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RESISTOR AND CAPACITOR COLOR CODES

RESISTORS

The colored bands around the body of a color coded resistor rep-
resent its value in ohms. These colored bands are grouped
toward one end of the resistor body. Starting with this end
of the resistor, the first band represents the first digit of
the resistance value; the second band represents the second
digit; the third band represents the number by which the first
two digits are multiplied. A fourth band of gold or silver rep-
resents a tolerance of +5% or :10% respectively, The absence
of a fourth band indicates a tolerance of +20%,

CODE

COLOR IsTt DIGIT 2no DIGIT MULTIPLIER
T
BLACK 0 0 |
BROWN I | 10
RED 2 2 100
ORANGE 3 3 1,000
YELLOW 4 4 10000
GREEN 5 5 100,000
BLUE 6 6 1000,000
VIOLET 7 7 10,000,000
GRAY 8 8 100,000,000
WHITE 9 9 —1 1000,000,000
GOLD - - |
SILVER - - .0l
TOLERANCE
GOLD +5%7

SILVER %10 7
NO BAND *20 %

The physical size of a composition resistor is related to its
wattage rating. Size increases progressively as the wattage
rating is increased. The diameters of 1/2 watt, 1 watt and
2 watt resistors are approximately 1/8", 1/4" and 5/16",
respectively,

The color code chart and examples which follow provide the
information required to identify color coded resistors.

EXAMPLES
47 x |000

YELLOW-4 —
VIOLET-7 ———
‘ !I-——ORANGE-I,OOO— (or 47KQ)
r\SiLVER = TOLERANCE
m_ + 10%
R%'%Efg 22 x 100,000
l I—GREEN—IOO.OOO (or 2.2 MEG.)

NO BAND = TOLERANCE
*20%

CAPACITORS

Generally, only mica and tubular ceramic capacitors, used
in modern equipment, are color coded, The color codes differ
somewhat among capacitor manufacturers, however the codes

MICA

EXAMPLE
2\ 7% IOIO
RED VIOL RED

CODE
IsTDIGIT 21wDIGIT MULTIPLIER TOLER.%7
! £20

COLOR

BLACK
BROWN

|

RRAELSEERES

o

o

o
[P

P losua PN —O
| loB g AWN =0
LLLEAL b |

TP o) |

FTTTTTTTTTTT

U A

°_
"
°

CHARACTERISTIC

OBSERVE e
DIRECTION OF 2700uuf 25 %
ARROW

OR .0027 wfd

:l’:‘;_ (o)g't CHARACTERISTIC—
INDICATES SEE NOTE ! BELOW

MICA

(vALuE N wuf—see nOTE 3 BELOW)

shown below apply to practically all of the mica and tubular
ceramic capacitors that are in common use. These codes com-
ply with EIA (Electronics Industries Association) Standards,

TUBULAR CERAMIC

Place the group of rings or dots to the left and read from left
to right,

CODE EXAMPLE
COLOR sy DIGIT 2k DIGIT MULTIPLIER TOLER. %
BLACK — 0 —}— o0 —] -1 [+20 |220
BROWN R Sy e 10 [xo1 |21
RED — 2 —— 2 — 100 — |x2
ORANGE - 3 —4— 3 — 1,000 — |z2s
YELLOW——1— 4 —— & — 10,000 -— —=
GREEN - 5 —— s —| — |20s |25
BLUE = 6 —}— 8. —] L el e
VIOLET———f— 7 = p e "' = =
GRAY — 1L & —| 8L  __ lsops| — -
WHITE———l g 1 g - 2 SR 2.7
= ORG ORG BLK GAN
1 i ' :

TEMPERATURE 3 3 x | #5%

TEMPERATURE 22’5""‘4“‘5‘
NOTE

COEFFICIENT— BELOW 33wf £5%
SEE NOTE 2
BELOW.

(VALUE N wpf—SEE NOTE 3 BELOW)

NOTES:

1. The characteristic of a mica capacitor is the temper-
ature coefficient, drift capacitance and insulation resistance,
This information is not usually needed to identify a capacitor
but, if desired, it can be obtained by referring to EIA Stand-
ard, RS-153 (a Standard of Electronic Industries Association,)

2, The temperature coefficient of a capacitor is the predict-
able change in capacitance with temperature change and is

expressed in parts per million per degree centigrade, Refer
to EIA Standard, RS-198 (a Standard of Electronic Industries
Association,)

3. The farad is the basic unit of capacitance, however cap-
acitor values are generally expressed in terms of pfd (micro-
farad, .000001 farad) and puf (micro-micro-farad, ,000001
pfd); therefore, 1,000 ppuf = ,001 pfd, 1,000,000 puf = 1ufd,

USING A PLASTIC NUT STARTER

A plastic nut starter offers a convenient method
of starting the most used sizes: 3/16" and 1/4"
(3-48 and 6-32). When the correct end is pushed
down over a nut, the pliable tool conforms to the
shape of the nut and the nut is gently held while it
is being picked up and started on the screw. The
tool should only be used to start the nut,
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OPERATION OF THE

HEATHKIT Gm TUBE TESTER
MODEL TT-1

SPECIFICATIONS

Voltage: 105-125, 60 cycle AC.
Watts: 10-60 (dependent upon tube under test).

Plate Supply (Silicon Rectifiers):. . . ... ... .. DC volts: 26, 90, 135, 225, variable 80 to 200.

AC volts: 20, 45, 177.
(Separate DC supply for space charge grids.)

Bias Supply (Silicon Rectifier):. .. ......... Low Range: 0 to negative 5 volts DC.

High Range: 0 to negative 20 volts DC,

Signal VoltageBr. . v v v s » s vs 508 5 650 0w 2,1, .5, .25 volts AC, 5000 cycles.

Filament Supply:. . . .................. Voltages:

21.5
3 35
5 47
70
] 13 115
.3

N = N

WMN!—‘:—"
(=
[=]

Currents: 300, 450, 600 ma.

NOTE: Filament voltage is reduced 10% during
life test.
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Meter

.................

-------------------
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Mutual conductance for amplifiers, 0-24,000
micromhos.

Rectifiers and diodes.
Direct reading ohmmeter.
1/4 microampere sensitivity.

Firing voltage and regulation tolerance.

Grid characteristics, conduction capabilities.

Control grid characteristics.

1000 ohms/volt (1 volt full scale).
.89 ma full scale.

Gm: 0-3000 micromhos.

VR Test volts: 0-200.
Leakage: 0-10 megohms.
Diodes: "OK"

Rectifiers: "OK"

Line check arrow at midscale.

1 - 3A4 oscillator.
1 - 12AV6 meter control.

Built-in, switch operated.

4.pin, 5-pin, 6-pin, 7-pin combination and
pilot light, 7-pin miniature, 7-pin subminiature,
8-pin subminiature, octal, loctal, 9-pin minia-
ture, blank.

Continuously variable.

Constant tension, free rolling, dual thumb wheel
operated, illuminated.

17 3/4" wide x 13 1/2" high x 7 1/2" deep.

17" wide x 12 3/4" high x 5 1/2" deep.



