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Figure 6 - Test Circuits for Amplifying Tubes
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Figure 8 - Basic Types of Diode Test Circuits
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Figure 10 - Shorts and Cathode-to- Filament Leakage Test Circuit
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Figure 11 - Shorts and Cathode-to-Filament Leakage Test Circuit
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5.17 Leakage Test. This test is made by placing a microammeter in series with the heater
and cathode, see figure 10. A system of shunts is available so that the reject point can be set
up individually for the various types of tubes. The tester meter scale has definite reject point
but actual current maybe as low as 10 microamperes or as high as 150 microamperes depending
on the type of tube. By using this system nearly any handbook coundition can be duplicated, The
amount of leakage tolerable is of course dependent on the application. As an example, a tube
used in a cathode follower circuit with high cathode resistance may have to be rejected with as
little as 10 microamperes of cathode to filament leakage. On the other hand a direct cathode to
filament short in a tube used in a grounded cathode circuit may be insufficient cause for rejec-
tion,

5.18 Gas Test. Button 3 is used to test the tube for grid current due to gas. Pressing
button 3 also actuates the button 2 through an interlock which operates the tube under normal
bias and plate current conditions. If gas ions are present in the vacuum they will migrate to
the negative grid and cause a current to flow which is read on the number 3 scale of the meter.
The allowable grid current, due to gas, ranges from .5 to 3 microamps depending on the tube
type. Of course, tubes having no grids cannot be tested for gas in this manner. In all of the
tube tests a zero bias grid voltage is avoided because it would cause the meter to deflect to the
left or opposite to that of gas current due to contact potential.

If the meter deflection is beyond the green sector of the meter under #3 test, the amplifier tube
has a grid current in excess of 3 microamperes and it is definitely of no useful service, This
reject point is based upon manufacturers' specifications for a large number of tubes, However,
in circuits where there is a high grid impedance present even a 1/2 microampere grid current
is r.mwBEHm therefore any up scale deflection under #3 test should be regarded with question for
a given tube,

NEON LAMPS
PENTODE SHORT , FULL WAVE RECTIFIER  |MAXIMUM
OR LEAKAGE OR DUAL DIODE AND  |SENSITIVITY
PATH DUAL TRIODE SHORT |REGION
OR LEAKAGE PATH *
P SC SU G K (MEGOHMS)

CATH-GRID X[ X|X|X CATH-GRID-SECT.| -2
CATH - SUPR. XX | X CATH, SECT.i-GRID,SECT.2 | 5-10
CATH - SCRN. X | X CATH, SECT.|-PLT,SECT.2 | 15-30
CATH -PLT. X CATH-PLT., SECT. | 30-60
GRID -SUPR. XXX X GRID, SECT.1-GRID, SECT.2| I1-2
GRID - SCRN. X1 X X || GRID,SECT.I-PLT.SECT2 | 5-10
GRID - PLT. X X || GRID-PLT, SECT. | 15-30
SUPR - SCRN. X | X X | X ||GRID-PLT, SECT.2 -2
SUPR - PLT. X X | X || rL1,secT.I-6RID, SECT.2 | 5-10
SCRN-PLT, X X | X | X ||pLT,sECT.A-PLT.SECT.2 | 1-2

*CHART SHOWS INDICATIONS WITH BUTTON NO.4 NOT PRESSED.

WHEN BUTTON NO.4 1S PRESSED, SECTION | BECOMES SECTION 2

AND SECTION 2 BECOMES SECTION I. (SEE FIG.11)

THE (X) MARK INDICATES A GLOWING LAMP.

Figure 12 - Interelement Shorts Identification
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5. 26 The unregulated B+ is obtained from the cathode of the 5U4GB through a simple fil-
ter. It provides approximately 350 volts which varies with line and load. It is used in tests
where the voltage is immaterial but a high current is desired. An example of this would be
in a high emission "knee" test of a pulse power pentode.

5.27 The tester has a low current regulated supply of approximately plus 150 volts which
has four uses as follows: a positive reference grid supply, a voltage for operating the reed-
relay, K104, for the meter contacts, a part of the supply for the shorts test, and a part of the
supply for the heater to cathode leakage test. It is derived from the 6203 through the 6AUS
triode connected as a shunt regulator. A feedback system of neon lamps establishes the +150
volts. The positive reference is taken off a resistive network from O volts to +150 volts. This
supply can be used as a reference voltage for the grid of a tube under test. It allows the use
of larger self bias resistance while the equivalent tube is still negative.

5.28 The minus 150 volt supply is stabilized and is the basic reference voltage for all
other regulator supplies. It forms the negative potential for the shorts test and heater to
cathode leakage test circuits and is used as the bias supply. It also supplies the voltage for
the hold coil on reedrelay, K104, in the protective circuit. It is derived from 275 volts each
side of the center tap and through rectiviers CR10! and CR102. The OA2WA shunt regulator
coutrols the minus supply and is the voltage reference for all regulated supplies.

5. 29 The fixed bias supply, for tubes under test, is obtained directly across the OA2WA
tube. It has a range of 0.1 volt to 100V in approximately 0. 1 volt steps by using a decade re-
sistor system which is shown on Schematic Sheet 2.

