK, BANANA BLACK 1310088 74970 R014 RESISTOR, 2000 OHM l/4W 1% METAL FILM 3132001 7115 
J740 JACK, BANANA BLACK 1310087 74970 ROI5 POTENTIOMETER, 5K OHM TRIM 3110149 71450 
L500 BEAD, FERRITE G303 1140034 1121 R016 RESISTOR, 2000 OHM l/4W 1% METAL FILM 3132001 7115 
PIOO POWER CORD. 3 WIRE 1750203 10597 ROI7 RESISTOR, 15000 OHM l/4W 1% METAL FILM 3131502 7115 
QIOO INTEGRATED CIRCUIT, MCI468L 1584502 1295 R018 RESISTOR, 1210 OHM I/4W 1% METAL FILM 3131211 7115 
QI02 TRANSISTOR, 2N4918 1564918 1295 R019 RESISTOR, 1210 OliM l/4W 1% METAL FILM 3131211 7115 
Q200 OPERATIONAL AMPLIFIER, UA741 1580010 7263 R020 RESISTOR, 2000 OHM l/4W 1% METAL FILM 3132001 7115 
Q220 OPERATIONAL AMPLIFIER, UA741 1580010 7263 R021 POTENTIOMETER IK OHM TRIM 3110147 71450 
Q230 TRANSISTOR, 2N2484 1562484 7263 R022 RESISTOR, 2210 OHM l/4W 1% METAL FILM 3132211 7115 
Q240 TRANSISTOR, 2N4250 1564250 7263 RIOO RESISTOR, 3000 OHM l/4W 5%CARBON 3070302 1121 
Q250 INTEGRATED CIRCUIT, LM312 1580312 10597 RIO! RESISTOR, 2.0 OHM l/2W 5% CARBON 3010020 1121 
Q260 INTEGRATED CIRCUIT, LM312 1580312 10597 RI02 RESISTOR, 2.0 OHM l/2W 5% CARBON 3010020 1121 
Q270 TRANSISTOR, 2N4250 1564250 7263 RI03 RESISTOR, 1M OHM I/4W 5% CARBON 3070105 1121 
Q280 TRANSISTOR, 2N2484 1562484 7263 Rl04 POTENTIOMETER, lOOK OHM TRIM 3110143 71450 
Q290 TRANSISTOR, 2N5485 1565485 4713 RI05 RESISTOR, 75 OHM I/4W 5% CARBON 3070750 7115 
Q300 INTEGRA TED CIRCUIT, CA3046 1580043 1295 R200 RESISTOR, IOK OHM l/4W 5% CARBON 3070103 1121 
Q330 TRANSISTOR, 2N4121 1564121 7263 R201 RESISTOR, 2700 OHM l/4W 5% CARBON 3070272 1121 
Q350 TRANSISTOR, 2N4121 1564121 7263 R202 POTENTIOMETER, 5K 3110340 10597 
Q360 INTEGRATED CIRCUIT, SN7420N 1580033 1295 R203 POTENTIOMETER, 20K OHM PC TRIM 3110131 78488 
Q400 OPERATIONAL AMPLIFIER, CA3030A 1580008 2735 R204 RESISTOR, 15K OHM 1/4 5% CARBON 3070153 7115 
Q500 TRANSISTOR, TIS87 1560087 1295 R205 RESISTOR, lOOK OHM I/4W 5% CARBON 3070104 1121 
Q510 TRANSISTOR, TIS87 1560087 1295 R206 RESISTOR, lOOK OHM l/4W 1% METAL FILM 3131003 7115 
Q520 TRANSISTOR, 2N4121 1564121 7263 R207 RESISTOR, 33.2K OHM I/4W 1% METAL FILM 3133322 1121 
Q530 TRANSISTOR, TIS87 1560087 1295 R208 POTENTIOMETER, !OK OHM TRIM 3110150 71450 
Q540 TRANSISTOR, 2N2219 1562219 1295 R209 RESISTOR, lOOK OHM 1/4 W 1% METAL FILM 3131003 7115 
Q550 TRANSISTOR, 2N2905 1562905 1295 R210 RESISTOR, lOOK OHM I/4W 1% METAL FILM 3131003 7115 
Q700 OPERATIONAL AMPLIFIER, UA741 1580010 7263 R220 RESISTOR, lOOK OHM l/4W MATCHED 3121003 10597 
Q710 TRANSISTOR, 2N4121 1564121 7263 R221 RESISTOR, 49.9K OHM I/4W 1% METAL FILM 3134992 1121 
Q720 INTEGRATED CIRCUIT, CA3080 1583080 2735 R222 POTENTIMETOR, !OK OHM TRIM 3110150 71450 
Q730 TRANSISTOR, MPS3646 1563646 4713 R230 RESISTOR, 3010 OHM MATCHED 3123011 10597 
ROO! RESISTOR, 1000 OHM l/4W 1% METAL FILM 3131001 7115 R231 RESISTOR, 1000 OHM MATCHED 3121001 10597 
R002 RESISTOR, 1500 OHM l/4W 1% METAL FILM 3131501 7115 R250 POTENTIOMETER, 20K 3110341 10597 
R003 RESISTOR, 7500 OHM l/4W 1% METAL FILM 3137501 7115 R260 RESISTOR, 15 OHM I/4W 5% CARBON 3070150 1121 
R004 RESISTOR, 3900 OHM l/4W 5% CARBON 3070392 1121 R270 RESISTOR, 750K OHM I/4W 1% METAl FILM 3137503 7115 
R005 RESISTOR, 49900 OHM I/4W 1% METAL FILM 3134992 7115 R271 RESISTOR, 75K OHM I/4W 1% METAL FILM 3137502 7115 
R006 POTENTIOMETER 50K 3110339 10597 R272 RESISTOR, 7500 OHM I/4W 1% METAL FILM 3!37501 7115 
R007 RESISTOR, !OK OHM I/4W 1% METAL FILM 3!31002 7115 R273 RESISTOR, 4990 OHM I/4W 1% METAL FILM 3134991 7115 