HEATHRKIT

INTRODUCTION

A vacuum tube possesses a number of operating
characteristics, any one of which maybe usedto
indicate operational capabilities of the tube. Any
number of tube testing devices are available,
utilizing one or more of these characteristics,
each one subject to its own limitations. It is
universally recognized that no tube tester can
provide a complete and accurate account of the
condition existing within a given vacuum tube
when that tube is in operation in the equipment.
If maximum benefit is to be obtained froma tube

EMISSION TESTING

Testing the emission capabilities of the cathode
provides the simplest and most economical
means of determining the overall quality of a
vacuum tube, This is accomplished by connecting
all the grids to the plate and operating the tube
as a rectifier. The actual emission of the cathode
is then compared to a predetermined value
accepted as standard for that tube type. K the
cathode should have one particularly active
portion, the emission checker will indicate the
quality of the tube to be good, even though the

TRANSCONDUCTANCE TESTING

A transconductance tester places a standard
voltage on each tube element, creating a plate
current flow. Measurement of this plate current
will indicate the transconductance of that par-
ticular tube under static conditions. Here again,

DYNAMIC TRANSCONDUCTANCE TESTING

The dynamic transconductance of a tube is
measured by using the circuit of the static
transconductance tester and adding a signal
generator. By applying a signal tothe grid of the
tube under test, the action of the plate current
will be similar to that experienced in the re-
ceiver, varying in relationship to the input signal.
This system gives an indication of how the tube

EQUIPMENT TESTING

No tube tester is required in this system of tube
testing; simply insert a new tube in the equip-
ment and observe the results. At first glance
this appears to be the most inexpensive testing

tester, regardless of its design, two things should
be known:

1. the requirements placed on the tube.

2. the limitations of the tube tester.

With this thought in mind, we have listed some

of the more commonly used methods of tube
testing.

remainder of the cathode may be inactive. On
the other hand, modern coated cathodes are
capable of large emission, often far inexcessof
the emission requiredfor the particular applica-
tion. In some cases the emission checker will
indicate the quality of the tube tobe questionable
or even unacceptable. This tube may not function
in an application requiring a large emission but
would probably operate satisfactorily for a long
time in a circuit where the emission require-
ments are less stringent,

since the tube is not operating EXACTLY as it
does in the equipment, the test may be termed
inconclusive. An improved version of the trans-
conductance test is available in;

will operate under signal conditions, but is still
somewhat limited. Certain types of tubes cannot
be completely checked on any type of tester,
even the dynamic transconductance tester. Par-
ticular offenders in this respect are tubes used
in the vertical and horizontal deflection circuits
of television receivers. The only method of
accurately checking these tubes is by:

system available. Bear in mind, however, that if
all tubes were to be tested in this manner, a
stock of tubes representing an investment of
several hundred dollars would be required.

Page 3



POWER OUTPUT TESTING

This testing system is perhaps the most satis-
factory in regards to similarity between test re-
sults and actual operation in the equipment. Since
both the input and output powers are known,
the other factors can be determined. In the case

LOW LINE TEST

In this testing system the input voltage to the
equipment is lowered to 105 volts, Sufficient time
should be allowed (10 minutes) for the tube

of voltage amplifiers the voltage amplification
and output voltage will be of prime interest.
The power output test is ideally suited to test-
ing power amplifiers, where the output power is
of major concern.

heaters to stabilize. If the questionable tube
fails to function properly it should be replaced.

INSTRUMENT DESCRIPTION

The HEATHKIT Model TT-1 Tube Tester is a
vacuum tube tester of the proportional mutual
conductance type. It will also test voltage regu-
lators, eye tubes and thyratrons. One of the out-
standing features of this instrument is the
switching system utilized in connecting the var-
ious tube elements to their proper potentials.
By using nine single-circuit 12-position rotary
switches, it is possible to connect the tube ele-
ments (through suitable resistance values) to
separate filtered DC voltage supplies regardless
of the pin numbers involved. The number of se-
lector switches has been held to a minimum by
providing two cap clips, one each for grid and
plate caps, which are soldered directly into the
circuit and therefore require no switching. The
setup procedure has been further simplified by
the use of the K, P, and G switches. These
switches make it possible to checkboth sections
of a tube having two identical sections with only
one group of settings for all other switches and
controls involved,

The roll chart mechanism is a unique design
which permits - the roll chart to run freely
throughout its entire length without binding,.
The chart rollers are spring loaded to keep
the chart taut at all times to present a smooth
viewing surface. No difficulty in operation
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should be experienced on the part of the left
handed operator since thumb wheels have been
provided on both sides of the panel to eliminate
any crossover problems. The arrangement of
the columns on the chart corresponds to the
placement of the knobs on the panel so that the
setup procedure may be accomplished in an
orderly left-to-right, top-to-bottom sequence.
The roll chart and meter have been illuminated
to make the instrument more adaptable to use
in darkened areas (such as the inevitable dark
corner behind the TV receiver).

In addition to the usual selection of filament
voltages, the TT-1 contains a constant cur-
rent supply of either 600, 450 or 300 ma. to be
used in the testing of series string tubes. This
supply is connected through the filament switch
and is used when called for onthe roll chart just
as any other filament switch setting.

As an additional convenience to the operator,
the TT-1 has been designed with a removable
line cord. A line voltage outlet is mounted on
the upper right corner of the panel to provide
power for another instrument, a trouble light
or simply to replace the wall outlet used by plug-
ging in the TT-1.



CIRCUIT DESCRIPTION

LINE TEST CIRCUIT

The line test circuit is in operation when the
line test switch is inthe ""down' position. Chang-
ing the position of the tap on the control in the
primary of the power transformer (rotating the
SET LINE control) will, in effect, vary the turns
ratio. The voltage across each of the four sec-
ondary windings will change simultaneously as
the SET LINE control is varied. Therefore,
adjusting one particular winding to the proper
level automatically sets the voltage of all sec-
ondary windings to a specified value,

LEAKAGE TEST CIRCUIT

Leakage testing is controlled by the LEAKAGE
switch. which, in its numbered positions, dis-
connects all tube elements from the other testing
circuits and connects them into the leakage test
circuit. The meter deflection in each switchpo-
sition is indicative of the resistance betweenthe
isolated element and other elements of the tube.

00V

.

SET__LINE 'E
e T ®
3500

105-125
VAC
60N

=)

For this circuit the meter deflectionis inversely
proportional to the leakage resistance, a full-
scale reading thus indicating zero resistance.
Resistance values as high as 10 megohms can
be measured. The element checked for a given
position of the LEAKAGE switchis shownbelow.

(A
SUFD
100V. == TO ELEMENTS UNDER
TEST
. I'A'l'l"'
33
POSITION MEASURES LEAKAGE BETWEEN

1 Heater and cathode.
2 Suppressor grid and all other elements.
3 Plate and all other elements.
4 Screen grid and all other elements.
5 Control grid and all other elements.

A low or zeroresistance indicationfor position1
is normal for tubes that are of the filamentary
type or have an internal heater-cathode con-
nection,

The red line on the leakage scale is the 250,000
ohms mark and is the approximate value that
causes the neon lamp to light in conventional

short test circuits.

The leakage tests are performed at a DC poten-
tial of 125 volts. The element under testis con-
nected into a series ohmmeter circuit as shown
in the Diagram. Any deflection of the meter will
be proportional to the value of resistance placed
between the arrows.

