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STANDARD COLOR CODE — RESISTORS AND CAPACITORS

INSULATED FIRST RING SECOND RING THIRD RING -
AXIAL LEAD RESISTOR UNINSULATED BODY COLOR END COLOR DOT COLOR
Brown — nsulated Color First Figure Second Figure Multiplier DISC CERAMIC RMA CODE
Black — Non-insulated BLACK 0 0 None -Doi o 3-Dot
N B%{OWN 1 1 g ST aposity
RED 2 2 0 .
ORANGE 3 3 ,000 Moultiplier
YELLOW 4 4 0,000 Tolerance
Tolerance GREEN 5 5 00,000
Multiplier g%gEET 6 6 0 880,800
- Ist and 2nd Significant Figures 7 7 :000,000 Temp. Coeff.
Wire wound resistors have %%%E 8 g Ogg’ggg*ggg emp. Coe
Ist digit band double width 9 » YUY,
RADIAL LEAD DOT RESISTOR 5-DOT RADIAL LEAD. CERAMIC CAPACITOR EXTENDED RANGE TC CERAMIC HICAP
Mulsipli Capacity Capai
h ultiplier Temp.. Temp. Coeff. f / apacity n
® 2nd Figure Coeff. §§
,1 i Tolerance
Ist Figure Multiplier TC Muitiplier  Multiplier  Tolerance
RADIAL LEAD (BAND) RESISTOR BY-PASS COUPLING CERAMIC CAPACITOR AXIAL LEAD CERAMIC CAPACITOR
Moltiplier ' Cupaciiy £ Temp. Coeff Camaci
4] Voltage p- Coelt. pacity
\
2nd Figure § §§ § (opt.)
IR [l Multiplier — Tolerance N Multiplier Tolerance
Tolerance Ist Figure

The standard color code provides all necessary information re-  The physical size of carbon resistors is determined by their

quired to properly identify color coded resistors and capacitors.
Refer to the color code for numerical values and the Zeroes or
multipliers assigned to the colors used. A fourth color band on
resistors determines tolerance rating as follows: Gold = 59,
silver = 10%,. Absence of the fourth band indicates a 209,
tolerance rating.

wattage rating. Carbon resistors most commonly used in Heath-
kits are 14 watt. Higher wattage rated resistors when specified
are progressively larger in physical size. Small wire wound
resistors 34 watt, 1 or 2 watt may be color coded but the first
band will be double width.

MOLDED MICA TYPE CAPACITORS

CURRENT STANDARD CODE RMA 3-DOT (OBSOLETE) BUTTON SILVER MICA ~
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— Working Voltage
=3 Rear
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DHH Multiplier
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Blank
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Working
Voltage

%
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Ist
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3rd

Working Voltage

W
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PO
DP S
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MOLDED PAPER TYPE CAPACITORS

o JAN. CODE CAPACITOR
TUBULAR CAPACITOR 2::‘:$S|gmﬁmnt Figure MOLDEBOE;“AGL'.:?:QC"OR " st | Significant
i Multiplier Black ) Working Volts Silver 2ndf Figure
NNNN NN Normaily ac
— §|§I§I§I§ § = stamped for Body
NNN N NN | value =
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The tolerance rating of capacitors is determined by the color
code. For example: red = 29, green = 5%, etc. The voltage
rating of capacitors is obtained by multiplying the color value
by 100. For example: orange = 3 X 100 or 300 volts. Blue —
6 X 100 or 600 volts.

In the design of Heathkits, the temperature coefficient of ceramic

or mica capacitors is not generally a critical factor and there-

fore Heathkit manuals avoid reference to temperature coeffi-

cient specifications. ‘
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SPECIFICATIONS

Tuning Range:. .. ....viiiiiii e ennnennn 88-108 mc
IF Frequency:.....c..ouoeteeuareennrennnnsennns 10.7 mc
Antenna Input Impedance:.................... 300 @
Output Impedance: )

FixedOutput.............c.ciiiiiaa.. 47 KQ

Variable Output. .. .......... ... it 15 KQ
Output Voltage: (30% modulation at 100 pv input)

Fixed Output............. ..o, 0.12 volts

Variable Qutput. .. ......... ... ..ot 1.5 volts
400 Cycle Distortion (Aligned):

100 pvolts 1000 pvolts 100,000 pvolts
Deviation A B C A B C A B C
+75 ke 2.5% 1.3% 1.2% 1.5% 0.3% 1.2% 2% 0.3% 1.7%

- +22.5 ke 1.2% 1.1% 0.1% 1% 0.9% 0.1% 0.8% 0.8% 0

A = total measured distortion, B = distortion indication with no modulation (source and tuner
noise), C = signal distortion.

20db Quieting Sensitivity: UNALIGNED ALIGNED
BB MC. ... i e 8 uvolts 5 uvolts
9B mMC. ..t e e s 10 pvolts : 8 uvolts
108 me. ..o e e 15 upvolts 9 uvolts

Frequency Response: (at end of 6' length of RG58A /U cable):

10 v 100 v 1000 /v 10,000~ 20,000V
+5
o DB -
/ hamm —
-5 _— ] T~
N
N\
bl (o]

HIGH LEVEL OUTPUT L \FASURED AT END OF & FOOT LENGTH RG58A/U CABLE
= = == LOW LEVEL OUTPUT

OVERALL CORRECTED FREQUENCY RESPONSE HEATHKIT FM-3 FM TUNER

Tube Complement:..............cccvvvvnnn. 1 - 6X4 rectifier ,
1 - 6BQ7A cascode type RF amplifier
1 - 6U8 oscillator-mixer
2 - 6CB6 IF amplifier

. 1 - 6AL5 ratio detector

1 - 6C4 audio amplifier
Power Requirements........................ 105-125 volts 50-60 cycles AC 35 watts
Dimensions Overall....................c..... 12 9/16" long x 3 5/8" high x 5 7/8" deep
NetWeight........... .. . .., 5 lbs. 1 oz.
Shipping Weight. . ........................... 7 lbs.

NOTE: Measurements given above were taken on representative tuners. Variations from these

measurements are tobe expected due tonormal production deviations in components, lead place-

ment during wiring and similar changes. The following instruments were used during tests:
Measurements Corporation 78 FM Signal Generator, Krohn-Hite 430-A Audio Oscillator
Heathkit HD-1 Harmonic Distortion Analyzer
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CONDITIONS: 78 FM generator terminated with 150 O resistors between output terminals and
FM-3 input terminals to properly match impedance. Line voltage, 117 volts 60 cycles AC.
Measurements taken from high level output with input frequency 98 mc unless otherwise stated.

FEATURES

to align. The ratio detector is capable of excellent performance and has the advantage of being
self AM limiting, eliminating the need for two limiter stages. This design economy seems to
have made some high fidelity enthusiasts suspicious of the circuit, without good reason for this
feeling. An advantage is gained by not using limiters, since the "limiting threshold" is elimin-
ated. Weak FM stations cannot overcome this threshold and so are heard highly distorted and
with high background noise, Obviously, these stations cannot be enjoyed and the usefulness of
the tuneris limited to stronger stations, although the tuner may be specified as 5 microvolts for
30 db quieting. The standard type of discriminator is sensitive to AM and if the limiters do not
remove all AM from the IF carrier, severe distortion and high noise levels will result. Perfor-

cuit, but is Substantially superior on weak stations whichare receivedat a signal strength roughly
equivalent to the specified sensitivity of the tuner. Of course noise levels will rise with very
poor signals, but the accompanying distortion does not occur until the signal becomes too weak
to be useful at all.

strong signals sothat the variations are not very noticeable except in the case of extremely weak
stations.

High gain tubes are used in the IF and mixer stages of the tuner to give high sensitivity and to
aid the detector in its function. A high gain, low noise cascode type RF amplifier ig used for
the same reason, as well as to isolate the local oscillator from the antenna. Loading and "'pull-
ing" of the oscillator by the antenna circuit is minimized in this manner and external radiation
from the oscillator is substantially reduced.

Sensitivity of the Heathkit FM-3 tuneris high enough that very satisfactory performance will be
obtained with an indoor antenna made up of 300 Q twin lead, if reasonable signal strength is pre-
valent in the area. Best "fringe' performance will be obtained with an outdoor type of antenna
as discussed in the manual.
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INTRODUCTION

Althoughlow in price, the Heathkit FM-3 FM Tuner is soundly engineeredand is capable of high
sensitivity, stable performance. Careful chassis layout, straightforward circuit design and
specially selected components contribute to this result.

Two outputs are provided, one at low level which is not affected by the volume control on the
tuner, and the other at high level which is controllable. Thus, the tuner can be used with high
gain high fidelity systems which have a level set control onthe input, such as the Heathkit WA-P2
Preamplifier, or with any amplifier by using the high level controllable output.

Good performance canbe obtained by connecting high level output to transformer operated port-
able phonograph players which have an extra input connection provided or radio and TV sets which
have phono inputs. Practically any transformer operated radio or TV set can be modified for use
as an amplifier and any competent serviceman can make this addition at a nominal charge. The
tuner must not be operated with AC-DC equipment. See instructions under "Installation" in back
of manual.

For best performance, the tuner should be used with a high fidelity type of system, since it is
only with a wide range system that the full benefit of FM can be realized. The advantage of FM
over AM reception will be readily apparent with any type of amplifier, however.

CIRCUIT DESCRIPTION

The Heathkit FM-3 FM Tuner is a seventube, AC operated superheterodyne receiver employing
high gain tubes in all RF circuitry. Careful layout of the components allows this high gain tobe
realized without troublesome instability.

A high gain cascode type radio frequency (RF) amplifier is used ahead of the tuner to increase
the overall gain of the receiver and to reduce oscillator and other RF leakage to the antenna. A
6BQ7A twin triode tube is employed in this circuit, connected in an unconventional manner. In-
coming signal is first applied to the antenna coil, the purpose of which is to match the antenna
impedance (300 Q) to the tube input impedance and to tune this input to the FM broadcast band.
This coil is "broadbanded" to tune the entire FM band at once by using a low value resistor and
condenser across the coil. Automatic Gain Control (AGC) is used on the 6BQ7A input grid, so
it is necessary tofeed the signal from the coil tothe grid through a 47 puf condenser which will
pass the high frequency RF, but will block the Direct Current (DC) from the antenna coil.

The first half of the 6BQ7A tube acts as a conventional triode voltage amplifier. Its plate load
is made up of the plate resistance of the second half of the tube which is in series with the first
and the 10 KQ resistor connected to B+ (high voltage DC). Voltage amplified by the first half of
the tube is connected through a neutralizing choke to the cathode of the second half, causing it to
swing by approximately the same amount. The neutralizing choke is made to be resonant with
the circuit and tube capacity in the middle of the FM band, which gives added gain to the stage
and prevents oscillation. Gain in the second half of the tube is accomplished by effectively ty-
ing the grid to ground through a .001 ufd condenser and isolating the grid from the cathode with
a 470 KQ resistor. Thus, the grid remains at a fixed potential while the cathode voltage is
varied, causing the tube to act as though the grid potential were changing. Operation is much
the same as a grounded grid amplifier. Loading for the second half of the 6BQ7A is provided
by a 10 KQ resistor tied to B+ and this load is tuned through a 3.3 puf condenser to the RF coil
on the tuning condenser assembly. The main advantage of this circuit is that high gain, equiva-
lent to that of a pentode, can be obtained at a much lower noise figure.

Signal from the RF amplifier and RF coil on the tuning assembly is coupled to the 6U8 pentode
grid through a 47 puf condenser and the signal is amplified. The triode section of the 6U8 is
used as an oscillator of the standard Hartley type. Since the oscillator and RF signals are both
present in the tube, they mix in such a manner that the sum and difference of the two frequencies
are present at the output of the pentode, as well as the RF and oscillator signal.
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The oscillator frequency is selected so it is always 10.7 megacycles (mc) higher than the fre-
quency of the RF section. Therefore, the difference will always be 10.7 mc. It is to this fre-
quency that the intermediate frequency (IF) transformers are tuned. This function of changing
frequencies is known as the Superheterodyne Principle. Improved selectivity and gain is ob-
tained due to the fixed tuned IF transformers, which are designed to give optimum performance
at one frequency only.

Amplification of the IF signal takes place in the first 6CB6 stage. The first IF transformer
passes the 10.7 mc signal and rejects almost all unwanted signals. This signal is connected to
the grid of the 6CB6 tube. The signal is boosted or amplified by the tube and fed to the second
IF transformer, which is connected to the plate circuit of the 6CB6. Any residual unwanted sig-
nal that might remain is eliminated by this transformer. Exactly the same thing happens in the
second 6CB6 IF stage. Additional amplification takes place and the signal is passed on to the
ratio detector transformer which is connected to the plate of the tube.

