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Converter Tube Design Features

Service problems related to converter tubes may often be clarified
through knowledge of the tube design of the particular type in
question. Numerous converter tube types have been employed in
superheterodyne receivers. Five principal designs are in general use
and these will be briefly described as to their constructional features
and the functions associated with the various grid structures.
Several typical performance curves are also discussed.

TRIODE-HEPTODE CONVERTERS

Types 7J7, 757, 14J7, 1457, 6J8G

The superheterodyne receiver requires a converter tube whose
function is to mix or beat (heterodyne) the incoming signal frequency
with a locally generated frequency to obtain an intermediate fre-
quency. If the output from a conventional triode oscillator is
suitably coupled to a tuned r-f voltage amplifier, the pentode plate
circuit will contain four frequencies: the signal frequency, the
oscillator frequency, and tlre sum and the differcnce frequencies of
these two. The latter arc obtained by beating the first two fre-
quencies mentioned. Since more gain is secured at lower frequencies
in the i-f amplifier stages, the difference frequency (called the i-f
frequency) is the one desired. This can be obtained when the tuned
circuits in the pentode plate are designed to resonate at the i-f fre-
quency, in which case they will reject the other three frequencies.

Such a circuit can be simnplificd considerably by combining the
triode oscillator with the mixer tube in one bulb. Furthermore,
improved efficiency and stability can be securcd by adding an
injector grid in the mixer section which is connected directly to the
grid of the oscillator section, thereby permitting both the mixer
control grid and the injector grid to control the electron stream. This
provides true electron coupling. An illustration of such a tube is the
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employed with triode-heptode tubes, in which case the oscillator cir-
cuit resembles that shown for the pentagrid converter described
on page 8.

THE PENTAGRID CONVERTER
Types 1LA6, 1A7GT/G, 7A8, 7B8, 6A8G, and others

Pentagrid Converter is the name applied to a tube having five
grids in addition to the cathode and plate and intended for frequency
conversion in superheterodyne radio receivers. Such tubes combine
the functions of oscillator, mixer and amplifier within one structure.
The No. 1 and No. 2 grids are used as the oscillator grid and oscillator
plate respectively. Electrons passing through grids No. 1 and No. €
are further controlfed by the signal input grid No. 4. This grid is
shiclded from the oscillator seetion hy grid No. 8 and from inter-
action with the plate by grid No. 5. Screen grids No. 3 and No. 5 are
connected together internally. The circuit on the next page il-
lustrates the use of the pentagrid converter, such as Type 7BS.
Voltages of signal and oscillator frequency reaching the plate are
bypassed to ground, since the tuned circuit in the plate is resonant
only to the beat or intermediate frequency (I.I.) which is to be
further amplified.

The pentagrid couverter may he considered as operating very
much like a conventional variable-mu tetrode first detector with an
associated triode oscillator, except that the oscillator triode grid is
located mnext to the cathode which is common to both the first
detector variable-mu tetrode and the oscillator triode. FElectrons
emitted from the cathode surface are influenced by the various grid
and plate voltages and divide up so that grid No. 1 rcceives about
$ to 6 per cent of the electrons, the oscillator anode receives about
40 per cent of theelectrons, grids 3 and 5 (screen grid) receive about 25
to 80 per cent of the electrons, and the plate receives the remaining
electrons emitted. Because of the oscillator grid's strategic position
next to the cathode, any oscillator voltage on this grid will modulate
the entire electron stream regardless of the ultimate destinstion of
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the electrons. Referring to the diagram, it is interesting to observe
the action that takes place within the tube when it and the associated
circuit components are operating normally.  When the set is first
turned on, the No. 1 grid is at zero potential because it is tied to the
cathode by the 50,000 ohm grid leak. As the cathode heats up and
starts to emit clectrons, the feedback between oscillator anode and
grid causes regencration which immediately starts the triode cirenit
to oscillating. When the oscillator circuit is oscillating. the No. 1
grid is driven alternately positive and negative. While the grid is
positive, grid current flows through the grid leak in such a direction
ae to make the No. 1 grid negative with respect to the cathode. This

conticn u...)é'E-}':" "
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grid swing may make the grid negative by as nuch as 30 to 40 volts,
and this heecomes the grid bias point about which the grid varies in
amplitude alternately in a positive and then a negative direction
under the influence of plate circuit feedback. TFrom this it can be
seen that the maximum instantaneous negative voltage on the No. 1
grid may be 60 to 80 volts.

Electrons from the cathode are accelerated through the No. 1 grid
by the positive oscillator plate and the positive sereen grid. The
oscillator plate actually consists of a pair of side rods but no grid
wires arc strung on these rods. Many of the electrons approaching
the oscillator plate possess high veloeities so that they shoot past the
oscillator plate and for the most part through the screen grid No. 3
and approach grid No. 4. The No. 4 grid has a negative potential
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which therefore retards the oncoming electron stream. This cloud of
retarded electrons between grids No. 3 and No. 4 constitute a virtual
cathode for the tetrode section of the tube. Flectrons may be drawn
away from this source (virtual eathode) in a manner quite analogous
to that by whieh they were originally accelerated away from the
regular cathode,

If grid No. 1 is only slightly negative or even somewhat positive,
then the virtual cathode has an ample electrois supply for the tetrode
section of the tube. Whenever grid No. 1 swings to more negative
values, the number of electrons arriving at the tetrode plate is
temporarily reducel or possibly cut off. Pulses of current zre there-
fore supplicd to the tetrode section at oscillator frequency and the
electron stream to the tetrode plate is modulated by the 7-f signal
voltage on the No. 4 grid. Thus, the oscillator can mod:late the
signal in the tetrode section and produce the i-f heat noic in the
plate circuit of the tetrode section.

Tle current necessary to have sustained oscillations is controlled
by the oscillator grid and not by the signal grid, the latter being
incapable of producing cutoff in the oscillator section. The gain of
the tube can be controlled over a considerable range by a variable
negative bias on grid No. 4 withont substantially affecting the
oscillator section.

THE PENTAGRID MIXER
Types 6Ly and 6L7G

Type 6L7G pentagrid mixer is used with a separate oscillator tube.
Type 6L7G has the No 1 grid as the signal grid, grids No. 2and No. 4
connected internally as screen grids, grid No. 3 as the oscillator
injector grid and the No. 5 grid as the suppressor (connccted intern-
ally to cathode). Thus, Type 6L7G is quitc similar to the mixer
section of Type 7J7.

THE TRIODE-HEXODE
Types 6K8, 6K8G and 6K8GT

Such converters have a rather unconventional structure. The

9
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oscillator plate is so located that it is completely removed from the
cathode to mixer plate electron stream. The oscillator plate and
mixer plate are on opposite sides of the cathode. Grid No. 1 com-
pletely surrounds the cathode so that the side towards the oscillator
plate acts as the oscillator grid, while the other side is associated with
the mixer and modulates the eathode to mixer plate electron stream
at oscillator frequency. With this construction a single grid suffices
to screen the oscillator grid from the signal grid as well as to screen
the signal grid from the mixer plate. The signal control grid is made
in the form of a flat wound grid with one-half of the windings (those
facing the oscillutor plate) removed. Specially designed metal shields
suitably connected to the cathode prevent stray electrons from
producing undesirable couplings and also serve to isolate the oscilla-
tor and mixer sections.  In addition, they cause a potential minimum
to exist between the screen and plate. Sufficiently high plate
resistance is obtained so that a suppressor grid is not required.

THE PENTAGRID CONVERTER 6SA7 TYPE
Types 6SA7, 6SA7GT/G, 7Q7, 128A7GT/G, 14Q7

This construetion, as exemplified by Types 65A7, 6SATGT/G and
7Q7, is somewhat like 6L7G except that the functions of grids No. 1
and No. 3 are interchanged. Grid No. 1 is the oscillator grid and grid
No. 8 is the signal grid, the latter having a remote cutoff character-
istic. The side rods for grid No. 8 arc located 90° from the plane of
the other side rod supports and are therefore directly in the center
of the clectrou stream. The negative voltage on the signal grid
repels some of the electrons traveling to the plale back towards the
cathode. However, these electrons will not affect the space elarge
near the cathode since most of the electrans turned hack are inter-
ceptedd by collector plates fustened to the side rods of the No. 2
screen grid. Hence, the collector plates of the screen provide
isolation of the cathode space charge and the signal grid so that
changes in signal grid voltage produce little change in the cathode
current. Any changes in plate current due to signal grid voltage

10
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clanges are offset by oppoesite and nearly equivalent ehanges in
screen current. Scrcen grids No. 2 and No. 4 are connected in-
ternally. Grid No. 5 is the suppressor and serves to increase the
plate resistance of the converter.