R273 RESISTOR, 75K OHM. l/4W 1% METAL FILM 3!37503 7115 
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R280 RESISTOR, 750K OHM 1/4W 1% METAL FILM 3137503 7115 R414 RESISTOR, 150 OHM 1/4W 5% CARBON 3070151 1121 
R2B1 RESISTOR, 75K OHM 1/4W 1% METAL FILM 3137502 7115 R415 RESISTOR, 680 OHM 1/4W 5% CARBON 3070681 1121 
R282 RESISTOR, 7500 OHM 1/4 1% METAL FILM 3137501 7115 R416 POTENTIOMETER, 1 K OHM PC TRIM 3110147 78488 
R283 RESISTOR, 4990 OHM l/4W 1% METAL FILM 3134991 7115 R419 RESISTOR, 6800 OHM l/4W 5% CARBON 3070682 1121 
R283 RESISTOR, 750K OHM 1/4W 1% METAL FILM 3137503 7115 R500 RESISTOR, 1000 OHM 1/4W 5% CARBON 3070102 1121 
R300 RESISTOR, 1000 OHM 1/4W 5% CARBON 3070102 1121 R501 POTENTIOMETER, 50K 3110339 10597 
R301 RESISTOR, 2700 OHM 1/4W 5% CARBON 3070272 1121 R502 RESISTOR, 1210 OHM l/4W 1% METAL FILM 3131211 7115 
R302 RESISTOR, 470 OHM l/4W 5% CARBON 3070471 7115 R503 RESISTOR, 8200 OHM 1/4W 5% CARBON 3070822 1121 
R303 POTENTIOMETER, 10K OHM TRIM 3110150 71450 R504 RESISTOR, 1000 OHM 1/4W 1% METAL FILM 3131001 7115 
R304 RESISTOR, 1000 OHM 1/4W 1% METAL FILM 3131001 7115 R505 RESISTOR, 9090 OHM 1/4W 1% METAL FILM 3139091 7115 
R305 RESISTOR, 1000 OHM I/4W 1% METAL FILM 3131001 7115 R507 RESISTOR, 1000 OHM 1/4W 5% CARBON 3070102 1121 
R306 RESISTOR, 4020 OHM 1/4W 1% METAL FILM 3134021 7115 R508 POTENTIOMETER, 1 K 3110342 10597 
R307 RESISTOR, 4020 OHM l/4W 1% METAL FILM 3134021 7115 R509 RESISTOR, 15 OHM 1/4W 5% CARBON 3070150 1121 
R308 RESISTOR, 499 OHM 1/4W 1% METAL FILM 3134990 7115 R520 RESISTOR, 174 OHM 1/4W 1% METAL 3131740 7115 
R309 RESISTOR, 10000 OHM 1/4W 1% METAL FILM 3131002 7115 R521 RESISTOR, SELECTED VALUE 
R310 RESISTOR, 30100 OHM 1/4W 1% METAL FILM 3133012 7115 R522 RESISTOR, 3010 OHM 1/4W 1% METAL FILM 3133011 7115 
R311 RESISTOR, 2000 OHM 1/4W 1% METAL FILM 3132001 7115 R523 RESISTOR, 24300 OHM l/4W 1% METAL FILM 3132432 7115 
R330 POTENTIOMETER, 2K OHM PC TRIM 3110130 78488 R530 RESISTOR, 274 OHM 1/4W 1% METAL FILM 3132740 7115 
R331 RESISTOR, 13000 OHM 1/4 1% METAL FILM 3131302 7115 R531 RESISTOR, 3010 OHM 1/4W 1% METAL FILM 3133011 7115 
R332 RESISTOR, 910 OHM 1/4W 5% CARBON 3070911 1121 R532 RESISTOR, 100 OHM 1/4W 5% CARBON 3070101 1121 
R333 RESISTOR, 13000 OHM 1/4W I% METAL FILM 3131302 7115 R540 RESISTOR, 47 OHM 1/4W 5% CARBON 3070470 1121 