Page 5
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Gm TEST CIRCUIT

Of the many measurable characteristics of
vacuum tubes, mutual conductance is the one
most closely associated with actual operating
performance. This is the method used for test-
ing amplifier tubes in the HEATHKIT Model
TT-1. This test uses the circuit shown, and
is performed in the following manner:

All element voltages on the tube under test are
filtered DC potentials to give a more accurate
and indicative test. The plate circuit consists
of a variable DC plate supply and high-passfilter
(L-1, C-1 and R-1) which is connected to the
meter circuit. This filter passes only the 5000
cycle component of plate current and blocks the
DC plate current and any 60 cycle ripple that
may be present.

The grid circuit consists of the variable DC bias
supply and the 5000 cycle oscillator. When a
signal voltage (eg) is impressed on the grid of
the tube under test, a signal current (ip) is pro-
duced in the plate circuit which gives a meter
reading proportional to the value of grid signal
and thus to the mutual conductance of the tube.

DIODE AND RECTIFIER TEST CIRCUIT

The useful life of a diode or rectifier type tube
ends when the emission capability of its cathode
falls below some given level, the exact value of
which may differ for each tube type. The circuit
used 1o test these tubes is shown below:

2] ., [R3]

TUBE UNBER
TEST

METER

i
%
®

m] .i \UK;'

DC
PLATE
SUPPLY

For a given signal, the meter can be calibrated
to read in terms of gm by using the following
relationship: iy =eg x gm where g is the
mutual conductance. Rearrangement of the
above gives: gm = ip/eg.

Therefore, if the grid signal is 1 volt and the
plate current is 3 milliamperes, a full scale
deflection of the meter correspondsto.003 mho.
Since 1 mho = 1,000,000 micromhos, .003 mho=
.003 x 1,000,000 = 3000 micromhos.

The term "proportional mutual conductance™ is
derived from the fact that proportional values of
element voltages are applied to the tube under
test.

A milliammeter is connected in series with the
tube under test to measure the tube current. For
a given tube type, a suitable plate voltage and
load resistor are selected by the plate switch
and connected to the proper elements. Each
rectifier and diode type is rated in terms of
emissive capacity and must read above the
appropriate scale marking to be considered good.

620 n too n TUBE
MWW UNDER
TEST
GmADJ.
W
R1] 10k et

20, 45 OR @

177 VOLTS
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HEATHKIT

VOLTAGE REGULATOR (VR) TEST CIRCUIT

The testing of voltage regulator tubes is accomp-
lished through the use of a variable DC power
supply. The variable DC supply voltage is ob-
tained by using two AC sources (one fixed and
one tapped), two silicon rectifiers (CR-1 and
CR-2) and a charging capacitor (C-3). DC po-
tentials are applied to the voltage regulating
tube under test through a current limiting re-
sistor (R-7) which also serves as the regulating
resistor. A voltmeter circuit (R-5, R-6 and the
meter) indicates the firing voltage as the applied
potential is varied over the range in which the
tube should fire. The point at which the tube fires
is indicated by a sudden downward deflection of
the meter pointer. This occurs because it isthe
property of a voltage regulator tube to main-
tain a voltage across its elements in the order
of five to thirty volts below its firing potential.

After the VR tube has fired, its value as a reg-
ulator can be determined by varying the applied
voltage between the limits specified on the roll
chart. Between these limits a variationfrom the
regulating point will be an indication of the tube's

THYRATRON TEST CIRCUIT

Low power thyratron tubes are tested by the TT-1
for their grid characteristics and their conduc-
. tion capabilities. The tube to be tested is con-
nected into the test circuit, as showninthe Dia-
gram.

For this test the meter is connected inthe plate
circuit as a milliammeter. The tube is held to
cutoff by means of ahighbias applied to the grid.
When the bias is decreased so that the grid be-
comes less negative with respect tothe cathode,
a point will be reached when the tube will sudden-
ly conduct and give an indication on the meter.
The value of BIAS setting at which this occurs
should fall within the limits specified in the
REMARKS column of the roll chart. For ex-
ample, a tube having "Thyra; Fire 15-0 Bias"
in the REMARKS column should fire between
a BIAS setting of 15 and 0.

After the tube has fired, the pointer should fall
within the specified portion of the scale for the
tube to be considered good.

[ T TTY
Lt Lal Y
87 172V @ 2K 10w
225 K
1%
oV UNDER

CD
.

115 V. [‘E == Ol
20 UF

50 v

z
0k 3

1%
ov

regulating capacity. For example, if the tube
fires at 110 volts, let us assume that it will
maintain a regulating potential of approximately
105 volts, with the following in the REMARKS
column: "4.0 V Reg, Fil 5 to 70 V." Therefore,
when the FILAMENT switch is rotated from 5
to 70, the meter, which now acts as a voltmeter
across the VR tube, should not vary more than 4
volts. If the variation is more, the VR tube should

be considered faulty and replacement is recom-
mended.

1.5'\.“
METER

TUBE

TEST

DC
BIAS
SUPPLY

DC
PLATE

SUPPLY
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GRID CURRENT TEST CIRCUIT

The grid current test circuit will determine if,
for any reason, the tube under test is drawing
grid current. The most common reasons for grid
current flow are: (1) gas; (2) leakage from grid
to another element; (3) grid contamination (sec-
ondary emission), a condition existing when the
active material from the cathode is deposited on
the grid, thus causing it to emit electrons.

The grid of the tube under test is connected to
the grid current testing circuit, as shown in the
Diagram. The 12AV6 tube is biased beyond cutoff
so that no plate current flows, hence no meter
reading is indicated. Grid current flowing
through the tube under test will develop a volt-
age across the 18 megohm resistor. This volt-
age raises the DC bias on the 12AVS, bringing

CONSTANT CURRENT HEATER SUPPLY

The constant current heater supply used in the
TT-1 operates from the 115 volt filament tap.
This tap is connected to the tube heater through
a ballast capacitor. Since the voltage drop across
the tube is small in comparison to the vpltage
drop across the capacitor, the capacitor imped-
ance will be the current determining element in
this series circuit. The tube heater is, essen-
tially, a resistive impedance. This means that
the impedance of the two elements (resistive and
capacitive) are approximately 90 degrees out of
phase with each other. This fact, in addition to
the magnitude of each impedance relative to the
other, enables the capacitor toact as an efficient
current regulating unit. The capacity value used
for each current supply is:

300 ma 7.1 pfd
450 ma 10.7 pfd
600 ma 14.3 ufd

Page 8

12AvVe

D DC
BIAS PLATE
SUPPLY

it above cutoff. Since the bias is now above the
cutoff value, plate current will flow through the
12AV6 and the meter, thus indicating the grid
current flow in the tube under test.

7.1,10.7, OR 14.3 UF

l [5m

(109,110,111 v, oh:.)‘ TUBE UNDER TEST T
Ec .

nsv ) (4.2, 4.7,6.3v, efc) Eq

60U ) l

E=VOLTAGE ACROSS CAPACITOR Ef=HEATER VOLTAGE




USING THE HEATHKIT

ROLL CHART ABBREVIATIONS

In order to list the greatest number of tube types
on a roll chart that is necessarily limited in
size, abbreviations must be used to indicate
control settings, procedures, etec. An explana-
tion of these abbreviations is given below:

TYPE

PLATE

BIAS

FIL

METER

SIG

SELECTORS

R.P.