Detection of an FM signal involves a different principle than that used for AM demodulation, due
to the different nature of the transmitted signal. Amplitude Modulation (AM) refers to a carrier
signal whose amplitude or strength is varied at a rate depending on the frequency of the modul-
ating intelligence and whose height depends on the relative volume or loudness of the audio, the
carrier frequency remaining constant. For FM, the carrier amplitude is held constant and the
carrier frequency varies onboth sides of the center frequency at a rate determined by the mod-
ulating frequency and a frequency swing proportional to the volume of the modulating sound.

Thus it is apparent that any amplitude variations on an FM signal contribute nothing to the de-
tected audio and so amplitude variations can be clipped off in the IF stages or cancelled out in
the detector, which is done in the Heathkit FM-3. Random noise, ignition pulses from gasoline
engines and electric motors and static from electrical storms are all forms of amplitude modul -
ation which come through an AM receiver as interference but are eliminated or substantially
reduced in an FM receiver due to its AM suppressing action. Hence, the quiet performance of
FM which makes it so ideal for high fidelity listening.

A Ratio Detector is used to demodulate the FM signal in this tuner. The two halves of a 6ALS
duo-diode are connected in a series fashion through the ratio detector transformer. Connections
to the tube are indicated on the schematic diagram. Contrary to usual practice with the some-
what better known discriminator type of detector, one winding of the transformer secondary is
connected to a diode plate, while the other is connected to the cathode of the remaining diode .
The remaining plate and cathode are connected to a balanced resistance network and an electro-
lytic condenser. When IF signal is present at 10.7 mec, a reference DC voltage is established at
the condenser. Frequency deviations from the 10.7 mc center result in positive or negative
current variations depending on direction of frequency swing. These variations are taken out
as audio voltage from a tap at the center of the transformer secondary. An RF reference for
this secondary is furnished by a third winding, which sets up the phase relationships necessary
for FM detection. Amplitude modulation of all types will be applied to both diodes at the same
time with a resulting increase in average current drawn through the two diodes. Voltage surges
of this type are absorbed by the reference electrolytic condenser previously mentioned and are
thus cancelled out. A certain amount of unbalance will always be present in the circuit however
S0 some response to noise will be evident when listening to weak signals.

Audio from the tapon the transformer secondary is passed through a 68  resistor and a 270 puf
condenser network to bypass all remaining IF energy to ground, leaving only pure audio signal.
Next, this signal is passed through a 68 KQ resistor and a .001 pfd condenser network, which
comprises the ""de-emphasis' network required to restore the audio to a "flat" response. High
frequency "pre-emphasis" is used at the transmitter tokeep low frequency deviationdown and to
improve signal to noise ratio at the receiver. ''De-emphasis" at the receiver attenuates high
audio frequencies at the same rate as the pre-emphasis at the transmitter and the resulting res-
ponse is "flat." Most noise picked up by and generated in the receiver falls in the high audio
frequency range and this noise is attenuated by the de-emphasis network at the same time as the

audio is flattened out.
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Signal from the de-emphasis network is connected tothe volume control, which is a fixed resis-
tor with a sliding tap. By moving the position of thetap it is possible to selectany desired por-
tion of the entire signal appearing across the fixed terminals of the control. The low level fixed
amplitude signal is taken out of the fixed resistance terminals of the control and so the control
has no effect on this output. Output from the variable tap is connected through a condenser to the
grid of the 6C4 audio amplifier.

Conventional circuitry is used in the 6C4 stage which is wiredas a standard resistance-capacity
coupled amplifier. An unbypassed cathode bias resistor is used and this resistor reacts with
the cathode circuit to provide bias for the tube. Although stage gain is reduced by not using a
bypass condenser, noise and distortion are reduced even more because of the current feedback
introduced by the unbypassed cathode resistor. A low value of plate load resistance is used (47
KQ) to keep output impedance low. This is desirable in order to reduce hum pickup in the in-
terconnecting audio cable and to minimize high frequency loss.

In order to avoid distortion, loss of gain and overload, it is necessary to "bias' the tubes in an
RF or audio amplifier in some manner. This term refers to application of a negative potential
on the grid of a tube in respect to the cathode. If the grid (the tube control element) is at the
same potential as the cathode (the heated electron emitting element), an applied signal voltage
will cause the grid to draw current since the grid and cathode form a rectifier, or diode, under
these conditions. When grid current is drawn, the portion of the waveform involved is clipped
off or distorted by the diode action. In most cases, this is very undesireable and bias is applied
to the grid sothat signalvoltage canbe varied without swinging the grid potential positive in res-
pect to the cathode. A number of methods can be used to obtain a negative voltage on the grid,
two different methods being used in the FM-3. The 6BQ7A, 6CB6's and the 6C4 employ cathode
bias, where the current drawn by the tube is passed through a resistor in the cathode circuit s
causing the cathode to become positive in respect to ground. Since the grid is tied to ground
through a resistor or an IF transformer, the cathode will be positive in respect to the grid,
which is the same as making the grid negative in respect to the cathode.

Contact bias is used in the 6U8 stage. If the cathode of a tube is tied directly to circuit ground
and the grid returned to ground through a high resistance, a very small amount of current will
be drawnby the grid. This current will be limited by the resistor however, and a slight negative
voltage will appear at the grid. Biasing in this manner is useful where cathode impedance must
be kept low and the signal level is low.

AGC (automatic gain control) action is obtained by feeding the negative DC voltage developed at
the 6ALS5 ratio detector back to the 6BQ7A RF amplifier grid through an isolating network con-
sisting of a 330 KQ resistor and a .01 ufd condenser. This network filters out all RF, IF and
audio energy, preventing interaction between the input and output stages of the tuner. The DC
voltage developedat the 6AL5 is proportional to the incoming signal strengthand so is useful as
a gain controlling voltage. When the voltage, or bias, at the grid of a tube is increased in a
negative direction, the gain will be reduced. Thus, the stronger the signal, the less sensitive
the set becomes, which tends tokeep the audio level relatively constant and prevent overloading
when tuned to very strong signals.

Power for the receiver isobtained from the power supply, whichinvolves the power transformer,
the 6X4 tube and the electrolytic filter condenser. The transformer supplies filament voltage
for all tubes and high AC voltage to the plates of the rectifier. The rectifier action is exactly
the same as that taking place in the 6AL5 diode detector described above. The output voltage
is a series of positive pulses, one for each half of the 60 cycle line waveform. The voltage ap-
plied to the tubes must be free of these pulses, or ripple, or only a loud buzz will be evident
from the speaker system. It is for this reason that the high capacity filter condenser is used.
The first section of the condenser charges to the voltage from the 6X4 tube. When the tube is
not conducting, the condenser starts to discharge through the load presented by the other tubes
in the receiver. However, the next positive charge takes place before the condenser has time
to discharge fully, so the voltage is smoothed out somewhat.
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Final filtering action takes place in the second section of the filter condenser. This section is
isolated from the first by a 1000 Q resistor which tends to help smooth the voltage because it
resists current variations in the filter circuit. The second section of the condenser smooths
out any variations passed by the first partof the condenser and the voltage output is ""pure" dir-
ect current (DC).

UNPACK THE KIT CAREFULLY AND CHECK EACH PART AGAINST THE PARTS LIST. In
S0 doing, you will become acquainted with each part. Refer to the charts and other information
shown on the inside covers of the manual to help identify any parts about which there may be a
question. Hardware parts are identified pictorially in the back of the manual, after the parts
list. If some shortage is found in checking the parts, please notify us promptly and return the
inspection slip with your letter to us. Hardware items are counted by weight and if a few are
missing, please obtain them locally if at all possible. Handle the tuning assembly with care.
Calibration will be destroyed if coils are bent or trimmer condensers turned.

Read the note on soldering on the inside of the back cover and the instructions under WIRING
OF THE FM-3 FM TUNER. Crimp all leads tightly to the terminal before soldering. Be sure

~ both the lead and terminal are free of Wax, corrosion or other foreign substances. Use only the

best rosin core solder, preferably a type containing the new activated fluxes such as Kester
"Resin-Five, " Ersin "Multicore" or similar types.

Resistors and controls gene
parts list. Therefore, a 100 KQ resistor may test anywhere from 80 KQ to 120 KQ. (The letter

furnished with your Heathkit have been specified so as to not adversely affect the operation of
the finished instrument.

We strongly urge that you follow the wiring and parts layout shown in the manual. The position
of wires and parts is quite critical in this tuner and changes may result in oscillation or other
undesireable performance characteristics.

STEP-BY-STEP ASSEMBLY INSTRUCTIONS

The Heathkit FM-3 FM Tuner is a complex and critical instrument. We very strongly urge that
the step-by-step instructions be followed exactly, rather than constructing the unit from pictor-
ials and schematic alone, Special instructions regarding sequence of assembly and lead lengths




The following instructions are presented in a simple, logical, step-by-step sequence to enable
you to complete your kit with the least possible confusion. Be sure toread each step all the way
through before you start todo it. When the step is completed, check it off inthe space provided.

We suggest you do the following before any work is started:

1. Attach the large fold-in pictoriats to the wall above your work space.

2. Go through the entire assembly and wiring instructions. This is an excellent time to read
the entire instructions section through and familiarize yourself with the procedure.

3. Lay outall parts so that they are readily available. Refer tothe general information inside
the front and rear covers of this manual to help you identify components.

In assembling this kit, use lockwashers under all nuts, unless otherwise specified. Tube sockets
are mounted on the wiring side of the chassis, the same as most other components. Other de-
tails of construction are included where pertinent in the instructions.

CHASSIS TOP

Figure 2

( ) Place the chassis on the bench so that it corresponds to Figure 1. The cutouts for the IF
transformers must be located at the upper right. Note that this chassis isused in a different
manner, in thatall wiring is done onthe open side and this side is considered as the chassis
bottom. When observing the chassis with the flanges upward, you are looking at the top. If
in doubt, check the pictorials and the inside photographs on Page 1. —
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(/) Mount a 7-pin tube socketat location A. Use 3-48 screws and nuts, with lockwashers under
both nuts. Make sure that the entire socket is mounted on the wiring or bottom side of the
chassis. The pins will short to the chassis if the socket is mounted on top. Place the gap

betweenpins 1 and 7 to the right as shown in Figure 1. Refer to Figure 4 and note clockwise
pin number sequence.

? 3-48 SCREWS
(<) In similar fashion, install a 9-pin socket at |
location B. Mount a ground lug under the

- 0 = |»';| a—

I CHASSIS
=% SOCKET

right hand nut as shown. Orient the socket I
in the same direction as socket A. Bend

the ground lug straight up. SOLDER I |

) In the same manner, mount a 9-pin socket we _4; uu lQl Mﬂ I
!

oD !

at C. Observe socket orientation. Place a LOCKWASHERS
ground lug under each nut and bend straight D NuTS

up. Figure 3

( /f Install a 7-pin socket at location D with 3-48 hardware. The blank space between pins 1 and
7 is toward the center of the chassis. Mount a ground lug under the centermost nut and
bend up.

( /f Similarly, mount a 7-pintube socket at location E. Place a ground lugunder the nut nearest
the center of the chassis and bend up.

(V) Mount a 7-pin tube socket at location F, with the gap between pins 1 and 7 to the right. In-
stall a ground lug under the nut nearest the gap and bend up.

(\ Install a 7-pin tube socketat location G in the same fashion, with a ground lug under the nut
nearest the gap. Bend the lug upward.

(#) Mount 3/8" rubber grommets in holes H and L.

(¢.-) Mount 5/16" rubber grommets in holes J and K.

(v Install a 2-lug terminal strip (1-lug grounded) at location U, using 6-32 x 3/8 hardware .
Orient as shown in Figure 1.

(V{Mount a 2-lug terminal strip (1-lug grounded) at location V in the same manner.

() At location T, secure two 3-lug terminal strips with one 6-32 x 3/8 bolt as shown.

6-32X 34 SCREWS

p

9—PIN
SOCKET

Figure 4

Figure 5

(4 Secure a 2-lug terminal strip at location M, orienting as shown in Figure 1.
( Install the #6 solder lug with a 6-32 x 3/8 screw and nut at location N. No lockwasher is
needed since this lug incorporates a self-locking feature.