DEFINITIONS

Conversion Conductance (g¢) is defined as the ratio of the inter-
niediate frequeney component of the plate or cutput current of the
converter tube in a superheterodyne receiver to the radio frequency
compouent of the signal voltage applied to the control grid.  The
value is expressed in micromhos.  With reference to the performance
of a frequency converter, it is cemployed in the same manner as
mutual conductaner is used in single frequency amplifier compu-
tations.

Conversion Gain is the ratio of the intermediate frequency voltage
developed across [he load to the radio frequeuney voltage applied to
the control grid.  When tube and circuit constants are known the
conversion gain may Le computed from the formula:

gcrp R
rp+ RL

Where g is Lhe conversion conductance, ry, the plate resistance and

Conversion Gain =

Ry, the resonant impedance of the i-f transformer measured across
the primary terminals.

!.,‘Sc\'eml curves may prove helpful in illustrating performance
characteristics of eonverters. Fig. A shows low the conversion
conductance for a typical triode-heptode converter varies with the
negative control grid (heptode) voltage. The recommendec control
grid voltage would be approximately —3 volts, under which con-
ditions the tube has a conversion conductance of ahout 300 microm-
hos. The curve also indicates the cutoff characteristie, since the
conversion conductance is reduced to only a few micromhos when
the control grid voltage reaches —16 volts.

11

World Radio Histo



T ——

——— — ———— — —

W Q Q Q k=] Q
bl o~ - i b=3
~ L) Pae o~ o~ ~

SOHWOUDIW NI IDNVIDNANOD NOISHIANOD

4

NEGATIVE CONTROL GRID VOLTS

Fig. A

12

World Radio Histo



T v > > v T
CON\E.RSION CONDUCTANCE VS OSCHLATOR GRID CURRENT
1 1 I l
I | | | I
8 |
2 | ! |
b3 T T g ——— 1
2T T T T
|
4 | | | J |
z I T T T 1
z '/ |
i ! |
¢ T 7 i f
z
2 .
x N !
Lg) f T T S _‘—_f — S N S
z [ l
& oof—— 'S SR N N N S (- -
|
z J | | I
o | / | ] OSCIL.ATOR GRID LEAK BESISTOR = 50000 ORMS
v + = ﬁ—
& [ I I |
> | |
g 0 | | | | I h ! . L
o | le\ ! 200 ! 300 i 40¢ T 500 1 600
| | | OSCILLATOR GRID CURRENT IN MICROAMPERES | |
Fig. B

For optimum receiver performance too much emphasis eannot be
placed on the curve of Fig. B. This gives the variation in conversion
conductance for oscillator grid currcent thru a specified grid leak
resistance. It shows liow important it is to keep the minimum
oscillator strength above the “knee” of the curve. Attention is
called to the fact that beyoend the knee of the curve the uniformity is
exccllent over a wide range of oscillator vcltage. The developed
oscillator voltage is given by the product of the oscillator grid eurrent
and the grid leak resistance.  For example, 200 microamperes through
50,000 ohms gives a developed osctllator voltage of 10 volts.

Since converter tubes of different constractions, such as those
already discussed, have different ratings and electrical characteristics
it is natural that performance characteristics also differ from type to
type. Although conversion gain is a function of conversion con-
ductance, the gain also depends upon the load impedance (RL) of the

13

World Radio Histo



converter section. For example, a pentagrid converter may have a
higher rated conversion conductance than a triode-heptode converter,
but if due consideration is given to the load impedance the conversion
gain of the triode-heptode will not be reduced in the ratio of the
respective conversion conductances of the types involved. Consider-
ing that the rated oscillator voltage is obtained from cach type,
Iig. C shiows gain curves calculated for both types using the gain
formula specified.  Verifieation of the performance characteristics
mentioned above is indicated by these curves.
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Three Reasons for Blue Glow

Many inquiries are received relative to the blue glow which is
present in a number of Sylvania Tulies. Most of these are based on
the miisunderstanding of the different types of glow that may be
present in a tube. There are three different types of blue haze that
may appear while tubes are in operation.  They are classed as:
Fluorescent glow: Mercnry Vapor llaze; Gas.

The fluoreseent glow is usually of violet color, and is noticeable
around the inside surface of the glass bulb. This glow is a phenome-
non caused by electronic bombardment taking place within the tube.
This glow changes with the intensity of the signal and may at times
become quite brilliant.  Fluorescent glow has absolutely no affect
on the operation of a receiver. In fact, tubes with this characteristic
arce particularly good as regards gas content.

Mercury vapor haze is a blue glow which is noticeable between the
plate and filament in Types 82 and 83 rectifier tubes.  These are the
only types of Sylvania reeciving tubes in whieh this type of haze
appears. The perfect operation of Types 82 and 83 is dependent
upon a mercury vapor whieh comes from free mercury that has been
placed in the bulb during the exhaust period. Therefore this type
of blue haze is in no way detrimental to the operation of these tubes.

Gas is a blue haze which is usually confined to tlie vicinity of the
plate and filament structure. Its presence, when of large content,
affects the operation of a receiver to the extent that erratic per-
formance is noticeable. Gassy tubes should always be replaced
with new tubes.

Testing for the above conditions can be best accomplished by
actual operation in a receiver. It is not necessary to test for the blue

15
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glow evident in Types 82 and 83, since this is characteristie of these
two tubes.

When in doubt as to the blue content of other types of tubes a
sure test can be made by using a strong magnet next to the bulb. A
gassy tube will not be affected in any way by the presence of the
magnet, while the fluoreseent glow, which has no affect on the
performance of the tube, will shift about as the magnetic field is
shifted.

16
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Tuning Indicators

Type 6E5 vs Type 6G5

The Type 6E5 tube hecame quite popular as a visual tuning
indicator. After the novelty of this type of tube wore of, it was
found that the tube had some disadvantages over the regular tuning
meter which had previously been employed, to indicate the visual
tuning. These disadvantages mainly were that either the indication
of weak signals was unsatisfactory or that on strong signals the
shadow closed entirely.

This tube consists of a triode and a target and a deflect’ng plate.
The triode is intended to function as a d-c amplifier.  The electron
ray section of the tube consists of a portion of the heated cathode asa
source of electrons which are attracted toa target that hasa positive
potential on it. The shaded or unlighted sector which is nsed as the
indicating means is produced by the shadow of a control elcetrode
or deflecting plate attached to the plate of the triode.

By referring to the sehematie dingram shown in Figure 1 we will get
a better picture of the action taking place when Type G125 is msed in
cireuit applications. We will assume Ec is variable by means of
control A, If 250 volts is applied to the target, eleetrons will be
attracted to it and will eause it to glow. The deflecting plate is
connected to the triode plate as is indieated in the diagram. These
two elements are connccted to the target through a 1 megohm
resistor. If we now apply zero bias to the triade, the maximum plate
current will flow to the triode plate. The current flows through the
1 megohm resistor, produeing a voltage drop between the target and
the defleeting plate.

Since the plate is negative with respeet to the target, it will reduce
the number of electrons reaching the target. Because of the shape
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and location of the deflecting plate a shadow will be east around the
target. The shadow angle will he about 100 degrees. If the hias is
increased slightly to approximately 2 volts, the plate current will
deerease somewhat, decreasing the voltage difference between the
target and the deflecting plate resulting in the shadow angle closing
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in since not as many electrons are repelled as before.  After 2 volts
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reduce the indication for weak signals, since if we develop 2 volts of
a-v-c, instead of applying it to the triode, we will use only the same
fraction of voltage employed on strong signals, with the result that
the indication is greatly reduced. It can readily be seen that this
type of performance is not wholly satisfactory.

The Sylvania Type 6G35 tube was introduced to correct the diffi-
culties mentioned above. The triode grid has been changed some-
what so thal the plate current cut-off occurs around —22 volts
instead of —8 volls asin Type 6E5. Figure 3 shows two curves on the
Type 6G35 correspending to those shown in Figure 2 for Type 6ES.
It will be noted frem the curves that it will be possible to use all of
the developed a-v-c voltage with this tube with the result that the
indications of weak signals are as large as possiblc while the strongest
signals will not quite close the shadow.

