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INTRODUCTION

The Heathkit Model 1G-18 Sine-Square Audio Generator has
been designed for laboratory use as well as for service and
testing, Sine wave signals are available between 1 Hz and 100
kHz. Low distortion (less than .1%) sine wave signals are
available from 10 Hz to 100 kHz. The output is stepped from
.003 volt to 10 volts. These high quality sine wave signals
make it ideal for such applications as testing audic amplifiers
for gain and frequency response, as a signal source for
harmonic distortion measuremenis, or as an external
modulator for an RF signal generator.

Square wave signals with a rise time of 50 nanoseconds are
available from 5 Hz to 100 kHz at output levels up to 10
volts. These clean square wave signals can be used for
checking frequency response in audio equipment, or as a
trigger for testing digital instruments.

HEATIHKIT?®

The sine and square wave frequencies are identical and the
level of each is independently adjustable. Beth signals may be
used either simultaneocusly or independently.

The sine wave output will operate into high impedance loads
(10 k2 or higher) in all output ranges, or it will eperate into
600 ohm loads in ranges up to 1 volt. The square wave
output is designed to operate into loads of 2000 ohms or
greater.

Other features include: A panel meter for monitoring the sine
wave output; repeatable selection of any irequency;
switch-selected 600 ohm internal load; and all solid-state
circuitry for maximum reliability. All of these features
combine to provide you with a versatile, accurate, and
attractive signal source. It will be a valuable and useful
addition te your laboratory or workbench.
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At the other end of thid twisted pair, connect
the bBlack wire to lug 2 (NS} of terminal sirip

{ -‘éﬂnnect the brown wire to lup 1 of the
power transformer (NS),

NOTE: A {lat 3-lead line cord is supplied with
this kit that ls approved for use in the US54,
and in some gther countries, If this ¢ord is not
approved for your loeality, obtain locally an
approved cord and proceed with the following
Rteps, making changes where necessary,

The flat 3-1ead line cord supplied with thia kit has
one of its outer leads marked with riba in the
lnsulation along its edge, The other lead is
ampoth, and the third lead is color coded green,

{ ¥} Beparute the thyee line cord leads for a
distance of about 1-1./2" from the stripped
ends, Twist together and apply a small
amount of solder to the amall wires at the
end of each lead, This will hotd the sepa-
rate atrands topether,

'[‘-/ Pags the line cord through the hole in the
rear panel.

{ _Y.E‘tmnect the green line cord' lead to the
solder lug of ¥ {S-1),

{ -f Connect the ribbed line cord lead to lug 4
of the power transformer (N8),

rd
{‘*ﬁ Comnect the smonth line cord lead to lug 1
of terminal strip Y (NS},

{ -§ Conmect gne lead of the fuse to lug 1 of

/erminal strip ¥ (8-2),
{ 4 Connect the other fuse lead to lug 2 of ter-

minal strip ¥ {8-2).

3/2.1/2%0 1" o
III.I.IJI 1 I L I

120-240 VAC WIRING ALTERNATIVE

Two sets of line voltage wiring Instructions are
given below: one for 120 VAC line ynliage, anpd
the opther for 240 VAC line voltape on Pape 34,
In the TL5,A,, 120 VAC is most commonly used,
while in some other countries 240 VAC is more
common, USE ONLY THE INSTRUC TIONS THAT
AGREE WITH THE LINE VOLTAGE IN YOUR
AREA,

120 VAC Wiring

Refer to Detail 18B for the following stepa.

(¥) Remove the ipsulation from two 17 lengths
J of hookup wire,

() Connect a 1" bare wire from Jug 1 (8-2) to
/ug 2 (8-2) of the power transformer,

(4] Connect a 1" bare wire from lug 3 (5-1) to
lug 4 (5-3} of the power transformer,

L

12Z0VALC WIRING
Detail 188

3!1 411 5" 6”
|
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240 VAC Wiring
Refer to Detail 18C for the following stepa,

{ } Remove the insulation from a 1" length of
hoolup wire,

{ ) Connect a 1" bare wire [vom lug 2 (3-2) to
luig 3 (8-1) of the power transformer,

{ ) Solder transformer lug 1 (S-1},

{ ) Solder transformer lug 4 (8-2),

T 240 VAC WIRING

Detal! 18C

BAC = JF SLAN ITARLL

| Fleel SLAGCK QBT 12F SORD.

?OLRIME STAaIh BLLITE ok COAD ABGIN
OKE 14%H Fros REAS iTaNTL.

. COMPSESS STRAIM ALLIIG S0 THAT T WILI
P&SY 4Hldr HOLE 19 KLAF I'a™iL I THE-UFP
FoRTT QM SiRATIN RECILF Wil $'281IEHT S1D0LS
IiF AOLE.

2 PULL LIKI EORD CH 14513 15F aNSTRURALS T
EXPaKD % 35 IM RELILF

Detail 18D

NOTE: In the following step. if you have used
the flat 3-lead line cord supplied with this kit,
install strain relief #75-71, If you have used a
round line eord (not supplied with this kit),
inafall sirain relief #15-30,

/) Refer to Detail 18D and install the line cord
strain relief on the line cord,

This completea the wiring of your Heathkit Sine-
Square Audio Generator, Carefully inspect all
solder joints for unsoldered wires or loose con-
nections, Remiove any wire clippings or sclder
splashes that may be lodged in the wiring. Then
proceed to the Knoh Installation section.
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TEST LEAD *SSEHBLT LAY AEMOVE THE INSULATION FROM EACH LND OF

THE RED TEST LEAR AND TWIST TOGETHER

THE FIME WIRES o
{ ) Preparc the black and the red test lead as shown in [ .
Pictorial 20. Use the black insulator with the black test
lead and the red insulator with the red test lead.

1 ""*1_#*

sB VNSERT THE $/0° BARED WIRE ENTC THE

—;—_~I. SAMANA PLUG, BEHND BOTH WIRE ENDS
| FLAT AGAINST THE FLUG BOLY.
This completes the Step-By-Step Assembly, [iwsuiaron
Proceed to the Tests And Adjustments, —F

—BEANAHA FLLE

INSULATED WIEE
PHILLIPS SCREWDREVER

PLACE THE BARANA PLUE DN & SMALL
PHILLIPS SCREWERIWER | G8 SIWMILAR TOOL 4
AND FUSH THE [NSULATDR OVER 7ok

RANANA PLLG AND WIRE UNTIL THE
INSULRTOR SHAPS [N PLALE .,

CCF o INSERT THE OTHER END OF THE TEST LEAD
THTD THE ALLIGEATOR CLIS SOLDER THE LEAL
THEM CRIMP THE TABS OVER THE INSULATIDA

!
SOLOER TABS

PICTORIAL 20



TESTS AND ADJUSTMENTS

TESTS

If you do not obtain the correct results in any of
the following tests, turn the equipment off, Then
refer to the chart following the step, These
charts list the Condition of the malfunction, and
the Possible Cause, Heview the items listed in
the Possible Cause ecolumn and correct the con-
dition before proceeding to the next step,
The information in the In Case Of Difficulty
section (Page 57) of the Manual may also be
helpful in locating trouble in the kit,