(/{ Refer to Figures 1, 2 and 5 and blace a 6-32 x 3/8 screw through a 3-lug terminal strip,

through chassis location S from the top, a 3-lug terminal strip, lockwasher and nut. Ob-
serve the orientation of the two strips. :
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(/)/ Observe Figure 6 and mount a 4-1ug IF trans-
former at location W, on top of the chassis.
This transformer is placed so that thegreen
dot or #1 lug is nearest pin 1 of socket D.
Hold the transformer inplace with your fin-
gers or hold the assembly against the work-
bench and push a mounting clip through the
two remaining chassis slots. Push one side
down until the clip locks inplace on one side
of the transformer. Then push the other
side down with a screwdriver until the end
locks in place on the opposite side of the
transformer.

DETECTOR
IF TRANSFORMER

(\/{ In the same manner, installa4-lug IF trans- IF TRANSFORMER [T
former at location X, with the green dot
nearest pin 1 of socket E.

GREQN DOT
('\/) Similarly, install the 6-lug ratio detector

transformer at Y. The side with a green dot
should be to the right and the number 1 pin
near pin 7 of socket F.

Figure 6

NOTE: The tuning assembly has beencarefully adjusted at the factory. Since these adjustments
are critical, the unit must be handled very carefully if calibration is to be maintained. Avoid
touching the coils and leave the condenser plates fully meshed to avoid damaging them.

( Mount the tuning condenser assembly at location PQR orienting it as shown. Place short
6-32 x 3/16 screws through locations P and R, with lockwashers under the heads. Do not
install a screw at Q yet. Dress the .001 ufd disc condenser under the oscillator coil as
shown in Pictorial 1 and Figure 8.

(;/) Place a small 6-32 x 3/16 screw through a lockwasher and 3-lug terminal strip and then
through location Q into the remaining mounting of the tuning assembly. See Figures 2 and 5.

This completes the mechanical assembly of the chassis.

»

WIRING OF THE FM-3 FM TUNER

NOTE: ALL GUARANTEES ARE VOIDED AND WE WILL NOT REPAIR OR SERVICE
INSTRUMENTS IN WHICH ACID CORE SOLDER OR PASTE FLUXES HAVE BEEN
USED. WHEN IN DOUBT ABOUT SOLDER, IT IS RECOMMENDED THAT A NEW
ROLL PLAINLY MARKED "ROSIN CORE RADIO SOLDER" BE PURCHASED.

Pictorial 1 on Page 14 is a representation of the completed main chassis wiring. We again sug-
gest that you use the large fold-in pictorials for reference as the work progresses. They are
duplicates of the pictorials in the manual. Read the notes onthe inside rear cover and on Page
12 concerning wiring and soldering.

Refer to Pictorial 1. Note that each component part has been given a code designation which
corresponds with the identification used during the assembly of the kit. In addition, each ter-
minal on the part has also been assigned a number. ¢

When the instructions read, ""Connect one end of a 100 KQ resistor to tube socket A2 (NS)," it will
be understood that the connection is tobe made tocontact pin 2 of tube socket A. The abbrevia-
tion "NS" indicates that the connection should not be soldered as yet, for other wires will be
added. When the last wire is installed, the terminal should be soldered and the abbreviation
"S" is used to indicate this.
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Leads on resistors, condensers and transformers are generally much longer than they need to
be to make the indicated connections. In these cases, the excess leads should be cut off before
the part is added to the chassis. In general, the leads should be just long enough to reach their
terminating points. Not only does this make the wiring much neater, but in many instances the
excessively long leads will actually lead to instability or oscillation.

The pictorials indicate actual chassis wiring, designate values of the component parts and show
color coding of leads where pertinent. We very strongly urge that the chassis layout, lead place-
ment and grounding connections be followed exactly as shown. While the arrangement shown is
probably not the only satisfactory layout, it is the result of considerable experimentation and
trial. Grounding around the 6BQ7A and 6US8 is especially critical and changes will invariably
lead to trouble with oscillation. If the layout is followed carefully, it will result in a stable in-
strument operating at a high degree of sensitivity and dependability.

of leads connecting to the terminal in question. For example, if the instructions read "Connect
a 470 KQ resistor from socket B7(S) (2) to B8 (NS)," it will be understood that there will be two
leads connected to the terminal at the time it is soldered. This additional check will help avoid
wiring errors.

improper soldering.

Correct soldering technique is extremely important. Good solder joints are essential if the
performance engineered into the kit is to be fully realized. If you are a beginner with no ex-
perience in soldering, a half-hour's practice with odd lengths of wire and a tube socket will be
a worthwhile investment.

High quality solder of the proper grade is most important. There are several different brands
of solder on the market, each clearly marked "Rosin Core Radio Solder." Such solders consist

ture such as 40:60, 45:55, etc. with the first figure indicating the tin content. Radio solders
are formed with one or more tubular holes through the center. These holes arefilled with a rosin
compound which acts as a flux or cleaning agent during the soldering operation.

NO SEPARATE FLUX OR PASTE OF ANY KIND SHOULD BE USED. We specifically caution
against the use of so-called '""non-corrosive' pastes. Such compounds, although not corrosive
at room temperatures, will form residues when heated. The residue is deposited on surround-
ing surfaces and attracts moisture. The resulting compound is not only corrosive but actually
destroys the insulation value of non-conductors. Dust and dirt will tend to accumulate on these
"bridges' and eventually will create erratic or degraded performance of the instrument.

INSTR.UMENTS, IN WHICH ACID CORE SOLDER OR PASTE FLUXES HAVE BEEN
USED. WHEN IN DOUBT ABOUT SOLDER, IT IS RECOMMENDED THAT A NEW
ROLL PLAINLY MARKED "ROSIN CORE RADIO SOLDER" BE PURCHASED.
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If terminals are bright and clean and wires free of wax, frayed insulation and other foreign sub-
stances, no difficulty will be experienced in soldering. Crimp or otherwise secure the wire
(or wires) to the terminal, so that a good joint is made without relying on solder for physical
strength. To make a good solder joint, the clean tip of the soldering iron should be placed
against the joint tobe soldered so that the terminal is heated sufficiently to melt solder. The sol-
der is then placed against both the terminal and the tip of the iron and will immediately flow out
over the joint. Referto the sketch below. Use only enough solder to cover wires at the junction,;
it is not necessary to fill the entire hole in the terminal with solder. Excess solder may flow
into tube socket contacts, ruining the socket, or it may creep into switch contacts and destroy
their spring action. Position the work sothat gravity tends tokeep the solder where you want it.

s

=

\

o

A poor solder joint will usually be indicated by its appearance.
The solder will stand up in a blob on top of the connection s
with no evidence of flowing out caused by actual "wetting' of
the contact. A crystalline or grainy texture on the solder
surface, caused by movement of the joint before it solidified
is another evidence of a "cold" connection. In either event,
reheat the joint until the solder flows smoothly over the en-
tire junction, coolingto a smooth bright appearance. Photo-
graphs in the adjoining picture clearly indicate these two
characteristics.

A good, clean, well-tinned soldering iron is also important
to obtain consistently perfect connections. For most wiring,
a 60 or 100 watt iron, or the equivalent in a soldering gun,
is very satisfactory. Smaller irons generally will not heat the connections enough to flow the
solder smoothly over the joint and are recommended only for light work, such as on etched cir-
cuit boards, etc. Keep the iron tip clean and bright. A pad of steel wool may be used to wipe
the tip occasionally during use.

Take this precaution and use reasonable care during the assembly of the kit. This will insure
the wonderful satisfaction of having the instrument operate perfectly the first time it is turned
on. ‘
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STEP-BY-STEP WIRING INSTRUC TIONS

(v7 Bend the four mounting frame tabs on sockets B and C back over to chassis since they will
not be used.

(wJ Connect a short piece of bare wire from tube socket A3 (NS) to the center post A8 (NS).

(v/) Connect a short piece of bare wire from tube socket B4 (NS) through the center post B10 (NS)
and lug B9 (NS) to ground lug Bl1l (NS). Wrap the wire around the ground lug near to the
chassis to make room for other components which will be added later. Now solder B9 1)
and B10 (1). Note that the center post can be rotated with pliers if necessary to line up the
holes.

NOTE: Good solder connections are essential if stable and reliable performance is to be ob-
tained. If not thoroughly familiar with good soldering technique, it is recommended that the
paragraphs under the heading PROPER SOLDERING PROCEDURE be reviewed at this time.
Careful attention to soldering procedure may save considerable trouble shooting time upon com-
pletion of the tuner. ) ,

(‘/) Dress the .001 ufd disc condenser connected to the tuning assembly P5 under the oscillator
coil as shown in Pictorial 1 and cut the free end to a length sufficient to reach C1. Connect
this free end to socket C1 (NS) (use sleeving). Dress tight to chassis, making sure none of
the wires short to ground. Take care not to abuse the coils on the tuning assembly or the
calibration may be disturbed.

(/ ) Connect the bare wire from tuning assembly ground lug P5 to socket ground lug C11 (NS).

Secure close to chassis and make sure the wire does not touch the tuning coil at any point..

(/) Run a short bare wire from socket ground lug C11 (NS) through center post C10 (NS), through

lug C5 (NS) to ground lug C12 (NS). Now solder C5 (1).

(v') Connect a short bare wire from socket D4 (NS) through center post D8 (NS), through D7 (NS)
to ground lug D9 (NS). Now solder D8 (1).

(") In the same manner, connect a short bare wire from socket E4 (NS) through center post E8
(NS) and pin E7 (NS) to ground lug E9 (NS). Now solder E8 (1).

(V) Connect a short bare wire from socket F3 (NS) through center post F8 (NS) to ground lug F9
~ (NS). Now solder F3 (1) and F9 (1).
(V) Run a bare wire from socket F6 (S) (1) to center post F8 (S) (2). Make sure the solder flows
/ over all wires connected to F8.
() Connect a bare wire from socket G3 (NS) through center post G8 (NS) to ground lug G9 (NS).
Now solder G3 (1) and G8 (1).

Before continuing the wiring, check all sockets to see that none of the bare wires are touching
any contacts other than those to which they are attached. If wires are close to contacts, bend
them away slightly to avoid the possibility of short circuits.

('/ ) Connect an insulated wire from socket center post A8 (S) (2) to socket B4 (S) (2).

(v/) Run a wire from socket Ad (NS) to socket B5 (NS). Dress tight to chassis near sockets as
shown.

(V') Connect a wire from socket B5 (NS) to socket D3 (NS). Dress the wire tight to chassis be-
hind terminal strip S and between IF transformer W and socket D.

(/) Connect a wire from socket B5 (S) (3) to socket G4 (S) (1).

( «/ ) Run a wire from socket D3 (NS) to socket E3 (NS).

(y) Route a wire from socket E3 (S) (2) to socket F4 (S);&(l). Dress the wire between socket E
and transformer X. Be sure it is tight to chassis. .

This completes the filament wiring for all tubes except the 6U8 socket C, and the pilot lamp.

These will be wired later.
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(vJ Connect a wire from terminal strip M2 (NS) to socket A5 (NS).

(v) Run a wire from terminal strip M1 (NS) to socket A7(S)(1). Dress the wire tight to chassis,
between socket A and the tuning assembly.

(vf Connect a wire from terminal strip S1 (NS) to socket A5 (NS).

(Vf 'Route a wire fromterminal strip S1 (NS) tight to chassis between transformer W and socket
D to terminal strip Ul (NS).

(.//) Run a wire from terminal strip U1 (NS) to terminal strip V1 (NS).
This completes the high voltage wiring to the B+ distribution points.

(«) Inspect the 20-20 pfd 350 volt electrolytic filter condenser. Note that two leads appear at
one end and one at the other. Mount the condenser so that the end with two leads is toward
terminal strip M. Place one of the leads through M1 and the other through M2 and push the
condenser close to the terminal strip. Secure the connection at M1 (NS) and M2 (NS).

(V{ Connect the single lead at the opposite end of the condenser to ground lug N (S) (1). -
(\/{ Install a 1 KQ 2 watt resistor (large size, brown-black-red) from M1 (S) (3) to M2 (S) (3).
Mount close to the terminal strip with the leads vertical in respect to chassis.

NOTE: The importance of short component and wire leads in high frequency equipment such as
the Heathkit FM-3 Tuner cannot be overemphasized. Long leads will cause instability, oscilla-
tion and loss of sensitivity. Circuit wiring around sockets B and C is especially critical, since
frequencies from 88 mc to 118.7 mc are present and the gain of the stages is extremely high.
Unusually close wiring is employed in all signal carrying stages but it is not difficult if the in-
structions are followed exactly. "Picture wiring" is not recommended since the lead lengths

become excessively long, even though the wiring may look much more attractive. The shortest
distance between two points is always a straight line.

(/ ) Install a.001 ufd disc condenser from socket
B7 (NS) to ground lug B11 (NS). Cut the
leads so that they are just long enough to
reachand dress the condenser close to chas-
sis, over the wires already present.