Type 6G5 can be used toreplace Type 6E5 in nearly all applications
where difficulty is experienced due to the closing of the shadow.
Usually no circuit changes will be required. Where the difficulty
does not exist due to the closing of the shadow, increased weak
signal indications can he obtained, if only a portion of the a-v-c
voltage is now being used, by applying the total a-v-c¢ veltage and
substituting a Sylvania Type 6G5.
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Tube Mysteries Explained

In the open forums held after Sylvania Service Meetings, service-
men in all parts of the country bring up the same problems regarding
tubes. There appears to be some mystery in the way these tubes
act in Lube testers and in actual operation, and servicemen who have
experienced this trouble have had considerable difficulty in finding
the true answer.

Some of these problems are: 1. Why does a power output tube
test OK in some types of testers and still nol sound good, while
replacing the power output tube with a new one cures the poor tone
quality? 2. Why does a rectifier tube test OK in a tester and yet
the plate voltage available to the set is low until replaced by another
rectifier? 3. Why do tubes test OK in tube checkers and yet cause
the set to stop playing after a few minutes of operation?

1. A power amplifier tube requires a fuirly large plate current in
order to operate properly. If the proper emission is not available to
supply this plate current, then poor quality may result. Many so-
called cinission testers give an indication of “good” for power output
tubes if an cmission current of only a very few milliamperes flows.
This is obviously much less than is drawn in set operation.  Thus,
the serviceman does not replace tnbes which actually need replacing.
Altheugh high current is required for power output tubes it is very
important that not too much current flows when testing diodes and
low plate enrrent tubes or else they will be damaged. Most of the
newer testers of this general type employ various loads for use in the
circuit to limit the current to a safe value. The proper load is in-
dicated on the eharl covering settings for Lesting the various tubes.
If any doubt exists as to whether the tube tester is Llesting power
output tubes properly, a simple check may be made by connecting
a d-¢ milliammeter in series with the cathode of the tube being tested.

22
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This meter will read the total cathode current. It should cerrespond
approximately to the rated plate current for the tube operating
under rated conditions.

2. A rectifier tube often tests ‘“‘good’’ in somne testers when it
actually delivers voltages much lower than normal. This is also
caused by lack of sufficient emission to support normal plate current.
The tester may require only a small amount of plate current to test
“good”’ and this amount is much lower than required for satisfactory
operation in the receiver. The same sort of test, as recommended
above, may be made to determine if everything is as it should be.
The meter should read so that the current passed is comparable with
that required in a normal receiver.

8. Considerable difficulty is experienced in the field with receivers
refusing to play after being in operation for a short while. This may
be due to gassy tubes. It is necessary for the tubes to become
thoroughly warmed before this difficulty will show up. Some tube
testers are provided with a gas test but most are not. A very simple
one which will locate gassy tubes is shown. This can be connected
to any tube in the recciver or a separate unit may be constructed.
When self-bias is employed, the indication will not be as sharp as
when fixed bias is employed.

The circuit essentially is as shown. Input and output systems are
indicated in block form as these may vary depending on the circuit
the tube is used in. The supply voltages for the plate and grid are
indicated as +B and —C.

A meter is connected in the plate circuit so as to read plate current.
A one megohm resistor is connected in the grid circuit so it may be
shorted out. The operation simply consists of opening and closing
the switch across the one megohm resistor and noting the change in
plate current. A gassy tube or bad tube will show a greater change
than will a good one. In fact, most good tubes should not cause
much, if any, change in plate current. This test is equally good for
power output tubes or any other type. It isimportant that the tubes

23



be warmed before being tested for gas, especially if they are power
output types.

The theory involved in this test is simple and wight be of some
interest. If any gas current is present in the tube, this current
flowing through the resistor will produce a voltage which will sub-
tract from the bias, resulting in an increase in plate current. If one
microampere of gas flows, this will decrease the hias by one volt when
the switch is opened. If the mutual conductance of the tube is 1000
micromhos this one volt change of grid bias will increase the plate
current by one milliampere.
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Type 35Z5G and
Type 35Z5GT Trouble

A large number of inguiries have been made relative to open
filaments in Types 85Z5G and 35Z5GT, before the tubes have been
put into use. After a thorough investigation of this it hes been
found that the majority of the trouble is caused by improper testing
in the field. This has been brought about by using improper settings
on the testers and by inserting the tube before praper settings have
been made.

This type of Ltuve has a 35 volt heater which is tapped to permit
the operation of a panel lamp across pins #2 and £3. Thus, it is very
easy to apply improper voltages or to short this seetion of the heater,
cavsing damage lo it. When making any tests on this tube, be sure
the correct settings are made before inserting the tube in the tester.

In receiver operation the heater tap on pin #3 is normally connected
to pin #5 for the purpose of permitting tle plate curreat to pass
through the tapped section of the filament. This eliminates the
initial surge voltage on the panel lamp when the receiver is first
turned on and results in a higher level of illumination. Thercefore,
after the tube has heen put into serviee there are certain precautions
that should be followed. Short circuits in tie B supply may cause a
large drain on the rectifier, resulting in a burn-out in the panel lamp
section of the tube. Any type of short to the panel lamp eircuit
should be avoided; or the use of an improper type of paael lamp is
not recommenderd. Also a load current greater than that recom-
mended should never be placed on the tube.

Tube tester manufacturers have been very co-operative iz supply-
ing complete test data on all their instruments that will test this
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type of tube. These data are shown below. If you do not have the
correet tube test settings for your tester, and they do not appear
below, they may be obtained from the manufacturer. Check the
figures and make clanges wlherever there is a difference on your
chart, as these are the correct current settings.

CLOUGH BRENGLE CO.
Model 225:

Fil. 1 2 3 ¢+ 5 6 7 8 9 IN. SH.
m I* 11*X*R 3 8 8 91 9
Fil. IN CIRCUIT
Model 125-B:

Mt 91 5-50
Model 125-R:
Mt 8 5-50

Caution: Do not use new addendu sheets in conneetion with testers
which have not heen modernized.  (This caution is printed on the
addenda sheets.)

DAYTON ACME CO.
Model 303:
Fil. & Slide
Cir. Sel. 1 Sel. 2 Sel. 3 Switches
o 10 32 9 AC*

*Nore—Push A & C to “UI" position before placing tube in socket
and do not return A & C to normal position until tube has been
removed. This tube normally shows SHORTED.

Model 302:*
9-3 16 Q
*Switeh A “UP”
Model 3o0r1:
J,1&8 16 Q
Model sor:*
30 . 10 Q-3
*Sel. T at “G” before plaeing tube in socket.
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Model 22C:
25.0 37 3 AC*
*Nore—Toggles A & C must be thirown ta “ P position before
placing tube in socket and left up until tube has heen removed.
This tube normally shows a SHORTED condition,
Model 200:
25.0 37 3 AC*
*Nore—Toggles A & C must be thrown to /P position before
placing tube in sockel and left up until tube lias been removed.
This tube normally shows a SHORTED condition.

HICKOK ELEC. INSTRUMENT CO.

Models AC-51, 51-X%, T-53, s1¢-X, 530:
A-11; B-1; Fil—85; L-t0—R-0. Press Rect. Standard Button.
Testers having serial number below 500,000 which have notlheen
modernized, set “L™ on 76 instead of $0.

JACKSON ELEC. INSTRUMENT CO.
Advice from Jackson is that all late type testers which will test this
tube have the correct data appearing on their charts. For new
charlts or data on modernizing, write directly to Jackson.
PRECISION APPARATUS CO.
Models 910, 912, 915, 920, 922:
A B C D E F Depress
7 10 0 1 11 9* b
(Fil. Cont.—Depress J* then B3.)

Precision advises that Series 500, 500-A, 510, 310-A, 600, 00,7300,
800-A, 815, 815-A, 900 and 900-A, have complete new test data
available upon request. The latest supplement bears the date
2/15/40. Series 910, 912, 915, 920 and 922. all have test charts
bearing the date 1/20/30 which supersedes all previons charts for
this series.

*Indicates changes made over original chart.
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SUPREME INSTRUMENTS CORPORATION
Model 385, 89 Series:

O T Nt [ A U R R 25
T LTI AT o | DT 7
But'm QoW oo et et et 8
Qual. Sel. (R) ... 43
Qual. Sel. (B) . oo e 30

Neon lamp glows on I° & 3 as A5 & 12745 switch up.