DIFFICULTY

Resgistance measured considerably less than
1500 £,

Refer to Figure 1 (on fold-out from Page 36) for

thj/ﬁllﬂwing step,

) Connect the common lead of an chmmeter to
either black binding post of the Generator,
Connect the other ohmmeter lead to test-
point (TP1) on the wave generator circuit

board, The chmmeter should indicate a re-
gigtance of at least 1500 2, when the pointer

stops,

POSSIBLE CAUSE

Short circuit on wave generator circuit board:

1. Check positioning of transistors,

2, Check values of resistors,

3. Check for solder bridges between circuit
board foils,

Registance measured considerably more than
1500 £,

HEATEHEITE

Open circuit(s) on wave generator circuitboard:
1, Check solder connections,

2. Check resistor values,

3. Check for broken component leads,

9
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{\/} Measure the resistance between the two
flat prongs of the AC line cord plug, With
the POWER switch off, the resistance
should read infinite, With the POWER switch
on, the resistance should be 20 £ or more,

DIFFICULTY

Resistance measured 20 © or more with POWER
switch off and infinite with POWER switch on,

=

POSSIBLE CAUSE

POWER switch installed upside down,

Registance measured near zero ohms,

POWER switch connected directly across line
cord,

[*f]' Check the resistance hetween each line cord
plug prong and the chassis, The resistance
should measure infinite for both prongs,

¥

Check the resistance between the round
ground prong of the line cord plug and the
chassis, This resistance should be near
ZEro ohms,

DIFFICULTY

Resistance not as described,

POSSIBLE CAUSE

Line cord not wired properly, Check line cord
connections,

(-]} Set the voltmeter to read a DCy voltage of
about 43 volts,

| j Conneet the voltmeter common lead to either
black binding post, Connect the other volt-
meter lead to TP1,

; *{Turn the POWER switch OFF, and plug the
line cord into a 120 VAC outlet,

{ Turn the POWER switch ON, The voltmeter

reading should gradually increase to about
43 volts and stay there,
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DIFFICULTY

POSSIBLE CAUSE

Measured voltage less than 43 VDC but more
than zero,

Dicde Db or D6 installed backwards,

Poor solder connections,

Capacitors C1, C2, C3, or C4 installed
backwards,

No voltage,

Transistor improperly installed,
Open circuit or short circuit on power
supply circuit board,

Measured voltage about 50 volts,

{ Turn the POWER switch off,

This concludes the tests, Proceed tothe Adjust-
ments,

Zener diode DT,

ADJUSTMENTS

Two methods for adjusting the Audio Generator
are provided below, The first method uses only
an AC voltmeter, and the second method (on
Page 42) uses an AC voltmeter and an oscillo-
scope, Use the second method if you intend to
use the Audio Generator with an oscilloscope,
This will enable you to adjust the square wave
Symmmetry control, which cannot be done effec-
tively with only a voltmeter,

ADJUSTMENTS WITH AC VOLTMETER ONLY
Set the switches and controls as follows:

(V) POWER SWITCH: OFF,

[V/}\MUL'I‘IPLIER: X140,

E\/TE‘NH FREQUENCY: 10,

( UNITS FREQUENCTY: 0,

[\/}I‘ FREQUENCY conirol: 0,

NOTE: The word FINE on the front panelrefers
to the small knob on each of the AMPLITUDE

controls, COARSE refers to the large knob
on each of the AMPLITUDE switches,

) SINE WAVE AMPLITUDE switch {coarse):
10 volts,

{\/(:-:INE WAVE AMPLITUDE control (fine):
Fully clockwise,

(-JSQUARE WAVE
{coarse): 10 volts,
{(/)/SQUARE WAVE AMPLITUDE control (fina):

/UIW clockwise,
( 600 2 LOAD SWITCH: EXT,

NOTE: The following controls are located on
the wave pgenerator circuit board, Refer to
Figure 1 for their location, Position each control
at itg center of rotation,

AMPLITUDE switch

{ ¥} BIAS,
{V) FEEDBACK,

{ SYMMETRY,

(‘\/ME‘TE‘R CAL,
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an AC outlet,

[‘/J;(Plug the line cord into
{ Turn the POWER switch ON,

{‘/K&djust the FEEDBACK control until the
panel meter reads between 6 and 8 on the

0-10 scale,
{‘)( Set the external voltmeter to read 10 volts
AC,

( ‘4 Connect the external voltmeter common lead
to the black sine wave output binding post,
Connect the other voltmeter lead to the red
sine wave output binding post,

( ‘{Rntate the METER CAL control clockwise
until the panel meter reads the same, on
the 0-10 scale, as the voltmeter,

{ '{Dlscunnect the external voltmeter,

NOTE: During the following adjustments the
panel meter pointer may seem to vary errati-
cally, This is normal, If you encounter difficul-
ties, make the control adjustments in small
increments and allow the instrument time to
stabilize after each adjustment,

} Turn the SINE WAVE AMPLITUDE control
(fine) to approximately the 3 o'clock posi-
on,

() Adjust the BIAS control until you obtain a
aximum panel meter reading,

(*) Turn the S5INE WAVE AMPLITUDE (fine)

v)/contml fully clockwise,

{ Adjust the FEEDBACK control until the
panel meter reads 10 volts,

NOTE: In the following two steps, if no change
can be detected in the panel meter reading, it
will not be necessary to readjust the feedback
control,

{'/]'/ Turn the TENS FREQUENCY switchtoeach
position, 10 through 100, Leave the switch
the position where the panel meter indi-

ates the lowest voltage,

Turn the MULTIPLIER switch to each posi-
tion, X1 through X1000, Leave the switch
in the position where the panel meter indi-
cates the lowest voltage,

1\/} Readjust the FEEDBACK control until the
panel meter indicates 10 volts,

This completes the adjustments of the Audio
Generator, Turn off the power and remove the
AC plug from the socket, Proceed with the Final
Assembly on Page 45,

ADJUSTMENTS WITH AC VOLTMETER AND
OSCILLOSCOPE

Set the controls and switches as follows:

{ ) POWER SWITCH: OFF,

( ) MULTIPLIER: X100,
( ) TENS FREQUENCY: 10,
() UNITS FREQUENCY: 0,

( ) FREQUENCY control: 0,

NOTE: The word FINE on the front panel refers
to the small knob on each of the AMPLITUDE
controls, COARSE refers to the large knob on
each of the AMPLITUDE switches,

( )} SINE WAVE AMPLITUDE switch (coarse):
10 volts,

( ) SINE WAVE AMPLITUDE control {fine):
Fully clockwise,

{ ) SQUARE WAVE AMPLITUDE
{coarse): 10 volts,

switch

{ )} SQUARE WAVE AMPLITUDE control (fine):
Fully clockwise,

( ) 600 2 LOAD: EXT,

NOTE: The following controls are located on
the wave generator circuit board, Refer to
Figure 1 (fold-out from Page 36) for their loca-
tion, Position each control at its center of ro-
tation,

( ) BIAS,
( ) FEEDBACK,
( ) SYMMETRY,

{ ) METER CAL,
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() Plog the line cord into an AC autled,
{ ) Tum the POWER switch ON.