TOD3 TO G4

(V) Connect a 470 K resistor (yellow-violet -
yellow) from socket B7 (S) (2) to B8 (NS).
Mount as close to the socket as possible.

(J ) Run a 10K® resistor (brown-black-orange)
from socket A5 (S) (3) (use sleeving) to socket
B6 (NS). The resistor body should be close
to B6.

(j ) Connect the 3.3 uuf condenser already part
of tuning assembly P2, to socket B6 (S) (2). ]
Do not use any more lead length than absol- Figure 7
utely necessary.

(J ) Cut one lead of a 47 puf disc condenser to.a length of 3/8". Connect this lead to socket B2
(NS). Pass the free end through grommet J.

(J) On the opposite or top side of the chassis, connect the free end of the 47 pwuf condenser
appearing through grommet J to terminal strip AA3 (NS).

(Y ) On the top side of the chassis, connect a short bare wire from terminal strip AA1 (NS) to
AA2 (S) (1).

(/) On the chassis bottom, connect a 100 KQ resistor (brown-black-yellow) from socket B2 (S)
(2) (use sleeving) to terminal strip S3 (NS). The resistor body should be close to B2.
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(‘/) Run a 68 Q resistor (blue-gray-black) from socket B3 (NS) between pin 1 andthe center post
to ground lug B11 (NS) as shown.

(\/) Similarly, connect a .001 ufd disc condenser between socket B3 (S) (2) and ground lug B11
(S) (4). Dress the condenser directly over the resistor so that the disc is vertical in res-
pect to chassis. When soldering B11, make sure the solder flows smoothly over all leads
connected to the lug. _

(~) Connect the 40-65 neutralizing choke, the component wound with a single layer of heavier
wire, from socket Bl (S) (1) (use sleeving) to B8 (S) (2). The leads should be just long
enough to allow choke to be dressedto the right of ground lug B11, without touching this lug.
Make sure the end connected to Bl does not protrude beyond the chassis edge. In case of
confusion, the neutralizing choke can be identified from the 45-1 filament choke by noting
that it has heavier wire and fewer turns.

This completes the wiring of the 6BQ7A cascode RF amplifier stage. Carefully check all con-
nections for secure soldering and make sure no short circuits exist.

(/) Install a .005 ufd disc condenser from IF
transformer W4 (NS) (use sleeving) to ground
lug C12 (NS). Dress close to chassis.

(/) Connect a .001 yfd disc condenser from
socket C3 (NS) to ground lug C12 (NS). Dress
close to chassis and keep leads short.

(V) Connect a 1 megohm resistor (brown-black-
green) from socket C2 (NS) to ground lugC12
(S) (4). Make sure all leads are securely
soldered at C12. Dress the resistor over
the .001 ufd condenser connected to C3.

(x/) Connect a 100 K resistor (brown-black-
yellow) from IF transformer W3 (NS) to
socket C3 (S) (2).

(\/) Run a short piece of insulated wire from socket C6 (S) (1) to IF transformer W3 (S) (2).
2 (v) Install the 45-1 filament choke (wound with finer wire) from socket D3 (NS) to socket C4 (S)
(1) (use sleeving). Dress close to chassis around transformer W as shown.

(./) Bend pin 7 of socket C over until it rests tightly against center post C10. Solder the pin
securely to the post (2), flowing solder to this connection and over the wire running through
the post, to insure a good ground connection. Do not run a wire from pin 7 to the center
post, since this makes the ground lead too long. (The two connections at the center post
consist of the wire running through the post center and the pin soldered to the side of the

post. )

(\/) Connect a 22 KQ resistor (red-red-orange) from socket C9 (NS) to ground lug C11 (S) (3).
Keep the leads as short as possible.
«)

Run the coil tap wire which is one turn away from tuning assembly lug P5 on the oscillator
coil to socket C8 (S) (1). Keep this wire straight and clip off excess, if any.

(«J) Connect the 47 uuf condenser which is part of tuning assembly P4 to socket C9 (S) (2). Or-
ient the condenser parallel with the chassis and clip lead tolength just sufficient to reachC9. |

(\/) Install a 47 ;,uf disc condenser from tuning assembly lug P3 (S) (1) to socket C2 (S) (2) (use
sleeving). Note that the condenser is installed so that the body is directly above the 47 wuft ;
condenser connected to P4. After completing the soldering operation, press the two con- ?
densers together so that the insulated bodies touch each other. Do not let the bare wires |
touch. This operation creates coupling capacity between the oscillator and mixer circuits,

increasing efficiency and sensitivity. P 17 i
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(') Run a 6.8KQ resistor (blue-gray-red) from socket C1 (S) (2) to terminal strip S1 (NS) (use

/ sleeving). Dress the resistor body close to C1 over the center post C10.

(¥') Connect a 10K resistor (brown-black-orange) from terminal strip Ul (NS) to transformer
W4 (S) (2). The resistor body should rest over the leads on socket D3.

(¥') Run a short bare wire from IF transformer W2 (S) (1) to socket ground lug D9 (NS).
(v) Bend transformer lug W1 and socket lug D1 toward each other and hook W1 through the op-
ening in D1. Solder the junction (1).

The 6U8 oscillator mixer stage is now complete. Check carefully for short circuits and poor
solder connections. Clean out any clippings or solder splashes that may be present.

( A Install a 150 Q resistor (brown-green-brown) from socket D2 (NS) to ground lug D9 (NS).
Dress between pin D1 and the center post D8.

(V) Connect a .005 pfd disc condenser from socket D2 (S) (2) to socket D7 (S) (2). Keep the
leads short, dressing the condenser over the 150 Q resistor and vertical in respect tochas-
sis.

(/) Bend socket pinD5 and IF transformer pinX3 toward each other and lock in place asbefore.
Solder the junction (1). ‘

( ‘/) Connect a .005 ufd disc condenser from socket D6 (NS) to ground lug D9 (NS). Dress flat
to chassis.

(v) Run a .005 pfd disc condenser from socket D4 (NS) to IF transformer X4 (NS) (use sleeving).
Dress close to chassis.

(/5 Install a 68 KQ resistor (blue-gray-orange) from socket D6 (S) (2) to IF transformer X4
(NS). Dress between X2 and X3, keeping the alignment opening clear. The body of the res-
istor must be close to D6.

(.} Mount a .005 pfd disc condenser from terminal strip Ul (NS) to U2 (S) (1). Dress as tight
(N to the strip as possible.
i (V') Connect a 2.2 KQ resistor (red-red-red) from terminal strip Ul (S) (5) to IF transformer
4 X4 (8) (3). :

(V' ) Connect a 47 Q resistor (yellow-violet-black) from transformer lug X1 (S) (1) to socket E1
(S) (1).
(\/§ Run a short bare wire from IF transformer X2 (S) (1) to socket ground lug E9 (NS).

Thefirst 6CB6 IF amplifier stage is now complete. Check for short circuits, wire clippings and
solder splashes. :

(J) Connect a 68 Q resistor (blue-gray-black) from socket E2 (NS) toground lug E9 (NS). Dress
/ between El1 and center post E8.
(/) Connect a .005 pfd disc condenser from socket E2 (S) (2) to socket E7 (S) (2). Dress above
the 68 Q resistor and vertical in respect to chassis.

(J) Connect socket lug E5 to ratio detector transformer Y3 (S) (1) by bending the pins toward
each other and locking in place. ‘

(/) Run a .005 pfd disc condenser from socket E4 (S) (2) to detector transformer Y4 (NS) (use
sleeving). Dress close to chassis.

( j) Install a .005 ufd disc condenser from socket E6 (NS) to ground lug E9 (S) (4). Dress close
to chassis. Make sure all connections are securely soldered.

(J) Connect a 68 KQ resistor (blue-gray-orange) from socket E6 (S) (2) to detector transformer
Y4 (NS). Dress between Y3 and Y5, leaving the bottom alignment opening clear. The res-
istor body should rest against Y5.
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(\/) Run a 2.2 KQ resistor (red-red-red) from terminal strip V1 (S) (2) to detector transformer
Y4 (S) (3).
(41

nstall a 68 Q resistor (blue-gray-black) from detector transformer Y6 (S) (1) (use sleeving)
to terminal strip T3 (NS). Dress close to chassis.

(#) Connect a short bare wire from detector transformer Y2 (S) (1) to socket F5 (s) (1).
(«/) Similarly, connect a bare wire from Y1 (S) (1) to socket F7 (S) (1).

This completes the wiring of the second IF amplifier stage. Check carefully for wiring errors,
short circuits, solder splashes and loose clippings. Lug Y5 of the detector transformer is not
used and no wires should be attached to or touching this lug.

(/ ) Connect a 270 puf disc condenser from socket F2 (NS) to terminal strip T3 (NS). Dress
close to chassis. See Figure 9.

D

(/) Connect a 270 puuf disc condenser from
socket F1 (NS) (use sleeving) to terminal
strip T3 (NS). Dress close to chassis.

7//[// 1)

oy

\ 27

(\/ﬁ Run a 1500 @ resistor (brown-green-red)
from socket F2 (S) (2) (use sleeving) to ter-
minal strip TT1 (NS) (use sleeving). Dress
close to chassis between strip T and TT.

(»A Run a 1000 @ resistor (brown-black-red)
from socket F1 (S)(2) (use sleeving) to ter-
minal strip TT3 (NS).

(/) Connect a 6.8 KQ resistor (blue-gray-red)
from terminal strip TT2 (NS) to TT3 (NS).
Dress between T and TT as shown in Figure
9 and Pictorial 1. Figure 9

TO CcCI

( /) Similarly, connect a 6.8 KQ resistor (blue-gray-red) from terminal strip TT1 (NS) to TT2
(S) (2). Dress as before. 4

( ./ ) Install a 10 ufd 25 volt electrolytic condenser from terminal strip TT1 (NS) to TT3 (S) (3).
The positive (+) end connects to TT3. Dress tight to terminal strip TT and chassis so that
the condenser clears the bottom edge of the chassis. Keep the end connected to TT1 away
from ground lug G9.

(V) Install a 270 upf disc condenser from terminal strip T3 (NS) to T2 (NS).

(Y) Run a .001 pfd disc condenser from terminal strip T1 (NS) to T2 (NS).

(V) Cut a wire to a length of 4". Strip and tin both ends and connect one end to terminal strip
T2 (NS). Pass the free end through grommet K and leave free.

(f ) In the same fashion, prepare a wire 2 1/4" long and connectone end to terminal strip T2 ()
~ (4). Dress the free end straight up or in a direction where it will be out of the way.
(V') Connect a 68 KQ resistor (blue-gray-orange) from terminal strip T3 (S) (5) to T1 (NS).

( \/ ) Cut one lead of a .05 ufd 400 volt tubular condenser to a length of 1 1/2". Slip sleeving over
this end and pass through grommet K from the top of the chassis. Connect the end appearing
through K at the bottom to terminal strip T1 (NS). On top of the chassis, bend the condenser
body over toward socket F.

(j ) In the same fashion, cut one lead of the remaining .05 pid 400 volt tubular condenser to a
length of 1 1/2", install sleeving and pass through grommet K from the top of the chassis.
Connect the end appearing through K at the chassis bottom to socket G5 (NS). On top of the
chassis, bend the body of the condenser toward socket B.
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This completes the wiring of the 6AL5 ratio detector stage. Carefully check for short circuits,
clippings and solder splashes. :

(/) Connect a 1 KQ resistor (brown-black-red) from socket G7 (S) (1) to ground lug G9 (NS).
Keep the end connected to G9 clear of the negative lead of the electrolytic condenser con-
nected to TTI1.

(v/) Install a 1 megohm resistor (brown-black-green) from socket G6 (NS) to ground lug G9(S)
(3), observing the same precautions mentioned in the previous step.

(\/) Connect a 2 ufd 150 volt electrolytic condenser from socket G2 (NS) (use sleeving) to ground
lug D9 (S) (5). The positive (+) end must connect to G2. Make sure all leads on D9 are sec-
urely soldered. Dress close to chassis as shown. T

( /) Run a 47KQ resistor (yellow-violet-orange) from terminal strip S1 (S) (4) to socket G2 (NS)
(use sleeving). Dress it over the top of the 2 ufd condenser just installed.

(‘/) Connect a 47 KQ resistor (yellow-violet-orange) from socket G2 (S) (3) to G5(S) (2). Dress

/across the socket, over the center post.

(7) Install a .01 pfd disc condenser from terminal strip S2 (S) (1) to S3 (NS).

(¢/) Run a 330 KR resistor (orange-orange-yellow) from terminal strip S3 (S) (3) (use sleeving)
over the 2 ufd condenser to terminal strip TT1 (S) (4) (use sleeving).