REMARKS

List the tube according to
the EIA (RETMA) number.

Setting of the PLATE switch.

Setting of the BIAS control
and BIAS RANGE switch.

Example: A setting of 20 L
means that the BIAS control
is to be setat 20 and the BIAS
RANGE switch is to be setto
the L (low) position.

Setting of the FILAMENT
switch.

Setting of the METER (sensi-
tivity) control.

Setting of the SIGNAL switch.
NOTE: The Gm scale read-
ing is not multiplied by the
setting of this switch.

Settings of each of the nine
SELECTOR switches, read-
ing from left to right, with
the two rows separated by a
dash,

This is the Reject Point, or
the value of the meter read-
ing at or below which the tube
being tested should be re-
jected.

Any information pertaining
to testing of the tube.

Meter should indicate short
when LEAKAGE switch is in
position 1.

TT-1TUBE TESTER

No Leak Check Do not rotate LEAKAGE

Leak On

Pe

Tr

Pl and P2

Gl and G2

K1l and K2

Osc

Whole Tube

Reg

Firing Lim

switch through positions 1,
2,3,40rh5.

A short circuit will be indi-
cated on meter for the posi-
tions of the LEAKAGE switch
following this abbreviation.

Pentode section of tube is
being tested.

Triode section of tube is
being tested.

Tube shall be tested with
switch P in both P1 and P2
positions.

Tube shall be tested with
switch G 1n both G1 and G2
positions,

Tube shall be tested with
switech K in both K1 and K2
positions.

NOTE: Where the "2" posi-
tions of two or more of the
K, P or G switches is called
for, it is recommended that
they be pulled down simul-
taneously. Unless otherwise
stated, these switches must
be in the K1, P1 and G1 po-
sitions.

Oscillator section of tube
is being tested.

Specifies that all elements
in tube are being tested si-
multaneously.

Shows by how many volts a
regulator tube can vary on
the "VR TEST VOLTS"
scale.

The range of voltage fol-
lowing this abbreviation in-

_dicates the firing limits of

the tube under test.
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Plate Cap

Plate clip should be con-
nected to the tube cap.

Grid Cap Grid clip should be con-
nected to the tube cap.
Thyra Thyratron,
X1, X2, X3, (In the REMARKS column)
ete. Indicates the factor used to

multiply the Gm scale read-
ing to obtain the actual Gm
value.

Additional abbreviations that appear in the SIG

column are:

R - Tube is to be tested as a rectifier.
D - Tube is to be tested as a diode.
VR -  Voltage Regulator tube.

E - Test procedure for eye tubes is to be

used.

OPERATING INSTRUCTIONS

1.

Place the TT-1 on a flat, solid, horizontal
surface and plug the line cord into a 105-
125 volt, 60 cycle source.

With the LINE TEST switch pulled down,
adjust the meter pointer to the LINE CHECK
arrow at midscale by rotating the SET LINE
control, then release LINE TEST switch.

Refer to the roll chart for data on the tube
to be tested.

Adjust PLATE, BIAS, FIL, METER, SIG and
SELECTORS to correspond to roll chart
information. The K, P and G switches should
always be in Position 1 unless otherwise
stated.

Set LEAKAGE switch to Position 1 and
insert the tube in the proper socket.

Allow sufficient warmup time and then reset
the SET LINE control, if meter pointer is
not on the LINE CHECK arrow with LINE
TEST switch pulled down.

Page 10

Rotate LEAKAGE switch through Positions
1, 2, 3, 4 and 5, tapping the tube lightly for
each position of the switch. K the meter
indicates less than 500 Kf2, the tube should
be rejected. In certain critical applications,
such as audio preamplifiers or certain TV
circuits, performance may be impaired if
the heater-cathode and/or interelement
leakages are less than 2 megohms.

NOTE: A leakage indication may be normal
if listed in the REMARKS column. A meter
indication on position 1 indicates heater-
cathode leakages. Readings on Positions 2,
3, 4 and 5 indicate suppressor grid, plate,
screen grid and control grid leakages,
respectively.

With LEAKAGE switch in the TUBE TEST
position, depress Gm TEST switch for Gm
reading. If the meter indication is less than
the value given in the R.P. column, the tube
should be rejected,.

NOTE: The reject point listed on the roll
chart is given in terms of the basic 0-3000
micromhos scale. If the meter reads below
the reject value, the tube should be con-
sidered faulty. However, it is possible, in
certain special applications, that a tube
must be replaced even though its Gm is
still above the givenrejectpoint. Converse-
ly, other tubes may function satisfactorily
in certain equipment, even though their Gm
has dropped to as low as 50% of their nomi-
nal or "bogie" values. In accordance with
EIA (RETMA) standards, 65% of the nominal
Gm value has been established as the re-
jection point (R.P.). The multiplying factor
in the REMARKS column is used only to
obtain the actual Gm, which is derived by
multiplying the reading on the 0-3000 micro-
mhos scale by the multiplying factor. Again,
this factor is NOT used with respect to the
reject point,

Turn the GRID CURRENT switch tothe TEST
position and hold it there for atleast’ sec-
onds. If no increase in meter reading is
noted, the tube is not drawing grid current
and may be considered "good." Any meter
deflection during this test indicates the tube
is drawing grid current and should be re-
jected. There is no scale on the meter to
indicate the magnitude of grid current flow
since any amount may be considered as
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detrimental to the operation of the tube,.
In some cases, however, a '"borderline"
condition may exist. That is, the tube is
suspected to be drawing grid current in its
normal application but there is no evidence
of grid current shown by the tester. Grid
current may be the result of an increase in
bulb temperature due toprolonged operation
or other nearby heat-producing components,
A more thorough check on the ""borderline"
tube may be made by allowing the tube to re-
main in the tester until the temperature in-
side the bulb becomes higher. Since the
tube is located "out inthe open'' (whenin the
tester), the movement of air around the bulb
keeps the temperature down. Placing an
unventilated tube shield around the tube will
block off the air flow and raise the bulb
temperature. As an extreme measure, the
heater voltage maybe increased, the amount
of increase being left to the discretion of
the operator.

Depress the LIFE TEST switch and allow a
few minutes for the tube heater to stabilize.
Readjust the SET LINE control, if neces-
sary. Pull down the Gm TEST switch and
note the Gm reading. If this reading shows
more than 20% drop relative tothe Gm value
previously noted, it may be assumed that the
useful life of the tube is about over. Since
there is no positive method of determining
the remaining life of a vacuum tube, this
test provides you with only a "'guestimate."
A combination of your own eXperience,
knowledge of the particular circuit in which
the tube is used, and a thoroughunderstand-
ing of what the TT-1 is telling you, should
serve as an adequate guide in answering the
question, "To replace or not to replace?"

Observe the REMARKS column for P1, G1,
K1 and P2, G2, K2, or any combination of
these letters. This indicates the tube is a
multi-section type, two sections of which
may be tested with the same settings. Simply
move the indicated switches (P, G, K) to Po-
sition 2 and repeat the testing as outlined
above.

If there are two lines of control settings
listed for a single tube type, depress DIS-
CONNECT switch, change the controlknobs
as indicated, and return the DISCONNECT
switch to the normal position. The testeris

now set up for the secondtesttobe made on
this tube. ALWAYS use the DISCONNECT
switch when changing settings with atubein
the tester, in order to avoid damage to the
tube under test.