() Adjust the FEEDBACK contrel until the panel meter
risacds between 6 and B on the 010 scale,

{1 Set the external vollmeter 0o read 10 volts AC,

{ ) Connect the external volimeter common lead to the
black sine wave outpul binding post. Connecl the other
voltmeter lead to the red sine wave oulput hinaling

po=t.

{ ) Adjust the METER CAL control until the panel meter
reads the same, on the 0-10 zcale, as the voltmeter.

{ )} Disconnect the external vollmeter,

( } Set the oscilloseope to display o 1000 He waveform al
an amplitude of 10 valts,

{ ) Connect the oscilloscope to the sine wave outpul

binding posts.
A B C
IOF CLIPPIZ ROTTO% CLIEPLL 1145 5H1
COESECTIY
Figure 2

{ )} Rotate the FEEDBACK control fu“}.‘ vlockwise. Note
that the positive or negative hall of the waveform is
clipped az shown in part A or B ol Figure 2,

() Adjust the BIAS control so both halves of (he
waveform are clipped equally. as shown in Part C of
Figure 2.

{ ) Adjust the FEEDBACK control until the panel meler
indicates 10 volts,

{ ) Dizconnect the vscillozoope,
NOTE: In the following two steps, if no change can be

detected in the panel meter reading, it will not be necessary
o r\l‘llljl.lsl the feedback control.

( ) Turn the TENS FREQUENCY switch to each position,
19 through 100, Leave the switch in the position where
the panel meter indicates the lowest voltage,

{ ) Turn the MULTIPLIER swilch o each position, X1
through X 1000, Leave the swilch in the position where
the panel meter indicates the lowest voltage,

( ) Readjust the FEEDBACK control so that the patneel
meter indicates 10 volts,

{ ) Reset the FREQUENCY and MULTIPLIER switches
for a 1000 He output at 10 volts {(MULTIPLIER a
N0, TENS FREQUENCY at 105,

{ } Connect the t‘l&t:i"ﬂ&té)pﬁ to the square wave oulput
binding posts. Set the oscilloscope input switch to AC,

NOTE: The very last rise time (leadiog edged of the square
wave signal i very rieh in harmonies, extending into the
megahertz range. Low frequency oscillsscopes may respond
in various ways to this signal. The leading edge mav be
“rounded of(" through the rolloff characteristics of 1he
oscilloseope, or frequency compensation (with peaking coil,
for inztance) may lead Lo “ringing” or “overshool ™. Even the
leads belween the generator and oacilloseape may affect the
pallern displayed,

A B C

IKCORREL IHCORRECT SYNRET Y GOk TR
3F1 CORAELTLY
Figure 3

{ ) Rotate the SYMMETRY control until the positive and
negative halves of the spuare wavelform are cagual, as
shown in part L of Figare 3,

This completes the adjustments. Turn off the power and
remove the AC plug from the socket. Proceed 1o Final

Assembly.
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FINAL ASSEMBLY

Refer to Pictorial 21 for the following steps,

Locate eight 6-32 x 1/4" phillips head screws,
two cabinet half shells, and four plastic feet,

(v} Turn the instrument upside downand install
one of the cabinet half shells with four 8-32
x 1/4" phillips head serews, The angled edge
of the cabinet is the front; this edge should

\/prc-trude over the bezel,

(V) Remove the backing paper from a plastic
foot, Affix the foot about 1/4" from hoth
edges at one corner of the cabinet bottom,

HEATHIITITE

{ Likewise, affix the remaining three feet on
U}e other three corners of the cabinet bottom,
(

Turn the instrument over and install the
other cabinet half shell with four 6-32x1/4"

u/phillips head screws,
{ Remaove the protective paper from the blue
and white label and affix it tothe rear panel

as shown,

This completes the assembly of the Sine-Square
Audio Generator,
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TEMS FREGUENCY SWITCH UNITS FREQUENCY SWITCH
Selects first bigure of freguoncy, Aeleris secood Hipara of fragquenty,

MLULTIPLIER SWITCH FREQUENCY CONTROL

Multbplies the Iregquency got on the Indicates third fgare of frequency,
FREQUENCY (Hz)switehes and eon-

tral by 1. 14, 100, or 1000, /

FILOT LAMP
Indleates when power s on,

PAMNEL METER — l'__.__;—. T S—
Monttors the sine wave output, Has = B T " .Y(v = __,_,__I
S/ T Y

twi voltage acales and ana g8 seale,

POWER QON-0OFF SWITCH

Oy 'J_ SQUARE WAVE OUTPUT

600 5 LOAD SWITCH

Funotional on mix lowest sine wave
qutput ranges, Nonfunctional on sine
wave 1 wnll and 10 valt ranges.

CIRCUIT GROUND

Internal (INT): Connects snternal
B00 1% load across sine wave output,

CHAS5515 GROUND
Directly connectod tochassls andto

External (EXT) Digronnects inbers
line vord earth groumd,

il Load from oualpat,

HIJARE WAYE AMPLITUDE

SINE WAVE AMPLITUDE SWITCH
SWITCH

Coarse amplitude adinstment, Eight

. ' Conree amplitude adjustment, Threas
ranges, Trom (DS1 walts o 10 wolts P 1 = Thre
| SINE WAVE OUTPUT roe L0 b 350 dB) runges: |1, 1, and 10 volts peak-to-
peak,
I CIRCUIT GROUMD SINE WAVE AMPLITUDE CONTROL SQUARE WAVE AMPLITUDE
Fine amplitude adjustient, Adjusts CONTROL
sine wave outpul from Zerotcmax - Fine amgplitude adjuatment, Adjases
mum af Sine Wave Amplitude switch smuara wave output from Zefc o
Hething, mtaximum of Square Wave Amplitude
awileh setting,

Figure 4



OPERATION

Refer to Figure 4, which describes each of the
front panel controls and terminals, before you
read the remaining material in this section,

FREQUENCY SELECTION

To select a given frequency, set the TENS and
UNITS FREQUENC Y switches to correspond with

the first two figures of the frequency, If a third
figure is required, set the FREQUENCY control
ta the correct number, Then set the MULTIPLIER
switch to the appropriate position to multiply the
gwiteh and control settings by the required mul-
tiplying factor,

EXAMPLES:
SWITCH AND CONTROL SE TTINGS
SELECTED TENS UNITS FREQUENCY
FREQUENCY MULTIPLIER | FREQUENCY | FREQUENCY | CONTROL
60 Hz X1 80 0 0
60 Hz X10 0 6 0
400 Hz X10 40 0 0
1520 Hz X100 10 5 2
15,2 kHz X1000 10 5 .2

HEATHIITY
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SINE WAVE AMPLITUDE

The outpul of the Audic Generator must be properly

teermimaled Lo oblain aceurale mefer indicalions.