R334 RESISTOR, 2700 OHM 1/4W 5% CARBON 3070272 1121 R541 RESISTOR, 15 OHM 1/4W 5% CARBON 3070150 1121 
R335 POTENTIOMETER. 2K OHM PC TRIM 3110130 78488 R542 RESISTOR, 100 OHM l/4W 1% METAL FILM 3131000 7115 
R350 RESISTOR, 2700 OHM 1/4W 5% CARBON 3070272 1121 R542 RESISTOR, 1210 OHM 1/4W 1% METAL FILM 3131211 7115 
R352 RESISTOR, 12.1K OHM 1/4W 1% METAL FILM 3131212 7115 R543 RESISTOR, 100 OHM 1/4W 1% METAL FILM 3131000 7115 
R353 RESISTOR, 12.1K OHM I/4W 1% METAL FILM 3131212 7115 R543 RESISTOR, 1210 OHM l/4W 1% METAL FILM 3131211 7115 
R354 POTENTIOMETER, 1 K OHM TRIM 3110147 71450 R544 RESISTOR, 453 OHM 1/2W 1% METAL FILM 3104530 7115 
R360 RESISTOR, 10 OHM 1/4W 5% CARBON 3070100 1121 R545 RESISTOR, 56.2 OHM 1/4W 1% METAL FILM 3130562 7115 
R361 RESISTOR, 7500 OHM 1/4W 5% CARBON 3070752 1121 R546 RESISTOR, 41.2 OHM l/2W 1% METAL FILM 3100412 7115 
R400 RESISTOR, 49.9 OHM 1/4W 1% METAL FILM 3130499 7115 R547 RESISTOR, 41.2 OHM l/2W 1% METAL FILM 3100412 7115 
R401 RESISTOR, 11300 OHM I/4W 1% METAL FILM 3131132 7115 R548 RESISTOR, 10.0 OHM l/4W 1% METAL FILM 3130100 7115 
R402 RESISTOR, 11300 OHM I/4W 1% METAL FILM 3131132 7115 R550 RESISTOR, 15 OHM l/4W 5% CARBON 3070150 1121 
R403 RESISTOR, 12100 OHM 1/4W 1% METAL FILM 3131212 7115 R551 RESISTOR, 47 OHM 1/4W 5% CARBON 3070470 1121 
R404 RESISTOR, 309 OHM l/4W 1% METAL FILM 3133090 7115 R552 RESISTOR, 1580 OHM I/4W 1% METAL FILM 3131581 1121 
R405 RESISTOR, 12100 OHM 1/4W 1% METAL FILM 3131212 7115 R553 RESISTOR, 510 OHM 1/4W 1% METAL FILM 3130511 1121 
R406 RESISTOR, 200 OHM 1/4W 1% METAL FILM 3132000 7115 R701 RESISTOR, 402K OHM l/4W 1% METAL FILM 3134023 7115 
R407 RESISTOR, 24900 OHM l/4W 1% METAL FILM 3132492 7115 R702 POTENTIOMETER, 50K 3110339 10597 
R408 RESISTOR, 24900 OHM l/4W 1% METAL FILM 3132492 7115 R703 RESISTOR, 560 OHM I/4W 5% CARBON 3070561 1121 
R409 RESISTOR, 127 OHM I/4W I% METAL FILM 3131270 7115 R704 POTENTIOMETER, 500K OHM PC TRIM 3110132 78488 
R410 RESISTOR, 63.4 OHM I/4W 1% METAL FILM 3130634 7115 R710 RESISTOR, 82K OHM l/4W 5% CARBON 3070823 1121 
R411 RESISTOR, 1000 OHM 1/4W 5% CARBON 3070102 1121 R720 RESISTOR, 10000 OHM l/4W 1% METAL FILM 3131002 7115 
R412 RESISTOR, 5100 OHM 1/4 5% CARBON 3070512 1121 R721 RESISTOR, 56200 OHM l/4W 1% METAL FILM 3135622 7115 
R413 RESISTOR, 1000 OHM 1/4 5% CARBON 3070102 1121 R722 RESISTOR. 27K OHM I/4W 5% CARBON 3070273 1121 