Models 500, 505, 585:

T ) (€ TSP R R 25
il ROLUTIL. o oottt e e e e s LT
Swilehes Up. oo oo e 238
Mt CRba s et e e C
Load Sel.. oot e e 90
SHINE Sel. . o o ettt e e e 3
Qual. Sel.. ... 50

When making filament open test, neon hulb should light on both
#2 and #3.
Model 400:

| O () | T 25
Fil. REBUD . o o ot e e e e 7
Switehes Up. . oover ot 238
Met, CRboo oot e E
Qual. Sel.. .. oo 4

When making filament open test, neon bulb should light on #2
and #3.
Model 504:

| TS 17 P 25
O AT s T E
Mebter CRbur et it e et e A
BUb' I, DOWD. .ttt 38
Qual. Seli. .. ot e 75

#8 shows short.



Models 501, 502:

Fil. Volts. . .. e e e e 25
Fil, Return. ..o e e 7
Switehes Up. .. ... oo i 5
Meter CKt.. ... .. e A
Qual. Sel.. ... e 37

When making filament open test, neon bull should light on #2

and #8.
Models 503, 504:

Fil. Return 1. . ... ... . . 7
IFil. Volts FE. ... ... .. ... . e ..o 10
Qual. Sel. FTY. .. .. . NP
Meter Ckt. IV .. 3
Flements V. ..... .. .. .. .. ... ... ... ... . 5

When making filiment open test, neon bulh should light on #2
and #3.

Model 506:

Fil. Volts L. .o e 9
Fil. Return Th. ..o e 2
Fil. Return T1E. o e K
Meter Ckt. IV . 0
Shunt Sel. V... e 7
Shunt Sel. V1. . . . 0
Shunt Sel. VI, .. .. 0
Elements Out. .. .. ... .. .. . . .. . . . . i 3-8

Depress #3 when mauking leakage test. #3 shows short.
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Tracking Down Grid Emission

Among the many “bugs™ that find their way into a radio cireuit,
there is one that has caused untold grief and confusion to the service-
man. Itscommon nameis GRID EMISSION.

Although it starts life as a tiny electron, it soon grows to huge
proportions. It is clusive in its ways, and much valuable time may
be lost merely in determining its presence. After that, more time is
consunied in solving the serious problems that it creates. No doubt,
you are familiar with some of the following complaints: blocking,
loss of sensitivity, lack of selectivity, distortion, burned out plate and
screen resistors, low emission rectifier and power tubes, and hum.
These are a few of the problemns of grid emission and they are general-
ly reported to take place after the receiver has been in operation

long enough to hecome overheated.

Perhaps you have tested tubes, condensers and resistors, yct you
found everything to be normal. Try though you may, you have
never located the cause of these complaints, although you may have
effected a cure by the cut and try method. Of course, you know that
the cathode of a radio tube is designed to emit clectrons; but this is
not true of the grid. Grid emission, as the name implies, means that
the GRID gives off or emits electrons. When electrons flow there is
also a flow of current, (as can be seen if we place a milliameter in
series with the cathode) and current flowing through coils and high
value resistors in the grid return circuit, will produce a voltage drop
detrimental to good circuit performance.

Why do we have grid emission? Well, during the process of
evacuation of a radio tube a small portion of the cathode emitting
material is sometimes unavoidably splushed on to the grid with the
result that should the grid become sufficiently heated during opera-
tion, it will emit electrons.
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Fig. 1



To reduce this disturbing effeet every precaution is taken in the
design of Sylvania radio tubes to keep the grid as cool as possible.
Copper grid supports are used hecause copper, being a good heat
conductor, carrics the heat away from the grid. Grid radiators are
attached to the grid to give a greater heat radiation area. Colloidal
graphite is sprayed on plates and bulbs to increase the heat radiation
to the outside away from the grid,—all to keep the internal tube
structure cool.

We conclude, therefore, that excessive heat is the factor that must
be avoided if we are to keep away from grid emission.

More recent tube types are of higher mutual conductance than
those of the earlier days and in order to obtain this increase in mutual,
the spacing between the grid and cathode has been greatly reduced.
As a result, the grid is close enough to the cathode so that excessive
heater voltage, or cathode current will heat the grid to the emission
point.

Another recent factor aiding the evil of grid emission is the trend
toward the zeru-bias type of receiver operation. In this type of
circuit the d-c resistance in the grid returns is generally very high.
This results in a higher disturbing-voltage drop, and at the same time
fails to produce a megative bias voltage which would be lelpful in
opposing the disturbing voltage.

The r-f eircuit shown in Fig. 1 represents a typical zero-bias
arrangement which we will use to follow the actions of grid emission.

Let us assume that the initial bias on the tubes derived from the
contact potential of the diode is —1 volt. We will also assume that
the receiver has heen in operation long enough to become sufficiently
over-heated to stimulate grid emission. The excessive heat may be
caused by improper ventilation, high line voltage, or the exceeding
of the voltage ratings of the tubes.

The grid of any one of the tubes, being overheated, will now give
off electrons and current will flow. To start with, this current is
very very small, being only about one microampere. However small
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though it may be, it must return to ground. Therefore, it flows
through the r-f coil, through the a-v-c resistor R, on through the
volume contro} to ground. During its course to ground the current
had to pass througl: the a-v-¢ resistor R whose value is three meg-
ohms, and, according to Ohms Law, current flowing through a
resistance must produce a voltage drop. As E=IR we then have a
voltage developed across X cqual to 3 volts. Tle polarity of this
voltage drop is the HARMFECUL factor. Current flowing from the
diode to the grid produced a negative voltage at point X, but current
going from the grid 7o ground produces a positive voltage. Tlere-
fore, at point X we have +3 volts developed by the grid current
flow, minus the —1 volt of bias caused by contact potential, feaving a
+2 volts. This meuns that at the grid of cach tube on the a-v-c¢
string, there are 2 volts of positive vollage.  You and I know that
We cannot use positive voltage on eontrol grids. It must he negative!

plate circuit will show a rise 10 current arvs vaw cveee . -
heated if grid emission is present. . .
H > rate
Practieal cures for this ailment may be effected by a ;O( eﬁlg,ame,nt
resistor in series with the filament to slightly r::duce ltlle Jnent
ilati ic bi re all, make s
5 1, or automatic bias. Abov s s
voltage, proper ventilation, . ' o Aboves coue
that tgh:a values of voltages and grid resistors ure within the rating

of the tubes.
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Filament-Grid Short Circuits

Recently we have received a eonsiderable wnmber of complaints
on battery type tubes which indicated that commercial tube checkers
were showing up tubes as having grid-filament shorts. In many
instances it was reported to us that the tubes worked perfectly
satisfactory in cquipment. In other instances tubes were sent back
to us for analysis. Our analysis showed that there were no short
circuits between filament and grid. An investigation was made of
several commercial tnhe checkers in which thiese defects were being
noted Lo ascertain the canse for such indicated shorts, when in reality
no shorts were present.

Wlhen one stops to analyze just what is ocenrring, it is [airly easy
to see the reason for the diserepancy. In a commercial tuhe checker,
for simplicity reasons, il is usually a practice to make available only
one supply voltage.  For most types of tubes the value of this
voltage is not too important and consequently a value usually above
150 volts is employed.  When filament-grid shorls are heing checked,
however, on any kind of a tube, sinee the spacing between these
elements is very close, the voltage gradient is very high and a con-
siderable electrostatic attraction exists. In the case of 1.4 volt tubes
this force is suflicient to attract the filament over to the grid. This
results in a grid-filkiment short being indicated since the filament may
actually touch the grid under these conditions.  With the proper
equipment it is possible to actually see the filament being attracted
to the grid structure.  In manufacturing these tubes a great deal of
difficulty was experienced with this condition until it was recognized
that the voltage between grid and filiment must be kept at a low
enough value so that the filament did not become distorted. This
can readily be accomplished by reduecing the value of this voltage
without any attendant harm since the maximum voliage applied




between grid and filament in most battery types will be under 25
volts.

The next time you are testing battery tubes for short cireuits and
run into grid-filamecat shorts and the tubes appear to be otherwise
alright, it is suggested that you measure the voltage between filament
and grid and if it excceds 50 volts that you disregard the grid-
filament short indication.