Tor obtain correct meter readings with a high impedanee load
(10 k&2 or more)s sed The GOOEE LOAD switch to INT, and set
the SINE WAYE AMPLITUDE switch to the nearest Tull
sale value above the desired output level. Then adjust the
SINE WAYVE AMPLITUDE control to give the desived oulput
on the proper meter seale, EXAMPLE: For an outpul voltage
of 7.3 voltz, set the SINE WAVE AMPLITLDE switch Lo 10
volts, Then turn the SINE WAVE AMPLITUDE control to
give a 7.3 reading on the (010 seale of the weter. EXAMPLE:
For an ol prul of 026 wvolt, set the SINE WAYE
AMPLITUDLE zwitch to .03 voll. Then turn the SINE WAVE
AMPLITUDE control to give a 2.5 reading on the 0-3 meter
seale,

To obtain comreel meter readings with an external GO0 £2 load
{1 volt maximum output sgnal level): set the LOAD switch
to EXT and proeeed as before,

SQUARE WAVE AMPLITUDE

To seleet a square wave oulpul level, st the COARSE
SOUARE WAVE AMPLITUDE switeh to the lowest range
that includes the desired \'LI-"L[E":‘. Then -ﬂlljll:‘-l the FINE
SOUARE WAVE AMPLITUDE control until the required
voltage i Prmhl:‘.t‘.ﬂ_ The frant Pam*l vol bage ranges (1w, 1w,
and 10v) are Tor loads of 2000 £ irnlwdmlc'.r or more. Uutpul
level may be measured with a high impedance AC voltmeter
or with an oscillescope. Remember thal a square wave iz
measured in peak-to-peak volts and that most AC voltmeters
indlicate rms volts,

CAUTKIN: The square wave generator output is DC-coupled
to avoid poor low frequency response (see “Square Wave
Testing™ on Page 52), The output is a DO signal that varies
from zero to some positive value when measured at the
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DC circuitry without using capacitive coupling. (Observe

proper capacitor polarity.) Do not short the outpul terminals
al maximum {10.0v) output.

IMPEDANCE MATCHING

In general, impedance matching is nol critical in Lest work,
However, if close matching is required, matching pads may be
conslructed using composition resistors as shown in Figure 5.
This Figure shows two examples for matching the 600 02
outpul to different input leads. Sinee these pads also acl as
voltage divider networks, the input voltage will be less than
the voliage indicaled by the panel meter.
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dB MEASUREMENT

The red scale on the panel meter is used for
decibel (dB) comparisons, The decibel is a ratio,
or comparison, of power levels, It is defined by
the equation:

dB

Il

P,
10 log —
P

Since P = El and1 = 5

the above
equation may be restated as:

r

E,

dB = 10 log —

R,

While the decibel is basically a relative ex-
pression between two power levels, it can be
used as a quantitative expression if one of the
levels is defined as a standard level,

After various levels in several industries were
partly accepted as "standard levels", the audio
industry settled on a standard level of 1 milliwatt

of power into a 800 chm load, This standard
level may be used in 600 ohm circuits only, In
these circuits R! and R inthe above equation are
equal and cancel out, simplifving the expression
to:

Apcordingly, with the standard 600 2 load across
the signal output, you can read relative power
on a voltmeter, such as the front panel meter
on the Generator or any other voltmeter with the
appropriate calibration (dB scale),

As rero dB is defined as 1 milliwatt in a 600 £2
2 @

load, and P = E , then 001 = E ,orE = ¥ ,6,
R 600

or E =.77% V. It is {or this reason that the zero

dB mark isin line with the 7.75% mark on the 0-10
meter scale.



APPLICATIONS

S5INE WAVE TESTING

Gain and distortion checks are probably the most
commaon types of sine wave tesgts that you will
make with this Generator, Usually these tests are
performed on an amplifier, In either of these
tests, a single amplifier stage may be tested
separately, or the entire amplifier may be tested,

Figure 7 shows typieal connections for testinga
single stage or a complete amplifier, The output
from the Generator may be connected directly to
the input of the amplifier being tested, If impe-
dance matching is desirable, you can construct
the matching pads described on Page 48, When
connecting the =signal directly to the input
circuit of a transistor or a tube, use a coupling
capacitor in series with the signal lead to block
any DC voltage that may be present in the circuit,

-\
FLRE-WAVE LOW BlAS HIGH BIAS
INFLT S1GNAL

© ® ® @
VA AN

PHONGLNCED

To test the voltage gain, feed a signal of kmown
amplitude (voltage} into the amplifier input and
measure the resulting output, The gain is equal
to the ratio of the output voltage divided by the
input voltage, This measurement may be made
with a voltmeter or an oscilloscope, Fregquency
response tests may be made by determining the
gain at various frequencies,

To test for distortion, the output signal from an
amplifier can be displayed on an oscilloscope and
compared with the input sine wave from the Sine-
Square Generator. This test will indicate if dis-
tortion is present and, if so, whatkind, Figure 6
shows wavelorms of several kinds of distortion,
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SQUARE WAVE TESTING

Square waves are very useful for testing ampli-
fiers, since one square wave will perform
several tests simultaneously, This occurs be-
cause the square wave is actually a complex
waveform made up of many sine waves, which are
the fundamental frequency and all of the odd har-
maonics of that frequency, Therefore, inone oper-
ation, the square wave tests a circuit at many dif-
ferent frequencies, from one tenth to ten times
the fundamental frequency,

The flat top of the square wave teststhe low fre-
quency response of a circuit, This happens be-
cause the flat top more closely resembles low
frequencies, or short burst of DC voltage, The
vertical portion of the square wave contains
high harmonie frequencies that test the response
of the amplifier to about ten times the fundamen-
tal frequency, Thus, two settings, 100 Hz and
10 kHz would check the frequency response of an
amplifier from 10 Hz to 100,000 He,

Figure B shows the types of aquare wave re-
sponse patterns that might be seen on an oscil-
loscope, If the corners of the square wave are
rounded off, it means that some of the higher
harmonies are missing, If the flat top portion
of the square wave is tilted, it means that the
low frequency response of the amplifier is faulty,

Sguare wave tests are also an excellent way to
test the response of the vertical amplifiers of an
oscilloscope, Connect the square wave to the os-

P
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cilloscope vertical input and check the shape of
the square wave on the oscilloscope screen,

The sine wave and sguare wave outputs of your
Generator can be used at the same time without
detrimental effects to either waveform, This
makes the use of recurrent sweep oscilloscopes
especially easy with this instrument,

For example, when making stage gain measure-
ments on an amplifier with an oscilloscope,
connect the sine wave output of the Generator
to the input of the stage being measured, Con-
nect the square wave output to the external syne
connector of the oscilloscope, Measurements
can now be made through a number of amplifier
stages without readjusting the oscilloscope syne
controls, regardless of how small or how large
the signal is,

SPECIAL GENERATOR APPLICATIONS
Impedance Megsurements

Figures 9A and 9B show how to measure the
input impedance of an amplifier or of a similar
circuit, The method is exact if the impedance
is resistive, approximate if it is reactive, For
measuring input impedances that are high com-
pared to the Generator output impedance, use the
arrangement shown in Figure B8A, It may be
necessary to use variable resistors of several
different valuea, such as 10 ki3, 100 k2, 1 M3,
and § M3, to obtain the correctindicationon the
external AC meter,

POOR EXCESSIVE
LOYWe FREQUENLEY FIGH FAEGULNCY
HESPONSE FESPONSE
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Figure 8
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Figure 9