The above instructions are intended for Gm
testing of amplifier type tubes. Special instruc-
tions and precautionary notes in regard to other
types are listed below.

DIODE AND RECTIFIER TUBES

1.,

Follow Steps 1 through 7, as listed above.
NOTE: The SIG and BIAS controls have no
effect when testing rectifiers or diodes and
may therefore be in any position.

With LEAKAGE switch in the TUBE TEST
position, depress the AMPL-RECT-DIODE
switch to the RECT-DIODE position. If a D
appears in the SIG column of the roll chart,
a meter reading above the DIODES OK mark
indicates an acceptable tube. If an R appears
in the SIG column of the roll chart, the meter
must read above the RECTIFIERS OK mark.

VOLTAGE REGULATOR (VR) TUBES

1,

Refer to the roll chart for data on the tube
to be tested.

Set LEAKAGE switch to TUBE TEST posi-
tion. Set PLATE, FIL and SELECTORS to
the indicated positions. The VR in the SIG
column indicates that the procedure for test-
ing voltage regulator tubes is tobefollowed.

Turn the SET LINE control fully counter-
clockwise and insert the tube in the proper
socket. Do not make a line check.

Turn the SET LINE control slowly clock-
wise, observing the point on the 200 volt
test scale at which the tube fires. When the
tube has fired, the pointer willfallbackto a
lower value of voltage.

The value which the pointer reaches just be-
fore falling down-scale should be within the
firing limits, as specified on the roll chart.
If the glow is not steady and/or the meter
pointer is not steady, the SET LINE control
should be increased (clockwise rotation)
just enough so that BOTH are steady. Ob-
serve the meter reading after this final
adjustment.
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5. Leaving the SET LINE control set as is,
vary the FILAMENT switch through the po-
sitions stated and again observe the meter
reading. This new reading should not vary
more than the value of "V Reg" as stated in
the REMARKS column.

CAUTION: The following is a list of "DON'TS"
to be observed during the testing of voltage reg-
ulator tubes.

1. DO NOT insert the tube in the socket until
all controls to be used have been properly
set.

2. DO NOT make a leakage test.

3. DO NOT change any of the SELECTORS
while the tube is in the socket.

4. DO NOT rotate the SET LINE control after
the tube has fired and the final adjustment
has been made.

Failure to heed the above comments may result
in a test that is meaningless.

LOW-POWER THYRATRON TUBES

1. Follow Steps 1 through 4 of the general
instructions.

NOTE: The SIGNAL switch may be disregarded
when testing thyratron tubes and may therefore
be in any position.

2. Rotate BIAS control to 45 and insert the tube
into the proper socket.

3. Depress AMPL-RECT-DIODE switch to
RECT-DIODE position.

4. Slowly rotate the BIAS control toward zero,
carefully observing the meter. Note the
value of BIAS setting at which the meter
suddenly deflects up-scale. This is a testof
the tube's control grid characteristic; the
value of BIAS setting should fall between the
limits given in the REMARKS column. For
example, a tube having "Fire 10-0 bias"
in the REMARKS column should fire at a
bias setting between 10 and 0.

5. With the AMPL-RECT-DIODE switch in the
RECT-DIODE position, the meter pointer
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must fall in the RECTIFIERS OK portion of
the scale to be considered good.

EYE TUBES

1. Follow Steps 1 through 7 of the general
instructions.

NOTE: The SIGNAL and METER controls may be
disregarded when testing eye tubes and may
therefore be set in any position.

2. Vary the BIAS control and observe the
shadow of the eye tube. Failure of the shadow
to change as the BIAS control is rotated
indicates a defective tube. Failure of the eye
to close completely does NOT indicate a
defective tube but only means that the tube's
characteristics are "out of range" of the bias
values available.

TESTING UNLISTED TUBES

The procedure outlined below may be used as a
guide in determining control and switch settings
for testing tubes not listed on the roll chart or
supplement sheet. Testing a tube in this man-
ner will show the tube to be either operative or
inoperative, but will not indicate the degree of
operative condition. While there may be several
combinations of control and switch settings
that will produce a meter deflection, valid Gm
readings can be obtained only by that combina-
tion of settings determined in the laboratory as
correct for that tube type. If several tubes of the
same type are available, they maybetestedon a
comparison basis to determine which has the
greater amplification under a given set of test
conditions.

SELECTOR Switch Positions

The SELECTOR switches correspond to tube
pins, reading left to right, top to bottom.

Position 0 - The tube pin is disconnected
from all voltage supplies and all other tube
pins,

Position 1 - Cathode bus.

Position 2 - Suppressor grid bus.

Position 3 - Plate bus.
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Position 4 - Screen grid bus.
Position 5 - Control grid bus.
Position 6 - Heater connection (high side).
Position 7 - Heater connection (ground side).

Position 8 - Space charge grid bus.

The above listed positions are active when the
K, P and G switches are inthe #1 Position. With
these switches in the #2 Position, the cathode bus,
plate bus and control grid bus are switched to the
K, P and G positions of the SELECTOR switches.

PLATE Switch Positions

0-26 VDC
A-20V AC
B-45V AC
C-90VDC
D-135VDC
E-177TV AC
F-225V DC

G - Variable DC (for VR tubes)

BIAS Control and RANGE Switch

Range switch in L (low) position:
Control ré.nge is 0 to 5 volts negative.
Control sétting of 10 is approximately 1 volt.

Control setting of 20 is approximately 2
volts, etc.

RANGE switch in H (high) position:

Control range is 0 to 20 volts negative.

Control setting of 10 is approximately 4
volts.

Control setting of 20 is approximately 8
volts, ete.

SIGNAL switch positions:

1 - 2 volts RMS
2 - 1 volt RMS
4 - .5 volt RMS

8 - .25 volt RMS

The following example is based on the 6AU6 and
illustrates the steps involved in testing an un-
listed tube type.

1.

Reference to a tube manual (Specification
Sheet, Schematic Diagram, etc.) shows that
pin 1 of the tube is the control grid con-
nection. The SELECTOR switch corres-
ponding to this pin should therefore be
placed in the control grid position (Position
5). Pin 2 is the suppressor grid connection;
the second SELECTOR switch is placed
in Position 2. Pin 3 is a heater con-
nection - SELECTOR switch to either Po-
sition 6 or 7 ; Pin 4 (other heater connec-
tion) connects to the remaining heater po-
gition. Pin 5 is the plate connection - this
SELECTOR switch is indexed to Position
3. Pin 6 is the screen grid connection
(Position 4 on SELECTOR switch) and Pin 7
is the cathode connection (Position 1). The
remaining two SELECTOR switches are not
used for a 7-pin tube and are therefore
placed in the 0Position. The SELECTOR
switch setup for this tube would be:
52763-4100.