Generally a real grid-filament short circuit occurs because the
filamnent has been opencd up and the look tension has been suflicient
to pull the loose end of the filament up so that it comes in rontact
with the grid wires thus causing a short circuit. Whenever this
occurs, of course, the filament continuity will be broken and this can
readily be determined. Under these conditions, the tube will be
inoperative and should be discarded for an open filament rather
than a short cireuit,

This information is being passed on so that tubes will aol. be
falsely accused of hawving grid-filament shorts when in reality these
short circuits do not exist under service conditions.
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Plate and Screen Dissipation Ratings

Vacuum tube ratings provide an accurate guide to assist the
engineer or scrviceman in securing cfficient tuhe performance. The
use of this information, coupled with careful attention to circuit
considerations and proper installations will generally pay dividends
im acceptable operating efficiency. Among the important factors
included in tube data are the ratings of maximum plate and maxi-
mum  screen  dissipations.  The  discussion  which follows deals
primarily with dissipation considerations.

The interpretation of tube ratings published in the Sylvania
Teclinical Manual and other Sylvania technical literature are in
accordance with RMA standards and the conditions outlined in the
introductory section of the manual for the plate and screen are:

A-C or D-C Power Line: The maximum ratings of plate and
screen voltages and dissipations given on the tube type data sheets
are Design Maximums.  For equipment designed for nse in the
United States on nominal power-line services of 105 to 125 volts,
satisfactory performance and serviceability may be anticipated,
provided the equiptient is designed so as not to exeeed these Design
Maximums at a line voltage of 117 volts.

Storage  Batteries:  Aulomobile battery operated equipment
should be designed so that when the hattery voltage is 6.6 volts, the
plate voltage, the plate dissipation, the sercen voltage, the screen
dissipation, and the rectifier load current will not exceed 90%, of the
respective recommended Design Maximum values given in the data
for each tube type.

B Batteries:  LEquipment operated from I3 batteries should
be designed so that under no condition of hattery voltage will the
plate voltage, the plate dissipation, the screen voltage, and the
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screen dissipation ever exceed the recommended respective maximum
values shown in the data for each type by more than 10%,.

In general, electrode dissipation is the power dissipated in the form
of heat by an clectrode as a result of clectron and/or ion bombard-
wment. Eaeh tube type must have maximum ratings assigned, these
being dependeut upon the tube design, its component parts and the
kind of service it is to perform. Experience has shown that when
maximum ratings arc exceeded, partieularly for an appreciable time,
the performance capabilitics may be impaired and the tube life
shortened.

The total power dissipated by the tube consists of plate and grid
1osses plus the power used in leating the cathode. All of this heat
must be carried away from the tube, principally through the envelope
of the tube. A major proportion of the energy which is dissipated in
tubes having glass bulhs is produced at the plate of the tube. Con-
sequently, the plate has to be capable of radiating all thé heat
generated at its surface, and also the heat radiated to the plate by
the cathode and other elements, without damage or adverse results.
Any excessive heat, above that stipulated by the maximum dissipa-
tion ratings, can produce very detrimental effects.  These will be
covered in more detail later.

TRIODE CLASS A POWER AMPLIFIERS

As a first example, consider a triode power amplifier such as a
Type 6A3, operated resistance-coupled, under the rated Class A
conditions. The accompanying plate characteristic indicated that
with 250 volts applied to the plate, —45 volts grid bias and the
recommended load of 2500 ohms, the rated plate current is 60 ma.
This requires a plate supply voltage of 400 volts for with 60 ma.
flowing through the load resistor of 2500 ohms there will be a voltage
drop across Rp. of 0.06 ma. x 2500 ohms or 150 volts, and hence an
applied voltage of 250 volts. The d-¢ power dissipated in the load
resistor will be 2Ry, or (15— Ep) I watts. Using the latter expression
this gives 130 volts x 0.06 ampere or 9 watts, and this power is
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represented on the diagram by the reetangle at the right. The plate
dissipation of the tube will be Epl or 250 volts x 0.06 amper: which
equals 15 watts. This is represented by the rectangle at the left as
designated. These values only apply when no input signal is applied
to the grid.

When an alternating voltage is impressed on the grid, the voltage
at the plate of the tube will also fluctuate since it will differ from the
supply voltage by the drop in the load impedanze.  With the signal
on Lhe positive half cycle, the plate current will increase, thus causing
a larger drop in R so that the plate potential will be less than its
value at the operating point.  On the negative half cycle the in-
stantaneous grid voltage will he more negative than — 435 volts, the
instantaneous plate current will be less than the average value and
the drop in R will be reduced  Consequently the instuntaaneous
plate voitage is higher during the negative balf eycle.

With an impressed input signal whose peak voltage equals the bias
voltage, the a-c power developed in the load is rated at 3.2 watts.
This a-c power is dissipated in Ry, in addition to the d-¢ pwwer
dissipation of 9 watts mentioned ahove. The plate dissipation is
therefore reduced by the amount of the power outpiat. This decrease
m plate dissipation under dynamic operating conditions is a charac-
teristic of all elass A amplifiers. llence, Class A power amplitiers
should be so designed that the dissipation under static conditions
will not be cexceceded.

The RMA ratings for Type 6A3 specify a maxim am plate voltage
of 325 volts and a maximum plate dissipation of 15 watts, Since a
plate current of G0 ma. is obtained when 230 volts are applied to the
plate with a grid bias of —45 volts, it is apparent that if a higher
plate voltage is employed, the maximum plate dissipation will be
exceeded unless more bias is provided to reduce the pate current tc a
safe value. In general. the allowable plate dissipation will determine
the maximum operaling plate current for a given plaie voltage. For
some tube types the allowable dissipation may be high enough so

41

/orld Radio Histo



that the operating point and load resistance may he based upon
considerations of distortion, flow of grid current and desired power
ontpnt

PENTODES AND BEAM TUBES

With pentodes and beam tubes additional factors must be taken
into consideration.  The total B-supply input power will be the
power in the plate circuit plus the power dissipated in the screen
cirenit.  With an input signal whose peak voltage equals the bias,
the power delivered to the plate cireuit is the prodnet of the maxi-
wmum signal plate current and the corresponding plate voltage. The
heat dissipated by the plate will he the power supplied to the plate
eireuit less the power delivered to the load.

Screen dissipation increases quite rapidly with applied signal
voltage and may be several times greater at the maximum signal
condition than when the signal is zero. The increase in d-¢ screen
current with signal occurs because of the influencing effert of plate
potential on screen current and is partienlarly noticeable when a
high valne of load resistance is employed.  This condition should be
avoided, not only to maintain the screen dissipation within limits but
also to keep the distortion at an acceptable value.

TYPICAL EXAMPLE

As a second illustration of zero-oulput and rated-output sereen and
plate conditions we will survey the ratings for Type 705, or the octal-
based equivalent Type 6V6GT, G, when employed as a single-ended
Class A amplifier  Maximmm ratings are:

Plate Voltage. . ... oo o815 Volts

Sereen Voltage. .o oo 250 Volts

Plate Dissipation........... e e 12 Watts

Secreen Dissipation. .. ..o vt 2 Watts
42
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Recommended operating conditions are:

Heater Voltage.................. .. 6.3 6.3  Volts
Plate Voltage................... ... 250 315 Volts
Screen Voltage. .................... 250 225 Voulis
Grid Voltage. .. ..... ... ... .... —12.5 —13 VYolts
Peak Input Signal. ... ... ... .. 12.5 13 Volts
Plate Current (Zero Signal). .. .. L +5 34 Ma.
Plate Current (Max. Signal)......... 47 35 Ma.
Screen Current (Zero Signal). ... ... 4.5 2.2  Ma.
Screen Current (Max. Signal). . ..., .. 7.0 6.0 Ma,
Load Resistanee................... 3000 3000 Ohms
Power Quiput......... ........... 4.5 3.5 Walls
Total Distortion................... 8 12 Per Cent

For the 250 volt condition the dissipation values computed from

tae above figures show:

Zero ontput plate dissipation is 230X0.0k5=11.25 Walls

Zero output screen dissipation is 250X0.00b5=1.125 Walls
Full output plate dissipation is (250X0.047) —4.5=7.25 Walts
Full ontput sereen dissipation is 250X0.007=1.75 Watts

We see, therefore, that as the output goes from zero to 4.5 watls
the plate dissipation drops from 11.25 watts to 7.25 watts while the
sereen dissipation increases (G.625 watt.

Similar computations could he made for the 315 volt condition, "t
is to be noted that the recommended operating conditions have heen
designated so as not to execed the maximum dissipation ratings.
One should bear in mind that published ratings represent average
tubes and that any particulas tube when measured muy differ to
some extent from these figures for plate and sereen vataes, power
output and distortion.