5.30 The bias off supply is similar to the fixed bias supply. It is used to hold off a sec-
tion of a tube while another section is being tested. An example of its use would be for testing
a dual pentode with common screen and common cathode.

5.31 The power supply furnishes a grid signal of 0. 222 volts from the 10 volt winding of
the transformer and an ac bridge type regulating circuit;

5.32 Other voltages from the power supply are:

(@) 250 volts ac used mainly for rectifier tests
(b) 10 volts for driving the transconductance bridge
(c) Filament supplies for tubes within the power supply

5.33 The secondary of the transformer which supplies voltages to the filaments of tubes
under test is shown on Schematic Sheet 2. These voltages maybe varied from 0.1 volt to 119.9
volts in 0.1volt steps. Sheet 2 also shows a full wave bridge rectifier which supplies up to 1.0
ampere of dc for filamentary type tubes. This DC filament supply is fused and does not depend
ou the protective relay circuit for protectio:,

S5.34 Referringto Schematic Sheet #2 it may be seen that it is largely composed of single
pole single throw switches and resistors. These switches arelabelled according to their posi-
tions in the card switch. By closing various combinations of these switches, the program card
automatically selects the circuits to be used on the tube under test.

5.35 The group of switches and resistors (R215, R229 and R231) along the bottom of the
sheet form a decade resistance network. This network is used for applying the proper fixed bias
to the tube under test up to 100 volts in 0.1 volt steps by closing various switches to short out
unwanted resistors. This decade system has many uses other than negative grid bias. By re-
ferring to the circuit theory section it may be seen that it is used as cathode resistance in self ..
bias tests; it is applied to both control grids in heptodes and is often used as voltage dropping
resistance in other tests.

5.36 Referringagainto schematic sheet 2 there is another group of switches and resistors
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C. Amplifier Tube Test Circuit Programming

5.42 With thehelp of a tube manual as published by tube manufacturers the following in-
structions will enable establishment of a desired test circuit for an amplifier tube. Wiring dia-
grams, Sheet 2 of 4, Sheet 3 of 4 and Sheet 4 of 4 at the back of this book should be studied be-
fore any circuits are begun.

5.43 Test Socket Pin Connections. The pins of the various test sockets are wired in par-
allel according to the standard EIA designation. See Wiring Diagram Sheet 4 of 4. It will be
noticed that the top cap connector is identified as pin 10. The following table may be used to
connect the supply voltages to the desired tube socket pins. Note also that the letter "I" is
omitted,

Socket Pin Cardmatic Switch
Number Column Letter
1 A
2 B
3 C
4 D
5 E
6 F
7 G
8 H
9 J
CAP K

S5.44 The Cardmatic switch rows 1 and 2 are the filament (or heater) supply lines. Row 1
is the filament plus (+) supply and Row 2 is the filament minus (-) supply. One letter of each
of these rows must be chosen to conunect the desired pins to the filament voltage. If a heater is
desired to be connected in parallel then two letters of one of these rows must be used with one
of the other row. Never close the same switch letters on Rows 1 and 2 as the filament voltage
source will be shorted; that is, never close A-1, A-2; B-1, B-2; C-1, C-2, etc. Some common
heater pins are: 2and 7 - close B-1 and G-2; 3 and 4 - close C-1 and D-2, 4 and 5 - close D-1
and E-2. An example of a 12AU7 heater in parallel would be: close D-1, E-1 and J-2 or J-1,
D-2 and E-2.

5.45 The cardmatic switch row 3 is the control grid line. A negative or a positive bias
voltage may be applied to this line with or without the 0. 222 volt signal. An example of con-
necting test socket pin 4 to this line would be to close D-3.

5.46 The Cardmatjc switch row 4 is the cathode line. The line may be counected to the
0" volts floating ground; it may be by-passed with a 1000 microfarad capacitor to the "0" volts
line; it may be connected to the Suppressor line; it may be connected to the decade resistors
which act as a load, a grid bias divider, or a self bias resistor; and it may be by-passed by a
4 microfarad capacitor to the opposite end of the decade resistors. An example of connecting
test socket pin 8 to this line would be to close H-4.

5.47 The Cardmatic switch row 5 is the screen line. This line may be connected to the
regulated B+ source, to the "bottom"” of the Gm bridge, to the "top" of the Gm bridge, to one
end of a 500 volt AC center-tapped transformer winding or to aun auxiliary B+ (0 to 300 VDC
knob controlled) supply. An example of connecting test socket pin 6 to this line would be to
close F-5.