Set the Generator to a low frequency, such as
20 Hz, short out the variable resistor, and set
the signal level of the Generator to give a con-
venient reading on the AC voltmeter, Remove
the short from the wvariable resistor, The
value of the wvariable resistor is then adjusted
until the reading on the meter dropsto 1/2 of the
former value, The resistance of the variable
registor is then equal to the unknown input im-
pedance of the amplifier, The resistance of the
variable resistor can be measured with anchm-
meter, 4 this same check were made at higher
frequencies, the input impedance would appear to
be smaller because some of the signal would be
shorted out by the input capacitance of the am-
plifier,

For low input impedances, of a few hundred ohms
or less, connect the circuit as shown in Fig-
ure 9B, Fixed series resistor R1 should be at
least ten times the input resistance to be meas-
ured, The value of this resistor is not impor-
tant if it is made large enough, The output
voltage is set to some convenient value, as be-
fore, with variable resistor R2 disconnected,

When H2 is connected again, it is adjusted until
the meter reading drops to half of the former
value, The resistance of variable resistor H2
is then equal to the input resistance of the am-
plifier,

FREQUENCY MEASUREMENTS

An oscilloscope and the Generator can be used
to measure the frequency of an unknown signal,
Place the oscilloscope horizontal frequency
selector in the horizontal input position, Con-
nect a sine wawve from the Generator to the
horizontal input of the oscilloscope, Connect
the unknown frequency to the vertical input of
the oscilloscope, Do not use square waves to
make these tests,

When the size of the generator signal is ad-
justed to approximately the same size as that
of the unknown signal, and the oscilloscope is
properly adjusted, waveforms called Lissajous
figures will be seen on the oscilloscope, In-
terpreting these wavelorms correctly will show
the frequency of the unknown signal,
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Figure 10

To measure an unknown frequency, adjust the
Generator frequency until the pattern comes as
close as you can adjust it to the circle shown in
Part A of Figure 10, This circle may appear
to revolve in such a way that it alternately
assumes each of the following forms: a slanting
line to the left, an ellipse, a circle, an ellipse,
again, a slanting line to the right, an ellipse,
ete, Often, it will be almost impossible to keep
the circle from revolving,

When the circle is displayed on the oscilloscope
sereen, the frequency of the unkmown signal is
then exactly equal to the frequency of the Genera-
tor, as shown on the Generator dial, The aceura-
cy of the measurement is the same asthe accu-
racy of the Generator frequency,

Unknown frequencies that are beyond the fre-
quency limits of the Generator can be measured
by using more complex Lissajous patterns, such
as the ones shown in Parts B, C, D, and E of
Figure 10, In these cases, the pattern shown on
the oscilloscope gives the ratio between the
frequency of the Generator signal and the fre-
quency of the unknown signal, Determining the
frequency of the unknown signal then becomes
a matter of simple arithmetic, The freguency
of the unknown signal ean be calculated using
the following formula:

T
Unknown Frequency = —1L-0

In the above formula, T, is the number of loops
that touch the horizontal tangent line: F is the
Generator frequency; and T, is the number of
loops which touch the wvertical tangent line,



EE g HEATHEIT

Page 55

FROM
SQUARE WAVE
GERERATOR

Ablant
CAN ALS0 B
) ADDE G

OUTFUT FULSES

Figure 11
PULSE MEASUREMENTS

Fast rise time trigger pulses can easily be
formed at the square wave output of the Gen-
erator by the addition of a single resistor and
capacitor, See Figure 11, The addition of a diode
will eliminate the positive or negative pulses
that are not wanted,

The size of the resistor and capacitor depends
on the desired [requency and how wide a pulse
you wish to have, A rule of thumb for pulse
width is that it should be about 1/10 as wide
as the positive one-hall of the square wave, at
the frequency desired, The sizes of the resistor
and capacitor are generally found by experi-
menting, but a close approximation can be found
in the following manner:

— ! x1/2 = time of 1/2 cycle

freq, of_smmre wave of square wave

The above x 1/10 = width of average pulse
quantity in fractions of a second

Collecting the above together we get:

1

freq, of square
wave

x 1/20 = time of pulse width
for average pulse,

To find the size of the pulse that a resistor and
capacitor will give, multiply the resistance in
ohms by the capacitance in "farads' (1 pF =
000001 farads), The answer will be the time
constant of the two parts and a portion of time
usually expressed in "microseconds" (ome-
millionths of a second), If the "time constant" of
the registor and capacitor vou choose does not
produce the pulse width you want, change the
value of either or both parts,

For example, if you want positive pulses at a
frequency of 10 kHz:

1 x 1/20 = 5 miernseconds
10,000

The following calculations show that the time
constant of a 10 kfI resgistor and 0005 uF
capacitor will give the desgired § microsecond
pulse,

500 x 10 (capacitance, ,0005 uF) x
1 x 10¢ (resistance, 10 kR2) =

500 x 10° = 5x 10" = .000005
= b microseconds

Another way this time constant can be calculated
iz as follows:

.0000000005 (capacitance, ,0005 uF)
x 10,000 (resistance, 10 kf2} =
000005 = 5 microseconds



IN CASE OF DIFFICULTY

Recheck the wiring, Trace each lead In
colored pencil on the Pietorial as it is
checked, It is frequently helpful to have a
friend check your work, Somecne who isnot
familiar with the unit may notice something
consistently overlooked by the builder,

About 90% of the kits that are returned for
repair do not function properly due to poor
connections and soldering, Therefore, many
troubles can be eliminated by reheating all
connections to make sure they are soldered
ag described in the Soldering section of the
Kit Bullders Guide,

Check to be sure that all transistors are in
thelr proper locations, Make sure eachtran-
sistor lead is connected to the proper point,

Check the values of the parts, Be sure the
proper parts have been wired into each cir-
cuit as shown in the Pictorial Diagramas, It

HEATHXITY

would be easy, for example, to install a
62 k2 (blue-red-orange) resistor where a
620 k2 (blue-red-yellow) resistor should
have been installed,

Check for bits of solder, wire endas, or cther
foreign matter which may be lodged in the
wiring, or on the eircuit board foil,

I the trouble still is not located anda volt-
meter is available, check the voltage read-
ings against those shown on the Schematic
Diapgram, A review of the Circuit Descrip-
tion may help wou locate the trouble,

NOTE: Refer to the Circuit Board X-Ray Views
on Page 67 and Photographs on Page 69 for the
physical location of parts,

NOTE: In an extreme case where you are unable to resclve a
difficulty, refer to the **Customer Service™ information inside
the rear cover of the Manual. Y our Warranty is located inside
the front eover of the Manual.
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TROUBLESHOOTING CHART

DIFFICULTY POSSIBLE CAUSE AND SUGGESTED CURE

—
Pilot lamp lights, All controls set at zero,
No sine or square Measure the B+ voltage at point A on the
wave output, generator circuit board, I the voltage is
low or there is no voltage, refer tothe next
Difficulty on this Chart,
Feedback control not set properly, (Referto
Adjustments section on Page 41.)
Check transistors Q1, Q2, Q5, @4, and
Q3 in that order,
Open filament in lamp L1,
Wrong part value, improper connection,
or faulty part in notch filter circuits
{units and tens switches), (Make checks at
other frequency settings to test this pos-
sibility,)