SPECIAL PRECAUTIONS

It has been pointed out that heeause of the reduction of minimum
plate voltage which occurs with increase in load, the average and
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maximum values of sereen current increase with load resistance.
Henee, permissible sereen dissipation limits the maximum load that
an be emploved.  This justifies the precantion that the load should
never be removed from the output transformer sccondary of a

pentode or beam tube sinee the effective load impedanee will increase
reen dissipation will damage the tube,

and the resulting excessive s

Removing the plate voltage, without also removing the screen
voltage, gives rise to abnormally high screen eurrents even though
rated screen voltage and rated bias are normal. This means ex-
cessive screen dissipation will be encountered amd the tube soon
ruined if operation continues.

Dissipations higher than the speeified maximum values generally
result in detrimental effeets such as secondary emission, high gas
currents, warpage of tube elements and actual tube destruction,
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SERVICE TO SERVICEMEN

The Service Helps shown on the following pages are only a few

of the generous assortment of Sylvania Sales and Service Helps
' made available by Sylvania Electric Products Inc., most of whick: are
free upon request. Semi-technical literature for the serviceman such
as Characteristic Sheets, Tube and Base Diagram Charts, Tube
Correlation Charts, the Tube Complement Book at 35c &nd
the Technical Manual at 35c, are in constant demand. Window
displays, streamers and transparencies, price literature, circulars,
book matches, electric signs, mailing cards, newspaper mats, and
plain or imprinted tube stickers are provided generously as an as-
sistance to dealers and servicmen. All items showr are typical—
styles and prices are subject to change without notice.

Sylvania News, a regular monthly publication featuring a sep-
arate Technical Section, items of trade interest, personal interviews,
and service helps, is available to everyone. Further information
about Sylvania News, Sylvania Radio Tubes, and any of the sales
or service helps, may be obtained from your local Syivania Dis-
tributor, or by addressing your inquiries to Sylvania Electric
Products Inc., Emporium, Pa.

In addition to its acknowledged position as a leader in the field
of receiving tubes, Sylvania Electric Products Inc. is also prominent
as a manufacturer of Incandescent Lamp Bulbs and I'luorescent
Lamps and Fixtures.

For more than thirty-five years, *Sylvania Lamp Bulbs, manufac-
tured at Salem, Mass., have been recognized as a standard. There
is a *Sylvania Lamp Bulb for every lighting requirement, Jomestic,
commercial, or industrial. Correspondence should be addressed to
Sylvania Electric Products Inc., Salem, Mass.

We invite inquiries regarding the products of our Receiving
Tube, Incandescent Lamp Bulb and Fluorescent Lamp Divisions.

*Formerly Hygrade.
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SYLVANIA BUSINESS FORMS

—
223 212
THREE-IN-ONE SERVICE FORM JOB RECORDS
A complete job record for your files; cus-  Customer's record and receipt and
tomer’s invoice and guarantee, and imprin- a complete job record for your

ted follow-up cards; all in one handy form, files. Imprinted.
perforated for easy use. 100. .$1.00 250 . §$1.75
100..§1 50 250 $2.50 500..§4.00 500, . $3 00

R i 1
v 214

SERVICE BILLHEADS
100....% .75 250....%1.28

500....$2.00
Imprinted
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AND STATIONERY

s W s g e e 4 -

b ==, p=) |

352

A stplified method

ol 1maintaining ac-

~urate records for

: vour  information

B and for tax pur-
t poses $1.00

-

215
ENVELOPES
100....8 .50 250....$1.00
500, ...$1.50
Imprinted

I

OV IVANTA s o et e 200 STATIONERY 201
Radio Decaler style (200)
116 Serviceman style (201)
BUSINESS CARDS 8l4x11, twon-color, with envelopes, both um-

Two Colors—Imprinted printed.
250....75c; 500....31.00 250..%$1.75 500..33.00 1000. . $5.00

47

. St SRR o SR a i
—

World Radio Histo



TECHNICAL BOOKS

SYLVANIA NEWS
Technical Section

TECHNICAL SECTION BINDER
Containing all back issues of Technical
Section from May, 1935....

]
. STIVANIA (e et i
208—SERVICE HINTS
. BOOKLET
Practical advice on unusual

service problems. FREE

HINTS BOOKLETS
(not illustrated)

226-Radio Tube Hinta.
227-Radio Circuit Hints,
228-Radio Equipment Hints.
These bookleta contain help-
ful information on circuits,
tubes and test equipment—

FREE

202
Complete Data on Sylvania
tubes with supplement to
@EY¥B00000005000000050 35¢. |

218
COMPLEMENTS of tubes
for all makes and models of
radio sets; much other
valuable data not available
elsewhere.............J 35¢c. .
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MICA KIT

Generous supply of high- -grade mica
with low dielectric loss, ]usl right

for use in nemcc work. .
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nATIO :" )3

WINDOW
TRANSPARENCY
FREE

SERVICE KITS
Neat, Jirofessional for ser
viiw salte. Rsom for tubes,
parce teols
No. 23— (10x17x7 inches.)

13.00

Na. 2087 oot llhlt\m(ul)
(10222x8 hietey) 00
Sturdy ceamtruction, black
leathercite covering, nietal
fittings, and handy tool
tray.

No. 2038—(10x17x7) Price $3.00. Same as No.204
but with black and white airplane cloth covering.
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110
TUBE STICKERS

Imprinted (110), Roll of 2000.. $1.00
Plain (i14}), Roll of 1000. 25¢
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- SPECIALTIES

I 3o1 302, 303
SERVICE JACKET SHOP COAT (302)
Tweed mixture dungarec cleth, for Sam¢ material as 301. Full lengih,
home service calls. counter salesmen, shecial proteciive features. Sizes 36
thop wear. Sizes: 36, 33, 40, $2, #4. to 44,
$1.75 each. $1.95 each

SERVICE TAP (303)
Matches 301 and 302. Small, 6%4; medium, 7%4; large, 7%i; 25c each.

204—SHOF APRON (not illustrated)

: Heavy green duck with two large, oae small pocket. Similal to Carpenters #prone.
. Very popular with scrviceses ... . ..., 25¢ each
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Slide-Back Vacuum Tube Voltmeter

A vacuum tube voltmeter for use in service work should be as
rugged as possible and do away with the necessity of ealibration.
Since the plate current of a vacuum tube depends upon the grid
voltage, for a fixed plate voltage, the slide-back type of vacinum tube
voltmeter shown on the accompanying skcteh is espeeially suitable
for service work in measuring voltages where the current drain of a
voltmeter would materially change the readings. The chief uses
which a serviceman will find for this piece of equipment will be:
(a) Measuring the (l -¢ voltages devetoped across the diode
load resistor.
(b) Measuring voltage at the plate of resistance coupled amplifier
tubes.
(e) Measuring voltage at the sereen of amplifier tubes.
(d) Measuring any d.e. voltage in the system where no current
drain can be tolerated.
, (e) Measuring A.C. voltages such as ﬁl ament voltage in AC-DC
reccivers.

The apparatus required consists of a universal five and six contact
socket connected as shown on the wiring diagram; a 10 megohm
resistor; a double-pole double-throw switeh (which is connected as a
reversing switch); a potentiometer whose resistance is suitable for
the amount of voltage used in the grid circuit; and an on-off switch

- < ———

for that potentiometer. In addition, the necessary filament supply
will have to be provided. A grid voltage is required whose value is
considerably greater than the highest voltage to be measured. A
plate voltage of 45 volts, which may be obtained from a B hattery,
and two meters will be required: first, a valtmeter whiclr is calibrated,
in d-c volts, possibly having two seales—0to 10 and 0 to 100, depend-
ing upon the range of voltages used; ard second. a milliammeter
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with a 0 to 10 milliampere range. A power supply opcrated from
the a-¢ line may be incorporated. 'This unit is described in another
arlicle.  Since most reecivers on which these measnrements will
be made operate from a power line, there is no point in operating
the test equipment from batteries. 'T'he universal socket is recom-
mended so that a Type 57, 77, 6C6 or a 56, 76, 87, 27 may be used,
depending upon the sensitivily required.  To employ o Type 37, 77,
or 6C6 in the six contact socket, the tubes should be connected as
triodes by connecting the sereen and suppressor grids to the plate
terminal at the sockel.  As such, they will give an amplification
factor of about 20. I less sensitivity is required, a Type 36 or 76
tube may be inserted in the five pin socket.  Will cither of these
tubes a voltage amplification factor of approximalely 12 may be
obtained. If less sensitivity is desired, a Type 27 or 87 may be used
in the same socket. The purpose of the 10 megohm resistor is to
malke certain that the grid cirenit is closed for d.e. at all times, so the
plate meter will not be driven oll scale if the tube is lighted and the
input circuit is not closed.