Set the FILAMENT switch to the proper
voltage or current position. If neither the
voltage nor the current canbe set exactly as
called for, use the next lower voltage value,
The 6AU6 would use the 6.3 volt position

of the FILAMENT switch.
Set the PLATE switch to the available

voltage nearest to that specified (always
use the lowest plate voltage that will pro-
duce a useable meter reading; inadditionto
subjecting the tube under test to high plate
current, excessive plate voltage may givea
grid current indication on a good tube). The
"Typical Operation' chartfor the 6AUG lists
100 volts as the plate voltage; the PLATE
switch should therefore be set to Position
C (90 V DC). Page 13



4. Adjust the BIAS control and RANGE switch
to obtain the desiredbias voltage. Referring
again to the "Typical Operation" chart of
the tube manual, it is noted that abias value
of -1.0 volt should be used in conjunction
with the 100 volt plate voltage. One volt
bias corresponds to a setting of 10 L.
(Always use as high a value of bias as pos-
sible, consistent with obtaining a useable
meter reading. The high bias value will pre-
vent the flow of excessive plate current
which might damage the tube, the tester,
or both.)

5. The SIGNAL switch should be at Position 8.

6. The METER control should be at max-
imum counterclockwise.

7. K, P and G switches should be in Position 1.
LEAKAGE switch in Position 1.

8. Plug in the tube and observe it closely as it
warms up. Turn off the power tothe TT-1 at
any sign of sparking, gas ignition, over-
heating, etc. Excessive dimming of the panel
lamps may be another indication of trouble.
Should any of these unusual conditions exist,
carefully recheck the setting of the SE-
LECTOR switches.

9. After the tube has warmed up, rotate the
LEAKAGE switch through all positions.
If the tube passes all leakage tests, place
LEAKAGE switch in TUBE TEST position.
Pull down the Gm test switch and advance
the METER control until the meter shows an
indication. Half-scale deflection (LINE

CHECK arrow) is usually a good place to
start when comparing several tubes of the
same type. If only one tube is to be tested,
the existence of a meter reading shows the
tube to be responding to the AC signal volt-
age injected at the grid. Proceed to make the
other usual tests on the tube (grid current,
ete.).

10. If no meter reading was obtained in Step 9
above, returnthe METER control to its max-
imum counterclockwise position and ad-
vance the SIGNAL switch to the next higher
signal voltage (Position 4). Again advance
the METER control. If no meter reading is
obtained, move the SIGNAL switch to Po-
sition 2. Continue on to Position 1 if neces-
sary. ALWAYS start with METER control
maximum counterclockwise to avoid "pin-
ning' the meter.

11. If, after advancing signal voltage to Position
1, no meter reading is obtained, cautiously
increase the DC plate current through the
tube by either increasing the plate voltage
or decreasing the bias.

12. When maximum conditions have been reach-
ed (highest plate voltage, 0 bias, highest
signal voltage, maximum meter sensitivity)
and the meter still shows no deflection, it
may be assumed the tube is completely in-
operative and should be replaced. Your own
experience and knowledge must be relied
upon to decide upon replacement in cases
where excessive voltage and signal condi-
tions are required to produce a meter read-
ing.

SERVICE

I, after applying the information contained in
this manual and your best efforts on the unit, you
are still unable to obtain proper performance
from the TT-1, it is suggested that youtake ad-
vantage of the technicalfacilities which the Heath
Company makes available to its customers.

The Technical Consultation Department is main-
tained for the purpose of providing Heath custo-
mers with a personalized technical consultation
service; this service is available to you without
charge. The technical consultants are thorough-
ly familiar with all details of this kit and can
usually localize the trouble from a suitable de-
scription of the difficulty encountered. It is, of
course, necessary that youprovide full and com-
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plete information concerning your problem when
writing tothe Technical Consultation Department
for assistance. For instance, clearly identify
the kit involved, giving the purchase date and, if
possible, the invoice number; describe in detail
the difficulty that you have encountered; state
what you have attempted to do to rectify the
trouble, and what results have been achieved,
and include any information or clues that you feel
could possibly be of value to the consultant who
handles your problem. Failure to provide com-
plete and accurate descriptive details may lead
to incorrect assumptions on the part of the con-
sultant and needless delay in the solution of your
problem. Quite frequently, when the information
given the consultant is complete, concise and re-



liable, a diagnosis of the difficulty can be made
with confidence and specific instructions given
for its correction. If replacement of a compo-
nent is involved in the correction, the component
will be shipped to you, subject to the terms and
conditions of the Warranty.

The Factory Service facilities are also available
to you, in case you are not familiar enough with
electronics to provide our consultants with suf-
ficient information on which to base a diagnosis
of your difficulty, or in the event that you pre-
fer to have the difficulty corrected in this man-
ner, You may return the completed instrument
to the Heath Company for inspection and neces-
sary repairs and adjustments. You will be
charged a minimal service fee, plus the price
of any additional parts or material required,
However, if the completed kit is returned within
the Warranty period, parts charges will be
governed by the terms of the Warranty, State
the date of purchase, if possible,

Local Service by Authorized HEATHKIT Serv-
ice Centers is also available in some areas and
often will be your fastest, most efficient method
of obtaining service for your HEATHKIT equip-
ment, Although you may find charges for local
service somewhat higher than for factory serv-
ice, the amount of increase is usually offset
by the transportation charge you would pay if
you elected to return your kit to the Heath
Company,

HEATHKIT Service Centers will honor the reg-
ular 90 day HEATHKIT Parts Warranty on all
kits, whether purchased through a dealer or
directly from Heath Company. It will be nec-
essary that you verify the purchase date of your
kit by presenting your copy of the Heath Company
invoice to the authorized Service Center.

Under the conditions specified in the Warranty,
replacement parts are supplied without charge;
however, if your local dealer assists you in lo-
cating a defective part (or parts) in your kit, or
installs a replacement part for you, he may
charge you for this service.

HEATHKIT equipment purchased locally andre-
turned to Heath Company for service must be
accompanied by your copy of the dated sales
receipt from your authorized HEATHKIT dealer
in order to be eligible for parts replacement
under the terms of the Warranty.

THESE SERVICE POLICIES APPLY 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.

For information regarding modifications of
HEATHKIT equipment for special applications,
it is suggested that you refer to any one or more
of the many publications that are available on all
phases of electronics. They can be obtained at
or through your local library, as wellas at most
electronic outlet stores. Although the Heath
Company welcomes all comments and suggest-
ions, it would be impossible to design, test, e-
valuate and assume responsibility for proposed
circuit changes for specific purposes. There-
fore, such modifications must be made at the
discretion of the kit builder, according to infor-
mation which will be much more readily avail-
able from some local source.

REPLACEMENTS

Material supplied with HEATHKIT products has
been carefully selected to meet design require-
ments and ordinarily will fulfill its function with-
out difficulty. Occasionally improper operation
can be traced to a faulty component. Should in-
spection reveal the necessity for replacement,
write to the Heath Company and supply all of the
following information.

A. Thoroughly identify the part in question by
using the part number anddescriptionfound

in the manual Parts List.

B. Identify the type and model number of kit
in which it is used.

C. Mention date of purchase.

D. Describe the nature of defect or reason for
requesting replacement.
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The Heath Company will promptly supply the
necessary replacement. Please donot returnthe
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 pre-

vent breakage in shipment as broken tubes are
not eligible for replacement. This replacement
policy dots not cover the free replacement of
parts that may have been broken or damaged
through carelessness on the part of the kit build-
er.

SHIPPING INSTRUCTIONS

In the event that your instrument must be re-
turned for service, these instructions should be
carefully followed.