B+ voltage low or Measure the resistance of the generator circuit
no B+ voltage, board at TP1 as described in the step under
"Tests” on Page 39, If this resistance is less
than 1500 £, apply the checks on the previous
page to the generator circuit board, If the re-
gistance is 1500 D or greater, check the fol-
lowing:

. Transistor Q10,
Diodes D5 and D6,

Zener diode DT,
Capacitors C1, C2, C3, and C4,
Transformer primary windings,

-

No sine wave output, . Short circuit or excessive load at sine
Square wave output ok, wave output terminals,

Check control R106,

Check capacitor C8,

Short circuit or excessive load at square
wave output terminals,

Symmetry trimmer not adjusted properly,
Check transistors Q6, Q7, and Q8,

Check control R101,

Check capacitor C8,

Frequency set too low,

Mo square wave output,
Sine wave output ok,

Bottom of square wave . D8 open,
goes below zero,
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DIFFICULTY POSSIBLE CAUSE AND SUGGESTED CURE

Meter inoperative,
Sine wave output ok,

Check diodes D3 and D4,

Check control R21,

Meter pointer stuck,

Meter coil open,

WARNING: When testing the meter for
continuity, use only the highest resistance
range of the ochmmeter,

Sine wave distorted,

Feedback control set too high,

Bias control not set correctly,

Check @10,

Check @5, Q4, Q1, @2, and Q3,

Improper ground connections between Gen-
erator and associated equipment,

Low line voltage,



SPECIFICATIONS

SINE WAVE OUTPUT

Frequency Range, . . . + o o« sscssssns

Output Voltage Ranges, . ... .. cvcuuaeses

Internal Load, ., . . . .

dB Ranges, , . « « o« ¢« sssasssnsssns

Output Varfation, . . . « ¢ « 26 e cs

Output Indication, . . « & &« s« s+t essssss

Output Impedance, . . + v o ¢ ss v e e sas

Meter ACCUPACY. . . + « o s o s 545 a8 8%%

1 Hz to 100 kHez,

0 - .003
0-.01
0-.03
0-.1
0-.3
0-1
o-

0

- 10

Internal 600 £ load avallable on ,003, .01,
.03, .1, .3, and 1 volt ranges,

-62 to +22 dB,

-12 to +2 dB on meter;

-50 to +20 dB in eight 10 dB switch positions,
+2 dB maximum into 600 12 load,

+1 dB from 10 Hz to 100 kHz,

Two voltage scales and one dB scale on front
panel meter,

10 volt range: 0-1000 £,
3 volt range: 800-1000 €2,
1 volt range and lower: 800 £,

+10% of full scale with proper load termination.

HEATEICITY
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PERCENT DISTORTION-TYPICAL

Digtortion,

P L I I T T T )

Type Of Circuit, . . . . . ...
SQUARE WAVE OUTPUT
Frequency

Output  Voltage Ranges,

Cutput Impedance,

---------

Rize Time,

GENERAL

Frequency Selection,

Frequency Error. ... .

Requirements,

Dimensions,

Net Weight,

@ & & B & B & ®

Less than ,1% from 10 Hz to 20 kHz,

Differential amplifier with complementary pair
output, Notch filter [requency determination,

5 Hz to 100 kHs,

0-.1V¥, 0-1V, and 0-10 V zero-to-peak into 2000
{} or higher load.

92 2on .1 Vand 1 V ranges;
Up to 220 © on 10 V range,

Less than 50 nanoseconds,

First two significant figures on 0-100 and 0-10
switches each in ten steps,

Third figure on 0-1 control,

Multiplier switch: X1, X10, X100, X1000,
Within + 5% of first and second digit.

105-125 VAC or 210-250 VAC, 50/60 Hz, 6
Watts,

5-1/8" high x 13-1/4" wide x 7" deep,

T lbs,

The Heath Company reserves the right to dis-
continue instruments and to change specifica-
tions at any time without incurring any obliga-
tion to incorporate new features in instruments
previously sold,



CIRCUIT DESCRIPTION

Refer to the Block Diagram on Page 65 and to the
Schematic Diagram (fold-out from Page 75) while
reading this Circuit Description,

The circuit of the Sine-Square Audio Generator

includes three principal sections: The Sine Wave
Generator (including the meter and output attenu-
ator circuits), the Square Wave Generator and
the Power Supply, Each of these Sections will be
deseribed separately,

SINE WAVE GENERATOR

The sine wave oscillator circuits consists of
differential amplifier transistors Q1 and Q2;
voltage amplifier transistor Q3; power amplifier
transistors Q4 and Q5; and the positive and
negative feedback loops, Positive (regenerative)
feedback comes from the common emitter output
of transistors Q4 and Q5, and is coupled to the
base of transistor Q2 through the lamp L1, the
arm of feedback control R7, and resistor RE,
Negative (degenerative) feedback comes through
the noteh filter and is directly coupled to the
base of transistor Q1.

Oscillation oceurs due to the positive feedback,
Without negative feedback, the cireuit would
oscillate at some indeterminate frequency; how-
ever, the notch filter, which passes all fre-
quencies except the one to which it is tuned,
provides the negative feedback to the base of
transistor Q1, This negative feedback prevents
oscilation at all frequencies except the one that
i not passed, permitting the system to oseil-
late at only the selected frequency,

HMHEATEIITY

The tuned {requency of the RC notch [ilter
eircuit may be calculated by the generalformula:

F- 1
2 7 RC

where F 1s frequency in hertz, R is resistance
in ochms, and C is capacitance in farads, How-
ever, since this notch filter is a specialized RC
network in which there are two resistances and
two capacitances, the formula for this network
then becomes:

1
Fa— - —
2nV R R, NCC, .

Since R, and R, will always be equal, the for-
mula simplifies to:

1

Fz ——mm—
21'.']1\1(:]-:‘:? .
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In the notch filter in the Sine-Square Audio
Generator R may consist of one or several
resistors in parallel; or

"= - C,=C,; andC, =C,,

R,

1
1 1
— _— +
R, Ry

R. represents the resistance value selected by
the Teng Frequency switeh for a particular fre-
cquency, This registance may consist of one re-
sistor, or a parallel combination of several
resistors, For example; for 20 Hz the two 5000 {1
resistors are selected and R, = 5000 &, for 40
Hz the two 2500 Q resistors are selected and
R, = 2500 Q, for 60 Hz both the 5000  and the
2500 £ resistors are selected in paralleland R,
= 1670 2,

R, represents the resistance value selected by
the Units Frequency switch for aparticular fre-
quency, The operation of this switch is identical
to that of the Tens Freguency switch, except
that the resistance values are ten times those
of the Tens Frequency switeh,

R, represents the resistance wvalue of the
Frequency Control when adjusted for a particular
frequency,

C, and Cy represent the capacitors on the Mul-
tiplier switch, The wvalue of C; will always be
10 times larger than the value of C, for all
positions of the Multiplier switeh,

1

2 mRC
tuned frequency of a notch filter is inversely
proportional to the value of its resistances and
capacitances, Therefore, to achieve anincrease
in frequency the resistance must decrease,
Likewise, for a tenfold increase in frequency,
by using the Multiplier switch, the capacitance
must decrease tenfold,