This completes wiring of the chassis part of the audio amplifier and the AGC line. The chassis
is also complete. Clean out clippings and solder splashes and carefully check the entire chassis
for short circuits. Compare the chassis against Pictorial 1, looking for errors in wiring. A
little time spent at this point may save a considerable amount of trouble upon completion of the
kit. If any wires or component leads appear longer than they absolutely have to be, it will be

worthwhile to shortenthem. Several points will be found not soldered when checking. Do not sol-
der A3, A4, D3, D4, T1 or GS.

CHASSIS

g GROMMET

P

é SPACER

@WASHER
|

ésnr TAPPING SCREW
Figure 10 g Figure 11

(i’\) Identify the left end bracket, which is plain aluminum with bends on the bottom and one end
. only. See Figure 10. Install a 3/8" grommet at location BA.

(}) Install large diameter 7/16" soft rubber grommets at locations BH and BJ.

(J) Insert a 3/16'" metal spacer in the center of each large grommet as shown in Figure 11.
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(/{ Using the two heavy 8-32 screws, mount the power transformer on the left bracket, placing

()

#8 lockwashers under the nuts. Note that the screws are inserted outside the bracket through
holes BB and BC and the lockwashers and nuts are on the transformer side. The red and
red-yellow leads should be nearest grommet BA.

Mount bracket B on the left or tuning condenser end of the chassis, with the transformer
fitting over the chassis top as shown in Figure 12. Place a 9/16" washer on a 6-32 self-
tapping screw and insert through the spacer previously installed in grommet BH. Line the
screw up with the top chassis opening and secure the assembly. Before completely tighten-
ing the screw, start the second self-tapping screw and washer through the bottom opening

- BJ. Now tighten both screws.

v
W)

Install two 7/16" grommets in the large openings in the right hand bracket and insert the
3/16" metal spacers in each grommet. Install the bracketon the right hand end of the chas-
sis in the same fashion. The large hole should be forward. See Figure 12.

Place the red, red-yellow and green power transformer leads through grommet H on the
chassis. Cut one green lead to length sufficient to reach socket A3, strip and tin the lead
and connect it to A3 (NS).

In the same fashion, connect the remaining green lead to socket A4 (S) (2).

Similarly, connect the red-yellow lead to socket A3 (S) (3).

Likewise, connect a red lead to socket Al (S) (1). Dress over the socket to keep this lead
above the chassis edge.

In the same manner, connect the remaining red lead to socket A6 (S) (1).

On top of the chassis, connect oné black transformer lead to terminal strip AB1 (NS). See
Pictorial 2.

Connect the remaining black lead to terminal strip AB2 (NS).
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(+) Install an 8-32 set screw in the bushing and mount the large condenser drive pulley on the
tuning condenser shaft with the bushing toward the condenser frame. With the condenser
plates fully meshed, orient the opening in the outer edge of the pulley so that it is toward
ground lug N on the chassis. The edge of the pulley must be flush with the end of the tuning
condenser shaft when the set screw is tightened.

( l/) Mount the dial plate as shown in Figure 12, with the calibration
directly below the tuning condenser drum. Secure with 6-32 screws,
lockwashers and nuts in the four foremost holes in the end brackets.

("’“); Prepare the volume control CC as shown in Figure 13. Slip sleev-
ing over one lead of a .01 ufd disc condenser and connect this lead
to CC2 (S) (1). Do not cut away any of the leads.

¢ ) Cut a wire to a length of 3", strip and tin both ends and connect one
end to CC3 (S) (1).

Cut two wires to a length of 11". Hold an end of each wire evenly
together and twist the pair together up to approximately 1" from :
each end. Strip and tin all four ends. Figure 13

PANEL

——
A
A

(v) At one end of this cable, connect one lead
to control switch terminal CC4 (S) (1) and WASHES
the remaining free end to CC5 (s) (1). coliTaoL

, 7
(V’)/ Place a large lockwasher over the control ————

shaft and temporarily install the control
through the openings provided in the dial
plate and right end bracket. See Figure 14. .
Tighten the control in place with lugs 1, 2 Figure 14
and 3 pointing straight down over socket F.

CONTROL
LOCKWASHER

(") Pass the twisted leads from CC4 and CC5 through chassis grommet L and dress along the
center of the chassis as shown in Pictorial 2. Connect one lead to terminal strip AB2 (S)
.(2) and the remaining lead to AB3 (NS).

([/)/ Run the free end of the lead connected to terminal strip T2 to control lug CC1 (S) (1).

() Pass sleeving over the free lead of the .01 ufd disc condenser connected to CC2 and connect
this end to socket G6 () (2).
(/)/ Connect the lead from CC3 to terminal strip T1 (S) (4).

¢) Slip a 3/8" rubber grommet over the line cord and bass the cord through grommet BA in
the left end bracket from the outside. DO NOT forget the grommet on the line cord. Tie
a knot approximately 5" from the end for strain relief. Connect one line cord lead to ter-
minal strip ABI1 (S) (2) and the remaining lead to AB3 (s) (2).

(») Identify the antenna coil, which is wound on a 2 watt resistor and has a 10 uuf condenser
connected across the resistor, Cut both of the resistor leads to a length of 1 1/4". DO
NOT cut the twisted leads. Note that the coil with the twisted leads is nearer one end of the
resistor. Connect this end to terminal strip AAl (S) (2), which is the grounded end, and
the end furthest from the coil to AA3 (S) (2). The coil assembly must stand straight up,
vertical in respect to the chassis, with the twisted leads in line, also vertical to the chas-
sis.

(«) Mount the 2-lug screw type terminal strip at location DA on the back panel with 6-32 hai'd-
ware. Note that the strip mounts on the outside, or painted side of the panel as shown in
Figure 15 on Page 23.
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Figure 15

Install a phono connector at DB on the rear panel with 6-32 hardware. Note that these con-
nectors are installed inside the panel as shown in Figure 15. The ground lug should be
nearest the panel flange.

In the same manner, install a phono connector at DC.

Install the back plate with the bent flange to the bottom. Use 6-32 self-tapping screws in the
bottom holes at each end only, as shown in Figure 12.

Connect one of the twisted leads of the antenna coil to terminal strip DAl (S) (1) and the
remaining lead to DA2 (8S) (1).

Connect a bare wire from connector ground lug DB2 (NS) to connector ground lug DC2 (S)
(1).

Connect the insulated wire appearing through chassis grommet K to connector ground lug
DB2 (S) (2).

Connect the free lead of the .05 fd 400 volt condenser previously bent toward socket B to
connector DB1 (S) (1).
Connect the free lead of the remaining .05 ufd 400 volt condenser to connector DC1 (S) (1).

Mount the pilot lamp socket with 6-32 hardware on the dial plate. The screw goes through
the small hole near the center of the dial plate, the socket, a lockwasher and nut. The
socket is oriented parallel with the dial plate edge toward the tuning condenser. If align-
ment of the set is intended upon completion, the socket may be moved upward temporarily

to clear the‘ alignment opening in the dial plate. / PLASTIC WASHERS \‘

Assemble the dial drive shaft assembly as
shown in Figure 16. Begin by pushing one
of the plastic "O'" washers on the shaft from
the flatted end until it falls in place in the
slot provided for it. Do not use tools with
sharp edges to force the washer over the edge of the flat, for it is possible that the washer
will be broken. After the first washer is in place, the shaft should be installed in the bush-
ing in the direction shown in Figure 16 and the other plastic washer installed from the drive
side of the shaft. A spare washer is furnished in case of accidental damage during installa-
tion.

\J

Figure 16
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Figure 17

( Vﬁvxount the drive shaft assembly through the dial plate from the rear at location EA. Refer
to Figure 12 and note that the bushing goes through the dial plate, a large lockwasher and a
control nut. Tighten securely.

(/) Observe Figure 17 and install the dial cord assembly. Begin by hooking one of the eyelets

dial cord.

( \/ ) Install the dia] pointer up from the bottom of the dial plate. Spread the 3 prongs and place
the dial cord between them. With the tuning condenser tully closed, set the pointer over
the mark to the left of "88" of the dial. Pinch the lugs together to secure the pointer in
place, taking care not to cut the cord. Turn the tuning control through its entire range to
make sure everything operates properly.

/
( /) Cut two wires to a length of 2 1 /2", Strip and tin all four ends and twist the two wires to-

gether. At one end, connect one wire to socket D3 (S) (4) and the other to D4 (S) (3). At
the opposite end, connect one wire to pilot light socket EB1 (S) (1) and the other to EB2 (8)
(1).

NOTE: Six feet of audio cable is furnished with the kit and this should be sufficient for the aver-
age installation. It jg always good Practice to mount the various components of g high fidelity

cycles, so longer cable cannot be used at the fixed output, unless the cable has lower capacity.
If it is possible touse a shorter length, by all means do S0, since the high frequency performance
will be improved. Refer to the ""Outputs’ section under INSTALLATION in this manual.

Output impedance at the variable output is approximately 15 KQ and losses will be considerably
less for a given amount of cable. The response will be down 6 db at 20,000 cycles with 175 feet
of RG58A/U and nearly perfectly flat with cable lengths of 100 feet or less, although hum can
become a serious problem with such extreme lengths. The cable length should be just long
enough to meet the requirements of the installation for best performance.
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Figure 18

(/) Prepare the audio cable. Strip approximately 1' of outer rubber insulation from each end
of the cable. At each end, bend the exposed shielding braid over and make an opening in it
with a sharp pointed tool of some kind, such as an ice pick. Pull the insulated inner con-
ductor through and strip away approximately 5/8" of insulation. Check with Figure 18.

(#) Install the phono connectors on each end of the cable as shown in
Figure 19. Insert the prepared inner conductor through the back of
the connector until it will go no further. A small amount of wire
should show at the tip of the connector. Solder the wire to the con-
nector at this point. Next, wrap the shield braid around the plug
shell and solder securely. Repeat the operation for the opposite
end of the cable, unless the audio equipment to be used with the
tuner uses some other type of connector.

/

RELIEF

IMPORTANT WARNING: MINIATURE TUBES CAN BE EASILY
DAMAGED WHEN INSTALLING THEM IN THEIR SOCKETS.
THEREFORE, USE EXTREME CARE WHEN INSTALLING THESE
TUBES. WE DO NOT GUARANTEE OR REPLACE MINIATURE
TUBES BROKEN DURING INSTALLATION.

Figure 19

(\/{Insert the 6BQ7A tube in socket B, a 6U8 at C, a 6CB6 at D, a 6CB6 at E, a 6AL5 at F and

a 6C4 at G. Do not install the 6X4 in socket A yet. Place the #47 bulb in the pilot lamp
socket.

NOTE: At notime should the tuner be operated without the 6C4 tube in its socket. Plate current
drawn by this tube reduces the voltage across the 2 pfd decoupling condenser-resistor network
to a level within the operating limits of the condenser. If the tube is removed, the high voltage

may exceed the condenser rating, causing breakdown. When checking the tube, turn the receiver
off until replacement is made.

This completes construction of the tuner. The unitshould now be tested before the front panel,
and top and bottom covers are installed.
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TESTING THE COMPLETED TUNER

Before connecting the receiver to the AC outlet, check the following points:

1. Be sure the 6X4 rectifier is not in its socket.

2. If an ohmmeter is available, check the DC resistance from terminal strip M2 to ground.
The reading should be at least 100,000 Q after 15 seconds. If considerably lower, care-
fully recheck the wiring for an error or short circuit. If everything appears tobe all right,
try removing the tubes one at a time to see if the short will disappear. If it does, the tube
may be shorted or an error may exist at the tube socket. If this procedure fails to help, it
will be necessary to disconnect the high voltage wires one at a time until the short circuit
disappears to isolate the source of trouble.

3. Besure the switch is off by rotating the volume control to its full counterclockwise position.

Connect the line cord to a 110 to 125 volt 50/60 cycles AC outlet. DO NOT CONNECT THE
TUNER TO A DC (DIRECT CURRENT) LINE. SERIOUS DAMAGE TO THE POWER TRANS-
FORMER WILL RESULT. No attempt should be made to use this unit on 25 cycle AC lines,
since the transformer may be seriously damaged and the receiver will not operate.

Turn the receiver on by rotating the volume control clockwise until a click is heard. The fila-
ments of the 6BQ7A, 6U8, the two 6CB6's, 6AL5 and the 6C4 should show a red color and the
pilot lamp should light. Now insert the 6X4 rectifier tube in socket A. This tube should also
show filament color. If the 6X4 plates show a redcolor or if the tube shows a bright violet glow
internally, turn the tuner off immediately and recheck the wiring for an error. Any such action
indicates that excessive current is being drawn from the power supply. -

High current can be caused by errors or shorts in the wiring or by a defective tube. The pro-
cedure described under Step 2 above will help locate the source of difficulty.