ATTACH A TAG TO THE INSTRUMENT BEAR-
ING YOUR NAME, COMPLETE ADDRESS, IN-
VOICE NUMBER ON WHICH THE INSTRUMENT
WAS PURCHASED, AND A BRIEF DESCRIPTION
OF THE DIFFICULTY ENCOUNTERED. Wrap
the instrument in heavy paper, exercising care
to prevent damage. Place the wrapped instrument
in a stout carton of such size that at least three
inches of shredded paper, excelsior, or other
resilient packing material canbe placed between
all sides of the instrument and the carton. Close
and seal the carton with gummed paper tape, or

alternately, tie securely with stout cord. Clearly
print the address on the carton as follows:

TO: Heath Company
Benton Harbor, Mich,

Include your name and return address on the
outside of the carton, Preferably affix one or
more "Fragile" or "Handle With Care" labels
to the carton, or otherwise somarkwitha cray-
on of bright color, Ship by insured parcel post
or prepaid express; note that a carrier cannot
be held responsible for damage in transit if, in
HIS OPINION, the article is inadequately packed
for shipment, Your instrument will be returned
by express collect,

SPECIFICATION CHANGES

All prices are subject to change without notice.
The Heath Company reserves the right to dis-
continue instruments and to change specifica-

;

WARRANTY

Heath Company warrants that for a period of three months from the date of shipment, all Heathkit
parts shall be free of defects in materials and workmanship under normal use and service and
that in fulfiliment of any breach of such warranty, Heath Company shall replace such defective
parts upon the return of the same to its factory. The foregoing warranty shall apply only to the
original buyer, and is and shall be in lieu of all other warranties, whether express or implied
and of all other obligations or liabilities on the part of Heath Company and in no event shall
Heath Company be liable for anyanticipated profits, consequential damages, loss of time or other
losses incurred by the buyer in connection with the purchase, assembly or operation of Heathkits
or components thereof. No replacement shall be made of parts damaged by the buyer in the
course of handling or assembling Heathkit equipment,

NOTE: The foregoing warranty is completely void and we will not replace, repair or service
ingtruments or parts thereof in which acid core solder or paste fluxes have been used.

tions at any time without incurring any obligation
to incorporate new features in instruments pre-
viously sold,

HEATH COMPANY




PARTS LIST

PART PARTS DESCRIPTION
No. Per Kit

Resistors .

1-1 1 47 Q 1/2 watt

1-13 1 2.7TKQ 1/2 watt

1-16 1 4.7 KQ 1/2 watt

1-26 1 100 KR 1/2 watt (for testing)

1-27 1 150 KQ 1/2 watt

1-70 1 22 megohm 1/2 watt
(for testing)

1-74 i 18 megohm 1/2 watt

1-93 1 1.8 KQ 1/2 watt

1-123 1 100 @ 1/2 watt 5%

1-131 1 620 © 1/2 watt 5%

1A-28 1 100 KQ 1 watt

1A-50 1 2 KQ 1 watt 5%

1A-51 1 4.3 KQ 1 watt 5%

1A-52 1 3 KQ 1 watt 5%

1B-10 1 47 K 2 watt

2-50 1 10 KQ precision

2-54 1 200 KQ precision

2-58 1 1 K@ precision

2-75 1 225 KQ precision

2-101 2 500 Q precision

2-140 2 250 Q precision

2-142 1 190 K@ precision

2-143 1 133 K2 precision

2-144 1 2.24 KQ precision

3G-T7 1 360 @ 7 watt

A3J-19 2 2 K@ 10 watt

Controls

E10-57 2 10 KQ linear (tab mount)

B11-34 1 10 KQ linear (screwdriver
adjust)

B11-35 1 7.5 K@ linear

11-36 1 7.5 KQ linear (semi-preci-
sion)

D11-37 1 350 @ 25 watt

Capacitors -

23-8 1 .02 ufd 600 volt

23-15 1 .5 pfd 400 volt

23-53 1 .1 ufd 400 volt

23-59 1 .05 ufd 200 volt

23-T1 1 4 pfd 200 volt

23-82 1 .22 ufd 200 volt 2%

24-4 1) 3-section:

3.6 pufd at 125 volts AC
3.6 pfd at 125 volts AC
7.1 ufd at 125 volts AC

PART PARTS
NO. Per Kit

DESCRIPTION

Capacitors (cont'd. )

C25-16 3 20 ufd 350 volts
C25-20 1 40 pfd 150 volts
C25-28 2 100 pfd 50 volts
C25-44 2 25 ufd 25 volts

Transformers-Choke

46-217 1 Choke
51-52 1 Oscillator transformer
54-94 1 Power transformer
Switches
60-1 1 [ SPST slide
60-3 3 DPDT spring return slide
60-4 4 SPDT slide
R63-217 9 12-position 1-circuit
_ rotary
63-218 1 8-position 6-section
rotary
63-219 1 6-position 4-section rotary
R63-220 1 ' 4-position 1-circuit rotary
F63-221 1 20-position 1-circuit rotary
S63-222 i 4-position 2-section rotary
T63-223 1 2-position 2-section rotary
(spring return)
C62-12 1/ 2-position 5-circuit lever
C62-13 1. 2-position 9-circuit lever

Sheet Metal Parts

100-M242 1 Panel escutcheon
200-M237 1 | Chassis
200-M238 1 Subchassis
203-189F295
1 Panel
204-M190 / 2 Take-up roller bracket
204-M276 . 1 Right hand roll chartbracket
204-M277_ 17 Left hand roll chart bracket
204-M278 1 Right hand subchassis
mounting bracket
204-M279 1 Left hand subchassis
mounting bracket
204-M280 1 | Right hand panel support
_ bracket
204-M281 1) Left hand panel support
bracket
204-M282 1 Panel lamp mounting
bracket
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PART PARTS DESCRIPTION
NO. Per Kit

204-M283 1 Reflector bracket
204-M284 1 Calibration switch mounting
bracket
204-M287 1 Capacitor mounting
bracket
205-M194 1 Meter mounting plate

Cable Harnesses-Wire
89-3 1 Line cord

134-10 1 Plate switch harness
134-11 1 Leakage switch harness
134-12 1 Grid current switch harness
134-13 1 Selector switch to tube
socket harness
134-14 1 Tube socket to tube
socket harness
134-15 Filament switch harness

1
134-16 1 Power transformer harness
341-1 1 Length black test lead
344-1 10 Lengths hookup wire, 1 each:
brown, red, orange, yellow,
green, blue, violet, gray
white and black

346-1 1 Length insulated sleeving
(78 34-43 ) [l e
Terminal Strip
431-2 : 51 2-1lug (#6 mounting hole)
431-14 2/ 2-lug
431-20 6 6-lug
431-32 ‘2 2-lug (#8 mounting hole)
431-33 é 1 3-lug (#8 mounting hole)
B -
i )AS%C et&‘i\ etamlng R1ngg N SeckET
432-4 "1 Line cord socket
(TT1A) 484w——+ —__ Blamic kot —
434-4 1’ Octal socket-
434-6 1 Loctal socket
434-9 1 4-pin socket
434-11 1 5-pin socket
434-12 1 . 6-pin socket
434-13 1 7-pin socket (w/pilot
g light socket)
434-14 1 7-pin miniature socket
434-15 2 T-pin wafer socket
434-17 1 9-pin socket
434-20 1 AC outlet socket
434-21 2 Pilot light socket
G434-51 1 8-pin round subminiature
socket
434-M81 1 7-pin subminiature socket
435-1 8 Socket ring (1 spare)
435-2 2 7-pin miniature socket

ing (1 ) -
Bage 18 ring (1 spare (7’}"@ q\ )o‘* |

PART PARTS
NO. Per Kit

DESCRIPTION

435-3 1 Large socket ring

435-4 2 8-pin round subminiature
socket ring (1 spare)