As shown in the generalformula F = *the

Any tendency of the oscillator toproduce signals
of increasing amplitude is controlled by lamp
L1, If the oscillator output increases, more cur-
rent is fed through the feedback circuit and
through lamp L1, This increased current causes
the filament of the lamp to heat slightly, which
causes its resistance to increase, This increase
in resistance attenuates the feedback signal to
the base of transistor Q2, The result is a regu-
lated output from transistor Q2,

DC base bias is provided to Q1 and Q2 through a
voltage divider that consists of resistors R5and
R6, and control R7, (Resistor R3 decreases the
gain of the differential amplifier to make it more
stable,) The voltage at the lower end of this divi-
der, and therefore at the bases of Q1 and Q2, is
made adjustable by being connected to the arm of
Bias control R9, whichis connectedinaDC volt-
age divider with R8 and R10,

The signal from the differential amplifier isdi-
rect coupled from the collector of Q2 tothe base
of voltage amplifier transistor Q3, From the col-
lector of @3, the signal is direct coupled to the
base of @4, and through diodes D1 and D2 to the
base of Q5, These diodes maintain a 1,2 volt
difference between the bases of transistors Q4
and Q5,

Q4 and Q5 form an emitter follower comple-
mentary-pair amplifier with no voltage gainand
a low impedance output, The output signal from
this stage is coupled to the square wave circuits
as a trigger signal and to the sine wave output
attenuator,

SINE WAVE OUTPUT ATTENUATOR

The sine wave signal from Q4 and Q5 is coupled
through capacitor C6 to Sine Wave Amplitude
control R106, From R106, the signal is coupled
through isolating resistor R107 to the meter
circuit and to the Sine Wave Amplitude switch,

The resistor network on two sections of this
gwitch comprise an eight-step voltage divider
{R109 to R121) which proportionately divides
the signal into steps of 10 dB each, The selected
voltage level is applied to the sine wave output
terminals, The remaining section of the switch
permits internal load resistor R122 to be con-
nected across the output terminals in the six
lowest output ranges,

METER CIRCUIT

Resistor R108 and meter calibration control R21
comprise a voltage divider through which some
of the signal from resistor R107 isbypassed for
monitoring by the panel meter, Diodes D3 and D4,
and load resistors R24 and R25 form a half-wave
bridge rectifier circuit for the output meter,
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BLOCK DIAGRAM

SQUARE WAVE GENERATOR

The square wave scction consists of a Schmitt trigger circuil
Of and 7, a power amplifier 8, and the aquare wave
atienuator. The square wave is produced by the Schmitl
trigger circuit, which is triggered by a sine wave signal that is
coupled through resistor R15 and Symmetry control R16 10
the base of Q6.

The Schmitl trigger civeuit has two slable stalez; one in
which Q7 is conducting and Q6 is cut off, and the other in
which 06 iz conducting and Q7 is cut ofT. The switching time
between these two states is extremely short, which permits
the vcireuit to [umlm'r A sfquare waye with a very fmst rase
time,

POWER

Dual-primary power transformer T1 can be
wired to operate from either 120 VAC or 240
VAC, The output from the secondary of T1 is
rectified by diodes D5 and D6 in a full wave rec-
tifier circuit, and filteredby the pifilter consist-
ing of capacitors C1 and C2 and resistor R27,

The switching is controlled by the voltage on the base of Q6.
Thiy vohtage varics with the rising and falling voltage of the
sine wave inpul, Symmetry control R16 s adjusied to
produce time inlervals between switehing on and swilching
off that are of equal lengih: therefore, producing o
symmetrical spuare wave,

The Schmitt tngger oulpul from the collector of transistor
Q7 is coupled through capacitor C8# to the base of emitter
Follower trangistor 08, which provides a low impedanes
output with no voltage gain, DY pralects the base of 08 rom
cxcessive megalive voltage. The output from DB passes
dircctly 1o Square Wave Amplitude control K101, From
R101, the square wave is applicd through the attenuator
network on the Square Wave Amplitude switch to the square
wave output terminals,

SUPPLY

Zener diode DT provides a repulated reference
voltage for the base of voltage regulator tran-
sistor Q10, which repulates the DC output at 43
volts, Capacitor C4 grounds AC feedback {rom
the sine wave generator at high freguencies,



CIRCUIT BOARD X-RAY VIEWS
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WAVE GENERATOR CIRCUIT BOARD
(VIEWED FROM FOIL SIDE)
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(VIEWED FROM FOIL SIDE)
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CHASSIS PHOTOGRAPHS

R122
RI11S c101
R116
ON LUG 12 —RITT R121
R113 R118
CONTROL
R106 R120
R107
ON LUG 11 —=RI114 R117
R119
R108 R104
R112 R102
R110
R1089
R103
R105
CONTROL
R101

HEATHXITY
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cX cX
OR OR
RZ RZ RX RX RX RX RY RY RY RY (89,4 cYy cYy

cX
OR
R123 RX ARX RX RX RY RY RY RY CY CY




REPLACEMENT

PARTS PRICE LIST

WAVE GENERATOR

The following prices apply only on purchases
from the Heath Company where shipment is toa
1,8,A, destination, Add 10% (minimum 25 cents)
to the price when ordering from an authorized
Service Center or Heathkit Electronic Center to
cover local sales tax, postage and handling, Out-
side the U,5,A, parts and service are available
from your local Heathkit source and will reflect
additional transportation, taxes, duties andrates
of exchange,

To owrder paris, use the Parts Order Form furnished with this

kit. If a Parts Order Form is notl available, refer to
Replacement Parts in the “Kit Builders Guide™.
PART PRICE DESCRIPTION
No.  Each - .
RESISTORS

1/2 Watt

1-54 .15 15 2

1-66 .15 150 &

1-97 .15 1100 &

1-68 .15 1600 &

1-89 15 2400 2

1-16 .15 4700 22

1-20 .15 10 k9

1-47 .15 56 k02

1-29 .15 220 k&

1 Watt

1-56-1 .15 1200 2
CAPACITORS

20128 .55 470 pF resin

21-16 .15 A1 gl dise

25-146 70 100 pl electeoly e

HMHEATEHRIT

PART PRICE DESCRIPTION
_No,  Each_ -
CONTROLS

10-155 1.00 T50 Q@

10-201 1.00 10 kO

DIODES-TRANSISTORS

56-26 40 Crystal diode
56=-56 .30 Silicon diode
5T7-65 «30 Silicon diode
417-94 1.00 2N3416 transistor
417-154  1.65 2N2369 transistor

417-201 00 X29A829 transistor

HARDWARE

250-89 .05 6-32 x 3/8" screw

254-1 05 #6 lockwasher
259-1 05 #6 solder lug
252-3 05 6-32 nut
250-175 05 2-56 x 3/8" screw
254-7 05 #3 lockwasher
252-51 05 2-56 nut
MISCELLANEQUS
206-24 L0 Lamp clip
412-60 1.15 Lamp
85-257-2 1.90 Wave generator circuit board
331-6 2D Solder
200-516 2.10 Chassis
2.00 Manual (See front cover for
part number, )
490-5 ] MNut starter
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PART PRICF
No, . E:l_ﬂ:_h _