The operation of the device is as follows:

The proper tube is placed in its socket and with no voltage applied
to the grid of the tube, the potentiometer supplying grid bias is
adjusied so the meter in the plate cirenit reads at some predetermined
point, for example: in the center of the scale. The d-e voltage to be
nieasured is then applicd across the inpul terminals, and if that
voltage has polarity such that the positive side is connected to the
grid of the tube, the plate current flowing in the meter circuit will
inerease due to a decrease in bias.  The potentiometer is then
adjusted until the plate current is restored to its original value. The
adings between the initial setting and the

difference in voltmeter re
new selting is the value of d-¢ vollage whieh was being snpplicd
across Lhe input terminals,  If the polarity isin the opposite direction,
sthen the plate current will deercase as voltage is applied to the input
cireuit and the potentiometer shonld be readjusted to restore the
plate current reading to its original setting.
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Slide-Back Vacuum Tube Volimeter

’ %
Rl M

/‘\

(Cy o
By
v = —
oPOT i ] —=ilt
A e —
Ry 10 MEGOHMS
Rz POTENTIOMETER vaLUt
OEPENDING ON VOLTAGE.
M2 R3 500 Owms
4 My 0=10 MILLIAMPERES
M2 0=10, 0=100 VoLTS
R2 By 45 VoLTS
B2 VALUE OEPENOING UPON
i RANGE .
Bg SOCKETS UNIverSaL S5 & 6
SwW
= l|||l||}—4.—1

If voltages higher than 10 volts are to be measured, the negative
terminal should always be connected te the grid to prevent burning
out the plate meter. In this case, a reference set at maximum scale
reading instead of center of seale would give greatest precision.

It will be noted that no specifie values of voltage are given, since
that depends upon the range of voltages which are 1o be measured.
In general, the voltage across the potentiometer must be equal to the
largest voltage it is expected to measure plus the bias which will be on
the tube when no signal is heing received.

The slide-baek type of vacuum tube volt meter may be used for
measuring peak values of a-c voltage if a slightly diferent procedure
than previously outlined is employed. If the wave form is irregular,




it is to be borne in mind that this meter will still read the peak
voltage, but unless the wave form being measured is sinusoidal, the
peak voltage will not nccessarily be 1.4 times the RMS value which
would be read on an ordinary meter.

The accompanying sketeh indicates the procedure which is to be
followed in making these measurements. The curve “lIIOF" repre-
sents the plate current curve for the tube being used in the vacuum
tube volt meter. The vertical line “XY” represents plate current,
while the lorizontal line “YM” represcnts grid bias in a positive
direction, and the line “YN” represcnts grid bias in a negative
direction. At a point “l” on the curve “IIOF” no plate current
flows, sinee this curve crosses the horizontal line ““NY”" at this point.
If, therefore, we apply such a bias to the tube in the voltmeter that
its plate current goes to zero, that is, no indication is given on the
plate current meter, and if we apply an a-c voltage at this point,
which is represented by a sine wave ahout the line “11Q”, then it will
be seen that voltage peaks to the left of “HQ" will not produce any
plate current; while those current peaks appearing to the right of
“1Q" will produce pulses of plate current, as shown at ,’. If, now,
we increase the grid bias in a negative dircction until these plate
current indications again ccase, we will find that if the amplitude of
the wave being measured is “a”, then the bias will have been in-
creased by an amount equal to “a”. The new position for a peak
voltage of “a” will he along the line “BD™ instead of “11Q”, which is
to the left of “IQ” by an amount equal to “a”. In other words B
minus H equals “a”, which is equal to the peak value of the a-c
wave form.

The procedure to be followed is simply this: with no voltage to be
measured and applied to the terminals of the vacuum tube volt
meter, the grid bias is adjusted so that the plate current just goes to
zero. (In general greater accuracy can be assured if the “‘zero”’
point is actually a small finite reading on the plate meter.) The
voltage to be measured is now applied to the grid and the bias is

8
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aguin adjusted until plate current just disappears. The difference in
the two grid biases will he equal to the peak voltage which was
applied to the grid of the tube. Thus, the slide-back type of vacuum
tube voltmeter may be used to indicate peak a-c voltages as well as
dircet current voltages whiel may appear in a given circuit.
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Power Unit for Slide-Back Vacuum
Tube Voltmeter

The power supply for the vacuum tube voltmeter is designed to be
very flexible, so all ranges of voltages may be obtained to accomn:o-
date tle various voltages heing measured.

It is extremely important that the voltage supply be entirely
independent of grounds since often the voltages being measured will
be grounded. This requires the use of transformers.

In order that the reversing switch for the “C” battery, whieh was
shown in the first issue, may still be usable it is necessary that a
rectifier tube having two separate cathades be employed. The type
2525 tube has been chosen for this purpose. In addition to the
rectifier tube itself, it will he necessary to have two separalte trans-
formers having high voltage secondaries; one at least having ir
addition a 2.5 or 6.3 volt winding for lighting the filament of the volt-
meter tube. The voltage depends, of course, upon the type of tube
being used in the voltmeter unit. "Iransformers most commonly
available for this use will have a center tapped secondary. Only one-
half of this secondary is to be used. The plate of the rectifier tube
is to be connected to the eenter tap and the return circuit will be
connected to one end of the transformer winding. ‘T'hus, one seetion
of the tube will supply plate voltage while the other section will be
used to supply grid bias. It will be necessary to include an induet-
ance capacity filter, as shown on the diagram, which will consist of a
small clioke and two 8 mierofarad condensers for each supply. The
voltage rating of the condensers must be cliosen so that they will be
sufficient for the voltages employed. The filament of Type 25Z5 tube
will be lighted directly from the 110 volt power supply. In order to
limit the current, it will he necessary to insert a 80 watt, 330 ohm
resistor in series with the filament, as shown on the drawing. The
value of the potentiometers “R” employed to vary the voltages
applied to beth plate and grid supply will be determined by the total

10
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voltage available. In any case, these potentiometers should be of the
wire wound type

This power supply is quite flexible and will permit the vacuum
tube voltueter te be used without any alterations except to connect
the four power supply terminals to the meter unit in place of the B
batteries and to plug the primaries of the transformer unit into a
light socket.

It is to be noted that this type of supply is not suitable for use with
d-c line voltage. Most of the parts specified are standard parts and
will probably be found iu the work shop of every service man.
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A Simple Peak Voltmeter

A simple peak voltmeter useful for measuring d-c¢, a-c, or pulsating
voltages from about 10 volts up to any value desired is a valuable
piece of service equipment. This article will describe such an
instrument which can be made at a reasonable cost.

The accompanying schematic diagram shows a circuit of this
voltmeter consisting of a Type 84 tubce togetlier with a suitable
transformer for lighting the filament and 16 microfarads of condenser
which must have a voltage rating as high as the largest peak voltage
wlhich is Lo be measured.

A thousand ohms per volt voltineter having the proper voltage
range for the voltages to be measured is connected across the 16
microfarad condenser, which in turn is connected in series hctween
the cathode of the tube and one side of the voltage which is to be
measured. The voltmeter can be the one that is commonly used in
service analyzers, providing it is of the 1000 oluns per volt type. The
meter should not be used on a scale range less than the 100 volt scale.
This should be done so that at least 100,000 ohims of resistance will
always be shunting the clectrolytic condenscr. If the condenser is
shunted with less than this value, a slight error will result. A pair
of pin jacks can be provided across the terminals of the condenser
into which the meter may be connected. It is to be remembered in
measuring a-c¢ voltages that the peak voltage will be 1.4 times the
r.m.s. voltage us meusured on an a-c voltmeter, if the wave form is
sinusoidal. For example: if the line voltage measures 100 volts, the
peak voltage will be 140 volts. This is the reading obtained when
using a peak voltmeter.

This device requires absolutely no adjustments, and is ;useful in
measuring voltages developed across filter condensers, especially the

12
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first filter condenser. It is important that service men have an
instrument to measure such voltages, since they ave often called upon
to make a replacement of condensers of unknown ratings.  Unless
the peak voltage across a filter system is known, a condenser with
improper voltage rating may be used which will probably result in
anotler defeetive condenser and a dissatisfied customer.  The
working voltage rating of a condenser should be somewhat higher
than the voltage which is measured on this peak voltmeter.