65 



R723 POTENTIOMETER, IOK OHM WITH SWITCH 3110343 10597 
R730 RESISTOR, lOOK OHM l/4W 5% CARBON 3070104 1121 
R731 RESISTOR, 10K OHM l/4W 5% CARBON 3070103 1121 
R732 RESISTOR, 5100 OHM l/4W 5% CARBON 3070512 1121 
R740 RESISTOR, 5100 OHM l/4W 5% CARBON 3070512 1121 
5001 SWITCH, CTS 206-122 DIP 2600431 10597 
S100 SWITCH, PUSHBUTTON DPDT 2600375 10597 
S270 SWITCH, PUSHBUTTON 13 STATION 2600376 10597 
S501 SWITCH, MIN. ROTARY 3P3T 2600090 76854 
S700 SWITCH, 2 STATION INTERLOCK 2600378 71450 
T100 TRANSFORMER, POWER 1200058 10597 
U001 INTEGRA TED CIRCUIT, MC1495L 1581495 4713 
U002 INTEGRATED <OIRCUIT, LM318 1580318 4713 
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'"" 
89665 
9<)179 

91260 
9134S 
91,1B 
91506 
9lo37 
91662 
91737 
91827 
91929 

91961 
92180 
92196 
92367 
O"">!,:i/ 

93332 

93369 
93410 
93788 
93929 
93983 

94137 
941« 

9"222 
9"310 

94330 
946B2 
95023 
95236 
95238 
95263 
95264 

95265 
95275 
953<18 
95354 
95712 
95987 
%067 
96095 

Morufo~to_.•er 

Vor. Vfot .. n ond Rogen, In~. 
Tc..-er Mfg. Co. 
Cutloet-H,....mer, Inc 
Gould-Not<oOCliBorr.,roe1 
GeneroiMolh, Inc. 
Groybor Eleclfoc Cc. 
Walde, Kohinoor, Inc 
General Electric O,.tfbut•ng 

Corp. 
Corte< Por~s o,,._ ,.,f 

Eco.-.omy Ba~er Co. 
Unoted l<on>fo•mer Co. 
U.S. Rubber Co., 

Mecho"ocoiGoodl O.v. 
Beorong E.-.gi~erong(o. 
(,...roo, Spring Mfg. Co. 
Miller Dool ond Nameplate Co 
Ro.ho Materroh Co. 
Augot Brot~e.,·, Inc. 
Dole Elect<onoco, Inc. 
fko Corp. 
GremorMfg Co., Inc 
1: F Oevelopm .. nt Co. 

Minneopolis-H,..,..eywell ~egu-

lotor Co., Mocroswotch Oov 
Nohm-Bros. Spr;ng Co. 
T<u-Connector C..,.., 
Unove.,ol Metal Prod., Inc. 
Elgeet Optocol Co., Inc 
Tin>olote lnwloted w,.., Co. 
SylvonooEiectrocProd,lnc. 

SemoLor>duclor Div 
ll.obbin1ondMyef>. In<.. 

''e'-'en>Mf;~. Co •. Inc. 
Howord J. Smoth, Inc 
G.V Control> 

Seottloe, w .. .t.. 
Provodencoe,R.I. 
lir>Lol~, l!loroon 
St. Paul, Mtnn 
Bvffolo, N.Y. 
Oo~lond, Col of 
Combtidge, Mo.o 

Schenectady, N.Y. 

Chi~og.o. 111,,.,..,, 

(hocoqo.lll,,.,..is 

Pouo•c. N.J. 

Son fronci>co, Calif. 
Son francosco, Colo!. 
ll Monh:, Coli/. 
Chocogo, lllinoO> 
Attleboro, Mou. 
Columbv>, Neb. 
Phrlodoelphoo 
Wakef•eld, Mas>. 
~edwood (,ty, Col if. 

f<.,~o.-t,\11 • ...,,. 

Oolo.lond, Colof. 
p.,obody. Mos>. 
Bou~tt P.,ente, Calif 
Roc....,,.r<, N.Y. 
Tarrytown, N.Y. 
Woburn, Mou 

N~wYOf~, N.Y. 
Mon<f.eld, Ohoo 
Port Monmouth, N.J. 
lovong>ton, N.J. 

lmuli.,.,~Von Norman lnd , Inc. Monche<te•. N.H. 