NOTE: The tubes in the tuner normally become quite hot due to the relatively large amount of
current drawn through them. This characteristic is typical of all tubes where the plate current
is relatively high and does not indicate that anything is wrong with the tuner.

Connectone end of the audio cable previously prepared to the output nearest to the antenna ter-
minals at the rear of the tuner. Connect the opposite end tothe input of the amplifier or pream-
plifier to be used. Advance the volume control to the full clockwise position. A fairly loud
""hiss' should be heard from the speaker system. If the volume control has no effect on the level
of the noise, the condensers connected to the two output connectors may have been accidentally
interchanged. Corrective measures are not necessary, connect the cable to the outside audio
output instead. Rotate the tuning control over its entire range. The sound produced by the
speaker should change somewhat. Strong local FM stations may be heard. If the receiver will
operate in this manner, it may be assumed that it is operating properly. In case of improper
performance, follow the procedures outlined under IN CASE OF DIFFICULTY.

ALIGNMENT OF THE TUNER

After alignment is completed, or if it is intended that the tuner be aligned at a later date, it is
suggested that the alignment tool be taped to the inside surface of the back panel near the bottom
so that it will not be misplaced. Masking tape, transparent tape or even adhesive tape will do.
The tool is not generally useful since it is designed for a specific type of transformer.

If the receiver functions satisfactorily when first tested with an antenna connected, the steps
under ALIGNMENT OF THE TUNER canbe omitted and final assembly completed as per instruc-
tions. Best "fringe area' performance will be obtained by aligning the receiver, following the
subsequent instructions.
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The tuning assembly, the IF transformers and the ratio detector transformer are pre-aligned
at the factory against standards developed during design and testing of the tuner. In general,
this alignment will be satisfactory if the tuner is to be operated in an area where there are a
number of strong stations. If most of the stations are quite distant from the listening point, it
will probably be advisable to go through the following alignment procedure to get the highest
possible sensitivity from the tuner, unless the performance is satisfactory when tested withthe
antenna system connected to the tuner. Perfect pre-alignment is practically impossible due to
the critical nature of electronic circuits at very high frequencies. Things such as variance in
wiring capacity, tube capacity and lead lengths, as well as handling of the parts will all tend to
detune the circuit to some extent.

To align the receiver, connect the ground lead of a signal generator to terminal strip U2, which
is grounded to chassis. Connect the output or "hot' lead of the signal generator through a .01
ufd condenser to pin 1 of socket D (the first 6CB6 socket). The generator should be connected
with the receiver turned off, for it will be necessary towork in close quarters near several high
voltage points. Special precautions should be taken near terminal strips Ul and V1, since high
voltage is presentat both points. Connect the ground lead of a vacuum tube voltmeter or a 20,000
Q per volt meter to chassis near 6C4 socket G and the meter input lead to terminal strip TT1.
Set the meter to read DC-, for the output voltage is negative at this point. Set the meter range
switch to the 1 1/2 or 3 volt range, depending on the type of meter and turn on the tuner. Allow
a few minutes for warmup and then adjust the signal generator output to give a reading of approx-
imately 1 volt. The generator frequency must be 10.7 megacycles (mc).

Observe the alignment tool furnished with the kit carefully. Note that the two ends are different,
one having a shoulder to limit the insertion travel of the tool and the other end having a small
diameter shank behind the hexagonal drive. The end with the small diameter shank may be used
to align each of the slugs in each transformer from one end of the transformer but this is not
recommended unless the operator is thoroughly familiar with alignment procedures. Possibility
of misalignment will be avoided by using the end with a shoulder at the top and bottom of each
transformer, since it is impossible to turn both slugs at once with this end.

Reference to the top slug indicates that the adjustment is made on the core nearest the back of
the tuner. The bottom slug is the core nearest the chassis.

Alignment is started by adjusting the bottom slug of ratio detector transformer Y for maximum
indication of the meter. (IMPORTANT: Always decrease the output of the signal generator to
maintain a constant reference reading on the meter, rather than changing the range setting of
the meter.) DO NOT touch the top slug of the ratio detector transformer at this time. Next,
adjust the top and bottom slugs of the second IF transformer X for maximum indication, red-
ucing the generator output as alignment proceeds.

Turn the tuner off and disconnect the hot lead of the signal generator from pin 1 of socket D.
Leave the ground lead connected to terminal strip U2 and connect the generator output through
the .01 ufd condenser to pin 2 of socket C, the 6U8 stage. Turn the receiver on and reduce the
generator output to read approximately the same on the meter as before and adjust the top and
bottom slugs of IF transformer W for maximum output, reducing generator output as necessary.
NOTE: An extremely high gain IF system is used in the Heathkit FM-3 Tuner and most gener-
ators have enough leakage at 10.7 megacycles to cause some readingto be evident with the gen-
erator output turned all of the way down. If the lowest output reading obtainable is still consid-
erably above the level used as a starting reference, leave the signal generator output at mini-
mum and increase the range setting of the meter as necessary.

IF alignment is completed by removing the meter input lead from terminal strip TT1 and con-
necting it to terminal strip T1. Leave ground lead connected to ground. Set the meter to highest
sensitivity range and adjust the top slug of ratiodetector transformer Y for zero output voltage.
Move the alignment toolback and forth a fewtimes to make sure that the meter swings both sides
of the zero mark. If not, turn the core further in or out until a + or - swing can be obtained
when the core is moved in either direction from the zerooutput point. Disconnect all leads from
the tuner. Orient the pilot lamp socket parallel with the dial plate edge if it was moved.
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Alignment of the tuning assembly should not be attempted unless there is conclusive evidence of
misalignment. Since most signal generatorsdo not cover the frequency range of 88 to 108 mega-
cycles, it will probably be necessary to use FM stations of known frequency as a signal source.
An antenna should be connected to the antenna terminals or if a high frequency signal generator
is available, connect the output to the antenna terminals. Connect a voltmeter to ground and
terminal strip TT1 as before. Tune in a station near 106 mc or set the signal generator and
tuner dial to 106 mc and carefully adjust the RF trimmer (nearest the dial drum) for maximum
indication on the meter. Adjust very slowly, for the adjustment is critical. Rock the dial back
and forth while adjusting the trimmer in order to find the highest peak response. The oscillator
trimmer, nearest the chassis, should not be touched unless the calibration is off badly. If this
should be the case, tune to a station known to be near 106 mec. Turn the tuning knob to set the
pointer to a point nearer the proper frequency mark on the dial, but keepthe signal tuned in well
enough to cause an indication on the meter. Carefully adjust the oscillator trimmer for maxi-
mum indication and repeat the procedure until proper frequency calibration is obtained. The
same procedure should be observed if a signal generator is used. After oscillator adjustments

are completed, the RF trimmer should be readjusted as described above. Alignment of the FM-3
Tuner is now complete.

FINAL ASSEMBLY OF THE TUNER

-] SEy
LF
Scr (3 w? PPING

Figure 20

(qls Place the panel reinforcing bracket over the stud at the center of the front panel, as shown
in Figure 20. The stud goes through the bracket, a large 9/16" flat metal washer, a lock-

washer and nut. Tighten in place with the bracket flange slightly below and parallel with
the top of the panel.

(/) Mount the HEATHKIT nameplate on the front panel. Insert the pins through the small holes
in the upper left corner of the panel. Push a spring steel speednut down over each pin from
the back of the panel. The long side of each speednut must be parallel with the top of the
‘panel. Cut off excess length of each pin.

(~/5 Make sure the tuner is disconnected from the power outlet and remove the nut holding the
volume control in place on the right bracket. Hold the control firmly in place and slip the
right hand opening in the panel over the control shaft. Place the control flat washer over
the shaft and secure with the nut. Do not tighten yet.
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(\/{ At the left end, secure the panel with a 6-32 self-tapping screw
through each elongated hole in the front panel bracket, after lining
these holes up with the ones in the left chassis bracket. Leave the
screws slightly loose.

=p=

(y‘{ Observe Figure 21 and install the four rubber feet in the four large
holes provided in the bottom cover. Insert from the painted side of

the cover. Figure 21

(\/f/ With the cooling vents to the rear, install the bottom cover as shown in Figure 22, using
6-32 self-tapping screws at each dimpled opening.
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BOTTOM PLATE

Figure 22

("( Align the bottom cover so that the bottom edge is just flush with the bottom edge of the panel
and tighten the control nut and the self-tapping screws at the left end. Inspect the assembly |
from the top to make sure none of the electrical components mounted on the chassis are
touching the bottom cover.

( ) Slip the knobs on the control shafts. The knobs push on the flatted shafts, after proper
alignment between the flat and the spring insert in the knob. If necessary, loosen the vol-
ume control nut to secure proper relationship between the knob indicator line and the panel
markings. Then retighten the nut.
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( ) Install thetop cover. Before sliding in place, engage the free grommet previously installed
on the line cord in the slot provided at one end of the cover. Engage the front lip of the
cover with the panel clamp as shown in Figures 20 and 22 and let the cover down until the
bottom flanges reston the bottom cover. Fasten in place by inserting two 6-32 self-tapping
screws through the two small holes in the top rear flange of the shell. These screws will
pass through slots in the rear panel and thread into the end brackets.

() Turn the tuner upside down and fasten the top shell to the bottom cover with #6 sheet metal
screws through eachof the four elongated slots provided. Before tightening the sheet metal

screws, make sure the top shell sides are parallel with the edges of the front panel. If nec-
essary, adjust the cover and tighten the screws.

The tuner is now ready to place in service.
IN CASE OF DIFFICULTY

1. Recheck the wiring. Trace each lead in colored pencil on the pictorial as it is followed in
the receiver. Most cases of difficulty result from wrong connections or poorly soldered
joints. Often having a friend check the wiring will reveal a mistake consistently overlooked.

2. If possible, compare tube socket voltages with those shown in the table. The readings should
be within 20% of those tabulated if a vacuum tube voltmeter is used. Other type meters may
give lower readings, due to loading effects. If the voltage fails to compare with the value

shown, check further into the circuit involved by checking the various components (resis-
tors, condensers, tubes, etc.).

nggI;EYTPE Pinl | Pin2 | Pin3 | Pin4 | Pin5 | Pin6 | Pin7 | Pin8 | Ping

6 192.(:230 NC 0 |63ac | 210 [190-230] 55

*61337 A 75 O'L;%'_s 0.5-0.2| 0 6.3AC | 150 55 75 0
658 155 Oﬁiél. 85 | 6.3AC | o0 180 0 0 |3-6Neg.
GCDB6 | e 1.1 | 63AC| o 200 95 0
6 CEBG 0 0.6 | 6.3AC 0 200 70 0

waLs || 0-5-15 “Neg | 0 |esac|otis| o |oa1s
684 55 140 0 |6.3AC | 55 0 1.8

All readings taken with a Heathkit vacuum tube voltmeter. All readings are DC voltages meas-

ured to chassis, unless otherwise specified. The antenna must be disconnected and the dial set
to 108 mc.

NC - no external connection to this contact.
Line voltage - 115 volts 60 cycles.

*Socket voltages for the 6BQ7A and 6AL5 are subject to wide variation. Voltage at pins 1, 2, 3,

7 and 8 of the 6BQ7A will vary due to different tube characteristics, for the two halves of the tube

are connected in series. Also, the voltages will vary depending on the AGC voltage at pin 2,
which in turn is dependent on the dial setting.
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The 6ALS readings will vary depending on dial setting. It is important that readings on this tube
be taken with nosignal tuned in. Different tuners will also tend to give varying amounts of res-
idual AGC voltage for the same dial setting. Voltages substantially above those shown in. the
voltage chart may be indicative of oscillation, especially if the voltage remains highregardless
of dial setting. In this case, follow the instructions under OSCILLATION which follow.

Some common types of troubles are listed below along with simple trouble-shooting procedures
which are often helpful in locating the source of difficulty.

TUNER COMPLETELY INOPERATIVE: If no sound of any kind is evident whenthe volume con-
trol is turned fully clockwise with the output connected to an amplifier and an antenna connected
to the input, check the 6X4 rectifier tube visually once again to be sure that the plates are not
red, When sure that everything is all right at this point, check the interconnecting audio cable
for short circuits between the shell of the plug and the inner conductor at both ends (an ohm-
meter check is recommended) and make sure the connection is secure at both ends.