S.48 The Cardmatic switch row 6 is the suppressor line and four possible connections may
provide different voltages to it. By closing L-16 the suppressor is tied directly to the cathode,
by closing K-16 the suppressor is returned to the "0" volts or floating ground reference point,

by closing J-16 the suppressor is connected to a high negative bias (approximately 50 VDC when
C-16 is also closed) which is useful in twin tetrode tests, and by closing H-16 the same bias
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voltage drop across the silicon full-wave bridge rectifier is proportional to the load current
and since this drop is an appreciable percentage of the desired output voltage it becomes simpler
to meter the DC voltage across the filament pins of a tube while adjusting the AC winding taps.
The silicon diodes are rated at 0. 5 ampere and the circuit is fused for 1 ampere. To properly
tie in the filament to the cathode line the same column lettered switch in row 4 should be closed
as is closed in row 2. This will short the 50 ohms that is used at other times in reaching the
electrical center of AC heated tubes. This short will also appear as a heater-cathode short on
the meter scale and therefore switch G-17 must be closed to eliminate the DC heater-cathode
leakage test voltage.

5.33 Heater- Cathode Leakage Meter Sensitivities. Whenever G-17 is open, Cardmatic
switch rows 1 and 2 are used for a heater and row 4 is used for a cathode, a heater-cathode
leakage test is being applied which consists of 100 VDC in series with a microammeter.

At rejection (10% of full scale) the following meter values are obtained:

A-14, B-14, C-14 each open 10 microamperes
- A-14 only closed 20 microamperes
B-14 only closed 50 microamperes
A-14, B-14 each closed 70 microamperes
C-14 ouly closed 100 microamperes
B-14, C-14 each closed 150 microamperes

5.54 Regulated B+ Supply. Refer to paragraph 5.36 to set the regulated B+ supply from 10
volts to 260 volts at any 10 volt level. The minimum allowable output current of this supply de-
pends upon three conditions: (1) maximum plate dissipation of the passing tube, (2) character-
istics of the passing tube under low line voltage and (3) maximum available voltage in the tes-
ter. Refer to the following tabulation for maximum allowable currents:

Regulated B+ Maximum Regulated B+ Maximum
Supply Volts Current (MA) Supply Volts Current (MA)
10 69 140 140
20 72 150 140
30 75 160 129
40 76 170 120
50 80 180 110
60 82 190 102
70 86 200 : 94
80 90 210 85
90 95 220 77
100 '100 230 68
110 110 240 60
120 119 250 50
130 129 260 42

These regulated B+ voltages are available to be used on the screen (row 5) and/or plate
(row 7) for plate current or mutual conductance tests. To connect the regulated B+ to the
screen line (row 5) close J-15. To counect the B+ to one end of the Gm bridge close J-15 and

H-15 and to complete the Gm bridge circuit to the plate (row 7) close K-17, A-13,"B-13"and
H-13,

5.55 Micromhos Full Scale Meter Sensitivities. Switches L-7, L-12, C-12, D-12, E-12,
F-12, G-12, H-12, J-12, and K-12 determine the full scale micromho value of the meter. Since
there are over 500 ranges of micromhos only some of the more useful values are tabulated in
the following:
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Gm = 500 + 100 x 51 = 500 + 5100 = 5600
Reversing the order, for a full scale of 5600:
Choice No. = (5600 - 500) 100 = 5100 100 = 51
Observing this series it will be noted that:
. Full scale Gm values begin at 500.
Full scale Gm values progress in 100 micromho steps.

There are 256 full scale values of Gm available.
The maximum full scale Gm value is 26, 000.
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An alternate system for determining the meter shunt resistors for desired full scale values
of micromhos may be employed.

With no meter shunt and with L.-12 closed the full scale value is 500.

Each meter shunt resistor then adds the following to the initial 500 micromhos.

Added Full Scale Meter Shunt Switch Closed

Micromhos Resistor with L.-12
100 A (12809) C-12
200 B (6409) D-12
400 C (3209 E-12
800 D (1609) F-12
1600 E (80Q) G-12
3200 F (409) H-12
6400 G (209) J-12
12,800 H (109) K-12

The meter shunt resistors can be determined by subtracting 500 from the desired full scale
value and from this remainder by subtracting the highest possible added full scale values,

For example, 9300 micromhos full scale is desired. Subtract 500 which leaves 8800. From
the table, 6400 (Resistor "G" - 209) is subtracted next which leaves 2400. Subtract 1600 (Re-
sistor "E" - 808) which leaves 800 (Resistor "D" - 1608). Therefore, resistors D, E, G will
provide a 9300 micromho full scale range.

5.56 Extended Ranges of Full Scale Meter Micromhos. With switch L-12 closed and with
all the meter shunt resistors used, the maximum full scale value is 26,000 micromhos. By
leaving 1.-12 open and by closing L-7 the basic metering is extended and by repeating the same
shunts across the extended meter a new set of micromho ranges is obtained, Although this set
of ranges also begins at 500 micromhos its usefulness begins at 26, 000 micromhos and it is
recommended that full scale values from 26, 000 to 128, 000 micromhos only be used. For 500
to 26,000 micromhos the extended Gm ranges may inherently introduce plate circuit resistances
which will result in readings deviating appreciably from the theoretical,

With switch L~7 closed, use the "Choice No, " system with the same meter shunt identifica~
tion with the following:

Gm = 500 (1 + Choice No, ) and
Choice No. = Gm -+ 500 less 1
Examples:

Choice No. 84 represeuts shunt resistors C, E and G (switches E- 12, G-12 and J-12).
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