POWER

DESCRIPTION

RESISTORS-CAPACITORS

1-1 15
1-89 .15
25-126 .15

47 1 1/2 watt resistor
2400 £ 172 watt resistor
50 F capacitor

DIODES-TRANSISTOR

56-66 1.35
57-85 .30
417-178  1.55

PART PRICE

No, Each
RESISTORS
1-83 .15
1-84 .15
1-66 .15
1-94 .15
1-63 .15
1-131 .15
1-96 .15
1-87 .15
1-4G8 .15
1-89 .15
1/2 Watt, 1%
2-249 1.00
2-248 1.00
2-2417 1.00
2-50 1.00
2-97 1.00
2-08 1.00
2-99 1.00
2-11 1.00
CAPACITORS
20-55 .30
27-84 1.80

VR 43 zener diode
Silicon diode
40389 transistor

SWITCH

DESCRIPTION

a6 2
g2 o
150 @
360 &
510 &
620 2
750 82
1100 £
1600 &
2400 &

2500 2 (2.5
3300 0 (3.3
5000 12 (5 ke2)
10 k&2
25 ki
33,3 k&
50 k£
100 k§2

ke)
k)

500 pF
05 pF

SUPPLY
PART PRICE DESCRIPTION
_No. ~ Each S
HARDWARE
250-89 .05 6-32 x 3/8" screw
254-1 05 #8 lockwasher
252-3 05 6-32 nut

MISCELL ANEQUS

54-205 5.25 Power transformer
85-256-2 1.90 Power supply circuit board
344-50 .Uﬁg’ft Black wire

344-52 05/t Red wire
PARTS

PART PRICE DESCRIPTION
_No,  Each_ _ o
Capacitors (cont'd.)

27-83 2.40 05 uF

27-82 2.95 G uF

27-81 5.00 5 uF

SWITCHES-CONTROL NUT

64483 8.25 A-position rotary with S00H1 82
control

- 1252 5.85 -position rotary with GO0 £2
control

64487 3.55 11-position rotary

HA-1HH 3.25 4-position rotary

2327 05 Contrel nut

WIRE'

344-50 05/ft  Black wire

344-51 L6/ft Brown wire

344-53 .05/t Orange wire

J44-54 05/t Yellow wire

344-55 L0514t Green wire

344-56 L5/t Blue wire

344-59 L0571t White wire



HEATHREIT

PART PRICE
_No, Fach
RESISTORS

1-495 15
1-23 15
1-102 15

Pape T3

CHASSIS PARTS

DESCRIPTION

a6l
27 k2
82 kD2

ELECTROLYTIC CAPACITORS

25-193 .90
25-205 1.85
27-110 .30

250 pF
300 pF
047 nF Mylar

CONTROL -SWITCHES

12-96
60-24

2.40
T

PLASTIC PARTS

TO-10 .25
TO=-11 LD
Te=-17 .15
To-30 .15
75-T1 .15
100-16-2 15
100-16-18 .15
100-699 25
207-3 15
261-28 10
413-10 .15
261-30 .20
HARDWARE

#6 Hardware

950-227 .05
250-26 05
250-304 15
250-89 05
250-229 05
250-535 2D
250-475 05
254-1 05
254-27 05
255-15 08
259-1 056
252-3 05

1 M dual control
Rocker switch

Black test lead insulator
Red test lead insulator
Binding post base insulator
Line cord strain relief,
round cord

Line cord strain relief, flat
cord

Binding post cap,
Binding post cap,
Binding post cap,
Cable clamp
Plastic foot

Red pilot lamp lens
Line cord retainer

black
red
gTeen

6-32 x 7/8'" phillips head
SCrew

6-32 x 5/8" screw

6-32 x T/16" spacer stud
6-32 x 3/8" screw

6-92 x 1/4" phillips head
screw

£-32 x 1/4" decorative head
SCTEW

6 = 1/4" sheet metal screw
#6 lockwasher

#6 external-internal lock-
washer

#6 x 1/2" spacer

#6 solder lug

6-32 nut

PART PRICE
No, Each
Other Hardware
252-T7 A5
2683-10 05
254-4 L5
252-32 M5
427-3 .15

METAL PARTS

93-401-2 3,90

100 -769 235
100-770 2.29
100-771 1.30
204-758-1 .55
210-35 4.35
211-32 .55
WIRE

Hookup Wire
344-50 05/t
344-51 05/t
344-54 05/t
344-55 L05/1t
344-51 L0571t
344-58 05/t
Other Wire

49-23 1.25
341-1 .10/1t
341-2 L10/1t

DESCRIPTION

Control nut
Control flat washer
Control lockwasher
Speednut

Binding post base

Cabinet half shell
Front panel

Rear panel

Side rail

End cap

Bezel

Handle

Black
Brown
Yellow
Green
Violet
Gray

Line cord
Black test lead
Red test lead

KNCBS AND BUSHINGS

455-50 .15
455-51 15
455-52 .16
462-245 .40
462-247 55
462-276 .40
MISCELL ANEQUS
253-85 05
260-16 .10
407-131 17.55
412-15 .30
431-41 .15
431-35 .15
438-47 20
259-20 05
421-22 65

Single knob bushing
Inner shaft knob bushing
Outer shaft knob bushing
Single knob

Outer shaft knob

Inner shaft knob

Felt washer

Alligator clip

Meter

Neon lamp

2-1lug terminal strip

7-lug terminal strip
Banana plug

Solder pin

3/4 ampere slow-blow fuse
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L. RESISTORS anD CARPACITORS, EXCEPT IHOS!

ARE RLMHEHED |h THE FOLLOWIRG GROUFPS:

LL
oo 1449

ra

ALL RESTSTORS ARI

PARTS WMOUNTED 0k CIRGUIT BOADS,

FARTS MOUNTED Ok CHASS 1S,

IM THE KGTTH FILTER CIRGLIT,

[0 WATT UKLESS MARKED BIHESWISE. RESISTOR
VALUES ARE 1N QHMS Te=L000,

3 ALL GAPACITORS ARE IN p= UNLESS MARKED OTHERWISE IpF -PICOFARAD

f ALL SWITCHES SHOWH IM FULL COUMTERCLOCKWISE POSITION WHEN WIEWED
FROM THE KROB ENG,

v I4DTCATES COMMON CISCUIT GROUND.

b, = INDICATLY CHASS1S GROUMD

T REFER 1O Tdg CHASSIS PHOTOGRAPHS AMD CIRGUIT BOARD X-RAY WIEWS
FOKE THE PHYSTCAL LOCATIUN OF PARTS.

8. <00 YDLTAGES TO EITHER COMMON OUT2LT
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9. []-oc voLtass,

THE SAME AS ABOY]
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ALL FREGQUEMC Y SWITCHES AMD CONTROL
COW, ALL AMPLITUDE SWITCHES AND COKTROLS FULLY CW._ VOLIAGES =10%.

LECEPT 3YMMLITRY CONTROL

FULLY LW,
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SINE WAVE GENERATOR SCLARE
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