A screwdriver is a useful tool for making simple disturbance tests. If a stage in the tuner is
operating normally, a sound will be heard in the speaker when the grid of an operating stage is
touched by the metal partof the screwdriver. This procedure should be started at the 6C4 stage
with the volume control turned fully clockwise. Touch the screwdriver to pin 6 of socket G. A
click or hum should be heard in the speaker. If not, check the wiring to this stage once again.
If the wiring appears to be correct, check the tube and the audio cable. Check the .05 ufd con-
denser connected to pin 5 to make sure it is not open or shorted.

When everything is operating normally in the 6C4 stage, the 6AL5 stage should be checked in
the same manner, touching pins 1, 2, 5 and 7. Although a click may not be heard, the charac-
teristic of the noise output, if any, should change. Before assuming the 6AL5 stage is at fault,
it would be adviseable to check the 6CB6 stage E by touching pin 1. No response of any type will
indicate trouble in either of these stages. Follow the procedure outlined above to localize the
trouble. Give special attention to soldered connections, for a poor connection could cause the
receiver to be inoperative.

The remaining check points in order are 6CB6 stage D pin 1, 6U8 stage C pin 2 and pin 9, and
6BQ7A stage B pins 7 and 2. A gradual increase in response should be noted as the test pro-
ceeds toward the input of the tuner. If a point is found where no response is obtained, the def-
ective stage has been isolated and the checking can be concentrated in the area of the stage in-
volved. Response all the way through the tuner but no signal reception may be indicative of
serious misalignment of either the IF stages or the tuning condenser assembly. A revue of the
alignment procedure previously described is in order in this case.

If a signal generator and VTVM are available, the same procedure can be observed by injecting
an AM modulated signal at the points indicated above at the appropriate frequency. Response
can be heard in the speaker or the VTVM can be used as an indicator by connecting it between
ground and terminal strip TT1. Some response will usually be heard even with an AM signal,
due to some frequency modulation effects thatare usually present. The use of such instruments
is highly recommended, if possible, but the screwdriver disturbance tests will suffice.

OSCILLATION: If the tuner operates, but tends to whistle when a station is tuned in, or very
low sensitivity is evident, it is likely that the unit is oscillating. Another indication is a high
negative voltage at TT1 when no station is tuned in. Oscillation is usually caused by poor con-
nections or improper lead dress. Shorten all leads as much as possible, dressing them close
to the chassis. Resolder any connections about which there may be some doubt. Defective tubes
may cause instability and it may be worthwhile to have them checked. If identical types are on
hand, try substituting them. Alsotry exchanging thetwo 6CB6' s in socketsD and E. If possible,
check the .001 and .005 ufd disc bypass condensers for an open condenser will often cause in-
stability. Slight adjustment of the IF transformers will frequently stabilize the tuner, especially
when it is unaligned.
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HUM AND NOISE: Under some conditions, hum may be encountered when the tuner is connected
to the audio system. Usually this can be reduced by reversing the direction of the line cord in

3 Hum on both outputs may be caused by improper grounding of the entire installation, unless the
hum is tuneable in the receiver. In this case, the 6U8 may be the source of trouble because of
60 cycle frequency modulation of the oscillator.

N

; signal strength. Failure to quiet properly may indicate improper alignment or a poor antenna
i installation if the tuner is operated in fringe areas. Of Course, perfect limiting cannot be ex-
pected on very distant stations.

R L e .
.

: Oscillation can cause excessive noise in the receiver, as can a defective tube. Also, the an-
i tenna lead-in can pick up some noise, but this can be reduced by twisting the lead-in approxim-
ately one turn for each tvo feet of 300  ribbon.

EXCESSIVE DRIFT: A small amount of drift will normally be noticed during warm-up of the
tuner but it will stabilize quickly. Usually the drift will be noticeable only on weak stations .
Continuous drifting is usually caused by a poor connection or defective component in the 6U8
oscillator circuit or possibly even a defective 6U8 tube. The 10 puf N750 condenser connected
across the oscillator coil on the tuning assembly is the temperature compensating condenser and
any defect in it can cause a substantial amount of drift.

Under certain conditions, the IF stages candrift but this ig relatively small unless something is
wrong with the circuit. Again the soldering should be checked around the two 6CB6 tube sockets
and to the IF and ratio detector transformers. Test the tubes or try exchanging the 6CB6's in
their sockets.

LOW SENSITIVITY: Lack of sensitivity might be traced to improper alignment or to a defective
tube. Both should be checked if optimum performance is to be oObtained. Also, most FM or TV
antennas are directional and they should be oriented for best overall signal reception.

INSTALLATION ' .
THE ANTENNA is a very important part of the e sour sFr )
high fidelity FM installation, especially if good !

p 2 %//L—D\fs

reception of weak signals is desired. There are ez =
several different types of antennas, all of which &’J\{L ") —
ill d job if properly installed. ET%
will do a good job i Properly installed sowoer 7 |2 \sowse
The simplest and certainly the least expensive k ¥
antenna is a simple folded dipole made of 300 @ PLASTIC. é
ribbon as indicated in Figure 23. The "T" part INSULATOR ‘,{J
of this type of antenna must be hung so that it is-
as straight as possible, with notwist in the lead. ("‘” ANTENNA LERDIN
: Frequently the lead is stapled, nailed or taped Figure 23 Z ANY LENGTH
E to a piece of wood or heavy cardboard to rein- gu //
; force it. This type antenna is directional, so it £
L should be orientgd for bes.t recept.ion and placed e} & @
‘ as high as possible. This type is not recom-
gl mended for long range reception. ANTENNA
; TERMINALS
Most TV antennas make excellent FM antennas FOLDED DIPOLE ANTENNA
: and are frequently used for this purpose. How- MADE FROM 300 OHM TWIN-
i ever, it is not advisable to operate the TV set LEAD TRANSMISSION LINE
1§ and the tuner off the same line Simultaneously,

since this will create a mismatch tothe detriment of both TV and FMreception. Either a match-
ing device should be used or a switching arrangement worked out.
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Best possible operation will be obtained using one of the commercially available antennas des-
igned especially for FM operation and installing it as high off the ground as conveniently pos-
sible. The lead-in should be twisted approximately one turn every two feet of length to reduce
noise pickup. Conventional TV antenna grounding and lightning protection devices should be used
for safe operation. -

A 300 @ antenna input is provided on your Heathkit FM-3 Tuner. Thus the antenna installed
must be a 300  impedance type.

PROPER TUNING is essential if full enjoyment of FM programming is to be obtained. Mistuning
will result in excessive distortion and noise. When listening to weak stations, only one res-
ponse will usually be noticed and tuning should be adjusted for maximum quieting, which will
coincide with the maximum audio output point. Strong stations will frequently cause a triple
tuning response to be evident, a normal characteristic of most FM detectors not using AFC.
When tuning a strong station, a weak and distorted response will be noticed, followed by a strong
clear response and then another weak one. The strong response should always be used and ad-
justment made for distortion free performance. Quieting on strong signals will be apparent over
a wide tuning range, but distortion onloud passages of music will be noticed if improperly tuned.
TWO OUTPUTS are provided on the rear panel of the tuner for maximum flexibility of installa-
tion. If wired correctly, the output nearest the antenna terminals is the high level output, con-
trolled by the volume control. This output should be used if it is desired to control the audio
level at the tuner or if the amplifier used with the tuner has low gain. If the tuner is tobe oper-
ated through an AM radio or TV set which has a phono jack for this purpose, the high level out-
put should be used.

If the tuner is to be used with a separate preamplifier such as the Heathkit WA-P2 and will be
located close to the control unit, it will probably be preferable to use the outer output, which is
lower level direct from the detector and de-emphasis network. This output is not affected by
the volume control, making it more convenient tooperate the controls of the preamplifier, since
the output level will always be the same for a given station. This will prevent annoying blasting
encountered if the volume control of the tuner is accidentally turned up toofar when it is turned
on.

The high level variable output may be used with the preamplifier also. For best results, the
volume or input level controls on the preamp should be set at low level and the volume control
of the tuner used in its mid-range position. Any residual noise that may be present in the 6C4

-audio stage will be kept at a minimum in this manner.

A common misunderstanding seems to prevail regarding impedance matching in high fidelity
installations. In general, exact matching is required only in the case of power output types of
devices, such as a high fidelity power amplifier and its associated speaker system, or a line
amplifier to the transmission line and its termination. Most of the other components of the
system have medium low or low impedance outputs in the order of 600§ to approximately 50 K
taken from cathode followers or heavily loaded voltage amplifiers, such as used in the Heathkit
FM-3 Tuner. These outputs are usually wired to produce voltage, not power, at low impedance
and so matching is not required and in most cases is undesireable. The Heathkit FM-3, as well
as most other audio source equipment, is designed to operate into a load of 100 KQ or higher.
Best performance will be obtained working into an input impedance or resistance of 500K or 1
megohm.

In general, the Heathkit FM-3 Tuner may be used with any type of transformer operated ampli-
fier which has provision for a crystal phonograph pickup or tuner. Simply connect the audio
cable to the appropriate input. If no such input is provided on the unit to be used, most radio
servicemen can install one for a reasonable fee.

DO NOT CONNECT THE TUNER TO ANY AC-DC TYPE EQUIPMENT. The entire tuner cabinet
and panel is connected to circuit ground and connection to AC-DC equipment will make the tuner
hot to one side of the AC line, an extremely dangerous situation. Fatal shock could result. AC-
DC amplifiers can be used only when the input is isolated from the AC line.
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Oor crystal type. This makes it possible to listen to favorite late hour programs without dis-
turbing others. Also, binaural broadcasts can be enjoyed by using the FM-3 tuner to drive one
earphone and an AM tuner to drive the other.

HEAT DISSIPATION in the tuner is adequately taken care of through the ventilating slots in the
top, back and bottom covers. The rubber feet lift the tuner high enough off the mounting surface
to allow air circulation underneath. When installing the tuner, make sure none of the ventila-
tion cutouts are blocked off.

Observed. In some cases the temperature beneath the tuner may reach as high as 120° F. and
it is possible that delicate finishes could be blistered by this heat. If there is reason to doubt
the ability of the surface to withstand heat, it may be adviseable to put some kind of insulating
material between the tuner and the surface. A cloth doily, cardboard or a thin asbestos pad
should be sufficient. It is extremely unlikely that the heat would damage glass, leather or plastic
surfaces and most finished woods will withstand the heat without damage. Some types of fin-
ishes are more delicate than others, however and a little care taken during installation may

The tuner is primarily designed to sit out in the open and it is for this reason that careful atten-
tion has been given to the physical appearance. If the tuner is to be mounted in a cabinet of
some type, make sure the back of the enclosure is open and the space large enough to allow un-
restricted air circulation. If the available space is small or air circulation is poor, it is rec-
ommended that the top and bottom covers be left off to aid cooling. Excessive heating of com-
ponents in the tuner may lead to premature failure.

panel should be elevated about 1 /8" or more above the cabinet panel to allow a circulation path
directly around the tuner. This can be accomplished by placing rubber grommets or wood spac-
ers between the two panels.

Inallcases where the tuneris operated without the top and bottom covers, some provision should
be made so that it will be impossible for small children or pets to get at the back of the tuner .
High voltages in the circuit are exposed and they can cause severe injury to anyone coming in
contact with them.

REPLACEMENTS

Material supplied with Heathkits has been carefully selected to meet design requirements and
ordinarily will fulfill jts function without difficulty. Occasionally improper instrument opera-
tion can be traced to a faulty tube or Component. Should inspection reveal the necessity for re-
placement, write to the Heath Company and supply all of the following information:

A. Thoroughly identify the part in question by using the part number and description found in
the manual parts list.

Identify the type and model number of kit in which it is used.
Mention the order number and date of purchase.
Describe the nature of defect or reason for requesting replacement.

Oaw
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The Heath Company will promptly supply the necessary replacement. Please do not return the
original component until specifically requested to do so. Do not dismantle the component in
question as this will void the guarantee. If tubes are to be returned, pack them carefully to
prevent breakage in shipment as broken tubes are not eligible for replacement. This replace-
ment policy does not cover the free replacement of parts that may have been broken or damaged
through carelessness on the part of the kit builder.
SERVICE

In event continued operational difficulties of the completed instrument are experienced, the fa-
cilities of the Heath Company Service Department are at your disposal. Your instrument may
be returned for inspection and repair for a service charge of $5.00 plus the cost of any additional
material that may be required. THIS SERVICE POLICY APPLIES ONLY TO COMPLETED
INSTRUMENTS CONSTRUCTED IN ACCORDANCE WITH THE INSTRUCTIONS AS STATED
IN THE MANUAL. Instruments that are not entirely completed or instruments that are modified
in design will not be accepted for repair. Instruments showing evidence of acid core solder or
paste fluxes will be returned not repaired.