435-8 2 7-pin subminiature socket
ring (1 spare)

Hardware J

250-2 4 3-48 x 5/16" RHMS

250-15 5 8-32 x 1/8" setscrew

250-18 8 8-32 x 3/8" RHMS

250-26 8 6-32 x 5/8" BHMS

250-29 6 6-32 x 3/4" RHMS

250-43 2 8-32 x 1/4" setscrew

250-89 70 6-32 x 3/8" BHMS

252-1 4 3-48 nut

252-3 44 6-32 nut

252-4 6 8-32 nut

252-17 19 Control nut

252-22 20 6-32 speednut

253-10 19 Control flat washer

253-21 6 Large #6 flat washer

253-36 4 1/4" dished spring washer

254-1 48 #6 lockwasher

254-2 12 #8 lockwasher

254-5 19 Control lockwasher

254-7 4 #3 lockwasher

255-13 4 1/4" spacer

255-37 4 3/4" spacer, tapped 8-32

258-4 2 Spring

259-1 2 #6 solder lug

Miscellaneous

57-23 5 Silicon diode rectifier

73-2 10 3/4" rubber grommet

73-3 11 1/2" rubber grommet

73-19 1 Length rubber gasket

A84-17 1 9-section P.E.C.

AB4-18 1 T-section P.E.C.

H=50—1 ——Cahinet——m

100-210 1 Take-up roller

100-243 1 Drive roller

260-3 2 Tube cap clip

390-88 1 Adhesive label

391-7 1) Nameplate

407-66 1 Meter

411-11 1 6AUS6 tube (for testmg)

411-40 1 6ALS5 tube (for testing)

411-52 1 12AV6 tube

411-137 1 3A4 tube

412-1 2 #417 pilot light

421-3 1 3AG2 ampere fuse

A423-4 1 Fuse holder

445-6 1 Roll chart

Cadrmak




PART PARTS DESCRIPTION

NO. Per Kit
451-17 2 Roll chart gear
453-48 1 Idler gear shaft
455-15 o 1/4" retaining collar
462-7 3 Lever switch knob (1 spare)
462-67 19 Pointer knob (1 spare).-
462-72 2 Thumb wheel knob
331-6 Solder
595-292 1 Construction manual
595-330 1 Operational manual
597-10 1 Supplement test sheet

204 -m281

TR

Q

204-M280 @

204-M28
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172 WATT
RESISTOR

2 WATT
RESISTOR

"60-I|
SPST SLIDE
SWITCH

#204-MI90
TAKEUP

*431-20
8-LUG
TERMINAL STRIP

| WATT
RESISTOR

7O0R IO WATT
RESISTOR

*80-3 *60-4

DPDT SPRING SPDT
RETURN SLIDE SWITCH

SLIDE SWITCH

%31-2 %421-32 sa3i-14
2-LUG 2-LUG
TERMINAL STRIP TERMINAL STRIP

ROLLER BRKT.

843]-33 "ﬁﬁ-;
CORD SOCKET

#434-4
OCTAL SOCKET SOCGKET

*434-13
7-PIN COMB.
SOCKET

*434-17
9-PIN SOCKET

*G434-5|

8 PIN SUB-
MINIATURE TUBE

SOCKET

#435-2
7-PIN MINIATURE
SOCKET RING
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o TRANSFORMER VOLTAGE CHART

o TOE e O i | All voltages measured with SET LINE control adjusted to give voltmeter reading of 100 volts
@ [ between terminals 10 and 14.
il B\ Measurements taken with 5000 ohms per volt (AC) VOM.
P Voltage measurements should correspond within +10% of listed values.
o ivn 2w | TERMINALS VOLTAGE TERMINALS VOLTAGE
\F—amnsmt 1-2 3 21-8 2.0
GRID
CURRENT
[ 1-30 3.3 21-9 1.5
===
WA : 10-11 196 21-22 .65
2o g0 L |
2 L] .5
! Tear 10-12 177 21-23 1.1
LEARAGE
10-13 111 21-24 3.3
10-14 100 21-25 5.0
| AT 10-15 75 21-26 47
E : TUNE TESTY
190K | ®
YW 1% £ __‘F_,
i 10-16 67.5 21-27 70
DISCONMNECT :
P ' 10-17 50 21-28 115
IE:S i %u! ! 3 S
5 .;——1‘ r £ 10-18 45 21-29 120
JELECTOR SwitcHEs 2;1“{‘.:'0; :':"m(! 10-20 20 21-32 20
Rited Srcnes 21-3 35 21-33 27.5
21-4 10.0 35-34 14
Eé!ﬁ(;lﬂlgRE@)WIcl.‘lmn)Ef @@() ?C:;N III)PNAE\J)R( %ﬂ $ﬂ!'@@?l mkwm.:‘u. o | 2 1 5 7 5 3 5 -36 100
- — bl __.;ulln:'.:z p——g 3 J_ =
TTTITTITTT“ITTITTT 21-6 6.3 35-37 130
CHASSIS LCRWND
, va A izave - 2.5 38-39 16
E‘t_?m —@—/\—@—nm sMe 21-1
o= [T e 38-40 17.8
EETITEE © 0o TesTEn
Tr-1
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OSCILLATOR TUBE VOLTAGE MEASUREMENTS
(With Gm Switch in TEST Position)

Measurements taken with VIVM (11 megohms DC, 1 megohm AC).

Negative Voltmeter Lead Positive Voltmeter Lead Voltage

Pin 1 of 3A4 (V1) Pin 2 of 3A4 (V1) +30 Vv DC
Pin 1 of 3A4 (V1) A6 (on subchassis) +70 V DC
Pin 1 of 3A4 (V1) Pin 4 of 3A4 (V1) -15 v DC
Pin 1 of 3A4 (V1) R1 (under chassis) -15 Vv DC
Pin 1 of 3A4 (V1) Pin 7 of 3A4 (V1) 2.8V AC

METER CONTROL TUBE VOLTAGE MEASUREMENTS
(With GRID CURRENT Switch in TEST Position)

Negative Voltmeter Lead

Positive Voltmeter Lead

Voltage

Pin 2 of 12AV6 (V2)

Pin T of 12AV6 (V2)

+160 V DC

Pin 2 of 12AV6 (V2)

R2 (under chassis)

+160 V. DC

Pin 2 of 12AV6 (V2)

M1 (under chassis)

-5V DC

Pin 2 of 12AV6 (V2)

Pin 4 of 12AV6 (V2)

12 Vv AC
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TYPICAL COMPONENT TYPES

This chart is a guide to commonly used types of elec- tions should prove helpful in identifying most parts and
tronic components, The symbols and related illustra- reading the schematic diagrams,
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