El~dronoc D'"'""n 
General Coble 
Ooy•heo.-,Nfg. lndu>triol 

(omp. Oov, Rec. Tub.. Oov. 
Roythoeon Mfg. Co., Semicon-

ducto-r Div, Colof. St. Pit 
ScientificRodioProduch 

'rur.g-SoiEiectfOc,lnc. 
Cucti,.-Wr>ght Corp. 

Electronic• Dtv. 
Southco, Dov. S Che>ter Corp. 
Tru Ohm Prod., o,~ NOOel 

[rog,., .. .,,.ng ordMfg Co. 

Woroe Cloth P<odu<:h, Inc. 
Wo-rce>t .. , Pr~"ed AI"'"' Corp 
PhilbnckHe>eor<.he.,,lnc. 
Allie• Product< Corp 
Continental (onnec!Ot Corp 
Le .. ud• Mig Co .. l,c. 
LercoEI .. <.I<onou,lnc. 
Notoonol Coil Co 
Votramon, 1"<-
Gordrn Corp 
Melhode Mfg. Co 
Doge fleet"<- Co , Inc 

Week"""'' Co 
Huggon> Loborotor•e> 
Ho-Q Dov of Aemvo~ 

Boyan,.,, N.J. 
Ouoncy, Mas> 

Newton, Mou 

l<NelonC, Colo 

Newark, N.J. 
£.Paterson, N.J. 

Le•ter,Po 

(hocogo, Ill""'" 

(hocogo, II lone,.! 

Worce>toe<, Mas> 
eo1ton, Mo., 
M•omi, flo 
Woo<J,id~, N.Y. 
NewY<><~, N.Y. 
Burbonk,C"I,f 
Shefldon,Y.yo 
8rodgeporr.(,,, 
8loomf1eld, N.J. 
(hocogo, Ill or><>" 
honklon, lnd 

(h<eogo. Ill'""'" 
Sunnyv-.Jie,Colol 
Ole.,..,. N.Y. 

Cod~ "--o. 

"''" 
""' 96330 
963<1 

97?W 
9111"1 
98159 
98220 
9827B ,.,.I 
'111<05 
'111731 
98821 

"'"' 
""' 
90109 
99313 
99515-

""" 
"""' """ 

"'" 

p...,..danon~Mc,_, Div 

Mogu~tel....t...h-•eo, 1...: 

S.OI<><"MDfl<lloc•"'''"-9Co 
Carlton Setoew (t> 

"''ct""'"'"""'""'""'''""""·!"" 
f•cel Tronslo,....,r Ca 
lndu<trool R...•oin""!! long Co 
Aut,_.ic and P...-.c:oto..,J•Ui 
CIS floectronoa 

o;~. c.a.s .. Inc:. 
R...,Jtn,•l'arCor,:.. 
Axoel~,lnc. 

lubrw.-Ted,lnc. 
fronctl L. Mo.Ley 
Mocrodot, Inc. 
SealectroCor,:.. 
Corod(crp_ 

Gene<oiMillt 
North Hdl, Electric Co. 
Clev•te Tr..,...o<for Prod. 

Div. (l...,.ote (org 

lntr<""''""<>IE'ec"<>"'< 
Reoeorch(~ 

Coou,...boo T ec~"•coi C-orp 
Vor•a" Asso<oot.,.. 
Ma<"1holt ln4.o,.••e•, Electr.., 

ProductoD•v••oor 
Cont<ol S .. r•o'> Dow, 

c.,.,orolo Co cl ........,.,ca 
~oeva<'Eiecl"<or>oc>Co..r 

-N,fcoC~Of•<><> 

Hoffmon~•coodovcl<lf:, .. 

oiHoff....,...Eec"""'c'Co'lf 
Technology 1,.,.._....,.,. (org 

of Colifo,~,o 

loo•r-.leo (oo.l 

(;,.COII)O.IIl•""'' 
.... , . ...,010.""-
0-J~,•-.c .... . j..,..,..,. __ ... j 

y.,......,, .... f. 
a........-
Y ........ N.Y. 
~ca,N.f. 

c;.n..,.._(.j.l 

P........_,C..,I,I 

SP-.C....·f 
....__ .. _ ... _y 

te-G'")o.C.aotof 
,..,__,.,,_,.. ...... 
"'·-Ia,~'<_(_ 

Wol"'-.-. 

"-" ..... "'.1. 
''""' •loc. (""' 
P-.Co~ol 
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Box 347 T1tlamook OA97141 

Telephone 503-842-8441 

TWX 510-590-0918 

EXACT electronics, inc. 