The Heath Company is willing to offer its full cooperation to assist you in obtaining the specified
performance level in your instrument. Factory repair service is available for a period of one
year from the date of purchase or you may contact the Engineering Consultation Department by
mail. For information regarding possible modification of existing kits, it is suggested that you
refer to any one or more of the many publications thatare available on all phases of electronics.
They can be obtained at or through your local library, as well as at any electronic outlet store.
Although the Heath Company sincerely welcomes all comments and suggestions, it would be im-
possible to design, test, evaluate and assume responsibility for proposed circuit changes for
specific purposes. Therefore, such modifications must be made at the discretion of the kit buil-
der according toinformation which will be much more readily available from some local source.
SHIPPING INSTRUCTIONS
Before returning a unit for service, be sure that all parts are securely mounted. Attach a tag
to the instrument giving name, address and trouble experienced. Pack in a rugged container
preferably wood, using at least three inches of shredded newspaper or excelsior on all sides.
DO NOT SHIP IN THE ORIGINAL KIT CARTON AS THIS CARTON IS NOT CONSIDERED
ADEQUATE FOR SAFE SHIPMENT OF THE COMPLETED INSTRUMENT. Ship by prepaid
express if possible. Return shipment will be made by express collect. Note that a carrier can-
not be held liable for damage in transit if packing, in HIS OPINION, is insufficient,
SPECIFICATIONS :
All prices are subject to change without notice. The Heath Company reserves the right to dis-
continue instruments and to change specifications at any time without incurring any obligation
to incorporate new features in instruments previously sold.
WARRANTY
The Heath Company limits its warranty of parts supplied with any kit to a period of three (3)
months from the date of purchase. Replacement will be made only when said part is returned
postpaid, with prior permission and in the judgment of the Heath Company was defective at the
time of sale. This warranty does not extend to any Heathkits which have been subjected to mis-
use, neglect, accident and improper installation or applications. Material supplied with a kit
shall not be considered as defective, even though not in exact accordance with specifications, if
it substantially fulfills performance requirements. This warranty is not transferable and ap-
plies only to the original purchaser. This warranty is in lieu of all other warranties and the
Heath Company neither assumes nor authorizes any other person to assume for them any other
liability in connection with the sale of Heathkits.

The assembler is urged to follow the instructions exactly as provided. The Heath Company as-

sumes no responsibility or liability for any damages or injuries sustained in the assembly of
the device or in the operation of the completed instrument.

HEATH COMPANY
Benton Harbor, Michigan
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PART PARTS DESCRIPTION
No. Per Kit

Resistors

1-1 1 47 Q

1-2 3 68 Q

1-9 2 1 K@

1-11 1 1.5 KQ

1-19 3 6.8 KQ

1-20 2 10 KQ

1-22 1 22 K2

1-25 2 47 KQ

1-26 2 100 K@

1-31 1 330 KQ

1-33 1 470 K

1-35 2 1 megohm

1-44 2 2.2 KQ

1-60 3 68 KQ

1-66 1 150 @

1-15B 1 1 KQ 2 watt

Condensers '

21-14 4 .001 ufd disc

21-16 2 .01 pfd disc

21-17 3 270 puf disc

21-27 8 .005 pfd disc

21-32 2 47 puf disc

23-61 2 .05 ufd tubular

25-4 1 10 pfd 25 volt

25-30 1 20-20 pfd 350 volt

25-39 1 2 pfd 150 volt

Coils-Chokes-Transformers

40-65 1 Neutralizing coil
40-66 1 Antenna coil

45-1 1 RF choke

52-6 2 IF transformer

53-2 1 Ratio det. transformer
54-34 1 Power transformer
100-68 1 Tuning assembly

Control-Dial Parts-Knobs

19-27 1 1 megohm control w/switch
100-M70 1 Tuning drum

100-M71 1 Dial plate assembly
100-M72 1 Dial cord assembly

253-28 3 Plastic ""O'" washer

258-1 1 Dial cord spring

453-19 1 Drive shaft

455-6 1 Shaft bushing

462-28 2 Knob

463-10 1 Dial pointer

Sockets-Plugs-Terminal Strips

431-2 1 2-lug terminal strip
431-3 1 3-lug terminal strip
431-6 1 2-lug screw-type strip
431-10 4 3-lug terminal strip
431-14 2 2-lug terminal strip
434-44 1 Pilot lamp socket
434-37 5 7-pin socket

434-42 2 Phono connector socket
434-56 2 9-pin socket

438-4 2 Phono plug

Page 36

Wire-Cable-Sleeving

89-1

340-2
343-2
344-1
346-1

Pt ek b ek ek

Tubes-Pilot Lamp

411-4 1
411-40 1
411-64 1
411-67 2
1
1
1

- 411-71

411-80
412-1

Grommets-
73-1

73-4

73-6

260-7
261-4
391-1
490-1

el R SN Ve

Metal Parts
90-M37F 1
200-M89 1
203-76F106 1
203-M77F
204-M90
204-M91
205-M4"7K
207-M9

[ S S gy

Hardware
250-2 14
250-7
250-8
250-9 17
250-16
250-18
250-46
252-1
252-3
252-4
252-17
252-16
253-10
253-21
254-1
254-2
254-4
254-7
255-2
259-1
259-6

[ o
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595-111 1

Line cord

length Bare wire
length Shielded cable
length Hookup wire
length Sleeving

6C4
6ALS
6X4
6CB6
6BQ7A
6U8

#47 bulb

lips-Tool-Nameplate-Feet

3/8" rubber grommet

5/16" rubber grommet

7/16" rubber grommet

IF transformer mounting clip
Rubber feet

Nameplate

Alignment tool

Cabinet Shell
Chassis

Front panel

Rear panel

Left end bracket
Right end bracket
Bottom plate
Panel clamp

3-48 x 5/16" screw

6-32 x 3/16" screw

#6 x 3/8 sheet metal screw
6-32 x 3/8" screw

8-32 x 3/16" set screw
8-32 x 3/8" screw

6-32 self-tapping screw
3-48 hex nut

6-32 hex nut

8-32 hex nut

3/8-32 control nut

Speed nut

3/8 nickel washer

9/16 flat washer

#6 lockwasher

#8 lockwasher

3/8 control lockwasher |
#3 lockwasher |
#6 x 3/16 spacer |
#6 solder lug
#3 solder lug

Construction manual



GROMMETS SPACER
s g g # x:@
/e % ‘7/'6 /le
LOCKWASHERS
®
3-48 6-32 8-32 CONTROL
(*3) (*6) (*8)
LUGS WASHERS
3-48 g{ X 5/, " com'am.
6 /32
(*3) FLAT FLAT
NUTS
9
3-48 6-32 8-32 CONTROL
SCREWS
G P 3 éﬁma @&ma/
3-48 6-32X s 6-32X V5 8-32 X /8
SCREWS SPEED NUT
fmey {@mmmm KON
8-32 SET #6 SHEET METAL #6 SELF TAPPING
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INSIDE VIEW CHASSIS BOTTOM




INSIDE VIEW CHASSIS TOP
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HELPFUL KIT BUILDING INFORMATION

Before attempting actual kit construction read the construction
manual through thoroughly to familiarize yourself with the general
procedure. Note the relative location of pictorials and pictorial inserts
In respect to the progress of the assembly procedure outlined.

This information is offered primarily for the convenience of novice
kit builders and will be of definite assistance to those lacking thorough
knowledge of good construction practices. Even the advanced elec-
trorics enthusiast may benefit by a brief review of this material before
proceeding with kit construction. In the majority of cases, failure to
observe basic instruction fundamentals is responsible for inability to
obtain desired level of performance.

RECOMMENDED TOOLS

The successful construction of Heathkits does not require the use of
specialized equipment and only basic tools are required. A good quality
electric soldering iron is essential. The preferred size would be a 100
watt iron with a small tip. The use of long nose pliers and diagonal or
side cutting pliers is recommended. A small screw driver will prove
adequate and several additional assorted screw drivers will be helpful.
Be sure to obtain a good supply of rosin core type radio solder. Never
use separate fluxes, paste or acid solder in electronic work.

ASSEMBLY
In the actual mechanical assembiy of components to the chassis and
panel, it is important that the procedure shown in the manual be care-
fully followed. Make sure that tube sockets are properly mounted in
respect to keyway or pin numbering location. The same applies to
transformer mountings so that the correct transformer color coded
wires will be available at the proper chassis opening.

Make it a standard practice to use lock washers under all 6-32 and
8-32 nuts. The only exception being in the use of solder lugs—the
necessary locking feature 1s already incorporated in the design of the
solder lugs. A control lock washer should always be used between the
control and the chassis to prevent undesirable rotation in the panel.
To improve instrument appearance and to prevent possible panel
marring use a control flat nickel washer under each control nut.

When installing binding posts that require the use of fiber insulating
washers, it is good practice to slip the shoulder washer over the binding
post mounting stud before installing the mounting stud in the panel
hole provided. Next, install a flat fiber washer and a solder lug under
the mounting nut. Be sure that the shoulder washer is properly
centered in the panel to prevent possible shorting of the binding post.

WIRING

When following wiring procedure make the leads as short and direct
as possible. In filament wising requiring the use of a twisted pair of
wires allow sufficient slack in the wiring that will permit the twisted
pair to be pushed against the chassis as closely as possible thereby
affording relative isolation from adjacent parts and wiring.

When removing insulation from the end of hookup wire, it is seldom
necessary to expose more than a quarter inch of the wire. Excessive
insulation removal may cause a short circuit condition in respect to
nearby wiring or terminals. In some instances, transformer leads of
solid copper will have a brown baked enamel coating. After the trans-
former leads have been trimmed to a suitable length, it is necessary to
scrape the enamel coating in order to expose the bright copper wire
before making a terminal or soldered connection.

In mounting parts such as resistors or condensers, trim off all excess
lead lengths so that the parts may be installed in a direct point-to-
point manner. When necessary use spaghetti or insulated sleeving over
exposed wires that might short to nearby wiring.

It is urgently recommended that the wiring dress and parts layout
as shown in the construction manual be faithfully followed. In every
instance, the desirability of this arrangement was carefully determined
through the construction of a series of laboratory models.

SOLDERING

Much of the performance of the kit instrument, particularly in respect
to accuracy and stability, depends upon the degree of workmanship
used in making soldered connections. Proper soldered connections are
not at all difficult to make but it would be advisable to observe a few
precautions. First of all before a connection is to be soldered, the
connection itself should be clean and mechanically strong. Do not
depend on solder alone to hold a connection together. The tip of the
soldering iron should be bright, clean and free of excess solder. Use
enough heat to thoroughly flow the solder smoothly into the joint.
Avoid excessive use of solder and do not allow a flux flooding condition
to occur which could conceivably cause a leakage path between
adjacent terminals on switch assemblies and tube sockets. This is
particularly important in instruments such as the VIT'VM, oscillo-
scope and generator kits. Excessive heat will also burn or damage the
insulating material used in the manufacture of switch assemblies.
Be sure to use only good quality rosin core radio type solder.

Antenna ;‘D Resistor Receptacle
General General VVYV Neon Bulb two-conductor
Resistor Illuminating
L + I |
o0p @I Tapped _/\/Y\/_ Lamp @ Battery
M_ Switch
Ground l Resistor Variable Single pole \O Fuse O\ o
— Single throw o
Switch r .
glducto;' Potentiometer double pole O\:\o Piezoelectric __'Dl__
enera ’ ‘_ single throw (e ~o Crystal
Air core ) Switch oM™ o
Transformer Thermistor l l ' | I I Triple pole O% o) 1000 — K
General Double throw O\O o)
Adjustable nC Jack Switch ) OO
Powdered Iron ' two conductor O—v Multipoint or (; (0] 1,000,000 — M
Core " Rotary OO
Magnetic Core Jack Oo—v |
Speak =
Variable Coupling gHg three conductor O—A peaker :Eq OHM = ﬂ
Iron Core Wires | | X ' I
Transformer g“lg connected —+_ Rectifier Microfarad = M F
Capacitor Wires Micro
General ___, e‘ Crossing but _/’\; _‘__ Microphone :G Microfarad — MM F
not connected
. Typical tube symbol
Capacitor + A. Ammeter _Q_ ypica © symsa Binding post —_O—
Electrolytic —-l 6 V. Voltmeter suppressor Terminal srrip
G. Galvanometer Grid screen .
Capacitor MA. Milliammeter \fVlrmg bettveen ¢ ¢ + ¢
Variable —%— uA. Microammeter, etc. cathode like lettersis  —p X Y X ¥ X
understood Y

Courtesy of I. R, E.
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Figure 2
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