The average serviceman will find a great mauy uses for this small
voltmeter, not only as outlined ahove, but also for measuring a-v-¢
voltages, screen grid voltages and other voltages where the drain of
a voltmeter might give incorreet readings.

The unit is also very useful in measuring output voltages obtained
from a reeeiver. It may be connected direetly across the primary of
the output transformer and will serve as a very fine output indicator.

It must be remembered that this unit will measure peak voltage
and not r.mn.s. voltages.

14
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The Vacuum Tube Voltmeter

As a Service Tool

This article describes the theory, construction, ealibration and use

of vacnum tube voltmeters in service work.  An instrument of this

type, capable of measuring d-c voltages or a-c voltuges of any

frequency encountered in modern receivers, is becoming inereasingly

neeessary in service work—unot only hecanse it can measure voltages

[ aeross high impedance cirenits without drawing current from the

cireuit, bhut beeause it may he used to measiure re

sistance, induetance,

capucity, leakage, transformer ratios, stage gain, power output,

pereentage of modulation and coil “Q"—or virtually everything the

serviceman must know abont a receiver or any of ils component
parts. lts versatility is only limited by the skill of the operator.

The servicing of a radio receiver may be considered as consisting
of cirenit repairs and adjustments Lo permit the tubes in a set to
function properly.  In the final analysis the radio tubes do all the
work of amplifying the signal; providing a locally generated signal

whicir—beating with the incoming signal--changes its frequency;
amplifying this intermediate frequeney; and removing the a-f
) component, and in turn amplifying this to the point that will operate
the loud speaker.  Tlic halance of the parts in the set serve to couple
the tubes together and to supply them with the recommended heater,

plate and various grid voltages.

Because of the long life of tubes and the case with which they may

be removed from the set, tested and replaced, few tough problems

are cncountered in this connecction. lowever, it is much more

difficult o give most of the other parts of the receiver a thorough
test. To be accurately tested, all parts should be checked in the
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chassis at their operating frequency—which will be between 25
cycles per second and 25 megacycles for the average “all-wave”
reaeiver, and over 90 megacycles for a television receiver. The latter
requirement must be kept in mind when building test equipment
if we wish to be sure that it will not become obsolete in the future.
Since the parts should be tested in the chassis at their operating
frequency, it is certainly logieal that the best instrument to test them
with is a vacuum tube voltmeter since the V. T.V.M. has essentially
the same characteristics as the tube usually associated with the part
under test. Not all V.T.V.M. circuits are well suited for service
work, howcver. Somec are not sensitive enough, others draw too
much current from the circuit under test, several types are too
complicated or unstable, and some require such delicate meters that
they are too costly to purchase and keep in repair for service work.
Before deciding on any one type we will consider the more important
basic types, and give detailed construction data on the one best
suited for service work.

THE DIODE VACUUM TUBE VOLTMETER

The first vacnum tube voltmeter was of the Diode type, and dates
back beyond the age of radio to the year of 1883 when Thomas A.
Edison placed a plate in one of his first carbon filament lamps and
noticed that—when the plate was made positive with respect to the
filament—a current would flow between plate and filament.  This
was called the “Edison effect’ after its discoverer. For over twenty
years its use was limited to laboratory experiments in rectification
until Fleming introduced it to replace the erystal detector, in which
function it was called the “Fleming Valve.” The reason for calling it
a valve is obvious since it will pass current only in one direction—
when the plate is positive—and shut it off as the plate is made
negative. Since that time, all radio tubes are “‘valves” to the
British experimenter and servicemen. The Greeks of course gave us
a word for it—“Diode”—meaning dual element. The diode is used
today in most radio receivers as a sccond detector and source of a-v-e,

16




a-f-¢ and volume expansion control voltage. The diode vacuum tube
voltmeter shown in figure 1A is possibly tlre simplest type,:which is
about its only virtuc. Any glass or metal type of tube may be used
as the rectifier, provided it will stand the maximum peak a-c voltage
to he measured. If Latteries are to be u-ed for a source of heater
voltage, a tube of the TA4T type is a good choice because the contrnl
grid is hrought out ta the top cap and this can be used as the diode

——

C

'__4.

T

FIG.IA

plate. The screen grid and plate in this casc may be grounded and
will serve as an internal shield to minimize cxternal pickuo. The
capacity of the condenser “C’’ must be large enough to present a very
low reactance to the lowest frequency to be measured—or we can say
there should he no a-c¢ voltage drop across this condenser at the
lowest frequercy we expect to measure. This requires a good paper
condenser of at least 4 mfd. with a voltage rating equal to the

17
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largest peak voltuge to be measured. The resistor “R” and meter
“M” may be a standard 1000-ohms-per-volt voltmeter with its
internal multiplier.

When the V.'I. V.M. is connected across a circuit through which an
alternating current is flowing, the plate will of course be alternatingly
positive and neguative by an amount equal to the a-¢ voltage flowing
in the eircuit under test. When the plate is positive it will attract
electrons from the filament and a d-¢ current will flow through the
external circuit under test and back through thie meter and multiplier
resistor to the filament You will notice that the meter circuit will
contain only d-c voltage since the a-c voltage is by-passed by the
condenser “C”. During that portion of a cycle when the plate is
negative, no d-c current will flow hecause its negative potential will

——y—
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repel the megatively charged electrons being emitted from the
filament. From this we can sce that our diode V.'T.V.M. will not
draw current from the cirenit under test when the plate is negative,
su we can say it has infinite resistance during this portion of the eyele.
When the plate is positive, however, the resistance of the diode will
drop so that it may have a resistance of 1040 ohms or less, depending
on the tube used. We can sec from this that the diode V.T.V.M.
will draw almost as mueh eurrent from the circuit under test as a
direct current voltmeter of similar sensitivity when measuring a d-c
voltage. The obvious way to avoid this serious current drain is to
use a more sensitive meter sueh as a 0-10 microammeter, which,
with a multiplier resistor *“R” of 500,000 olms, would give us a
meter resistance of 100,000-chms-per-voll for the 5 volt range. Sucl
a meter however is hoth expensive and delicate, and is not very
practical for general service work. Morcover, even if we decided to
use such a nieter we would find another difficulty when we attempted
to measure helow 0.5 volt. In this range we might find that a point
would be reached where no indication would bLe seeured on the meter
even though we knew that an a-c¢ voltage existed in the circuit under
test. Or, on the other hand, we might find that the meter would read
0.5 volt orless witli the test prods short cireuited.  T'his error is due
to “contact potential,” which Leeause of clectronic action makes the
plate appear as though it had an initial d-¢ poteutial of approxi-
mately plus 0.5 volt or minus 0.5 volt on it. To avuid this difficulty
we can use the cireuil shown in figure 1B and with the test prods
short eircuited adjust the potentiometer until the meter just reads
zero. This will enable us to read more accurately helow 0.5 volt.

So far we have said little about the main advantage of the diode
V.I.V.M . —the fact that it is self-calibrating. This is a considerable
advantage in that a d-¢ voltmeter is used for indication and the a-c
voltage is read directly on the d-¢ voltmeter seale. The accuraey of
this reading, however, is subject to considerable error, especially on
the low voltage range hecause the diodc resistance may be an
important percentage of the nieter multiplier resistance—and as a

19
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consequence the two will act as a voltage divider across the d-c¢
generated voltage. Were it not for this source of error, which may be
minimized by the use of a very high resistance voltmeter, we would
find ihat the readings on the d-c meter would correspond to the
average a-c voltage across the circuit under test, provided the current
drawr from the circuit did not introduce a further error. At higher
d-¢ voltages the diode V. T"V.M. d-¢ meter may read necarer to RMS
values of a-¢ voltage, and at still higher a-¢ voltage ranges— because
of the higher meter multiplier resistance—a value nearer to the peak
a-c voltage may be indicaled. No law can be given for this aetion
because it depends upon the frequency as well as the a-c voltage,
which is the penalty we pay for having a condenser in the input
circuit across which d-¢ current must flow. This effect is the same
as that called “time constant™ in a-v-¢ and resistance coupled
amplifier circnits. There are two nethods of surmounting this
difficulty. One is to follow the diode with another tube so that no
current will be drawn from the diode cireuit, and use this tube as a
d-c amplifier with a milliameter in its plate cirenit to indicate plate
current change. The other is to use a “slide back™ diode voltmeter
such as the circuit shown in figure 1C. The first inethod will be
discussed further under *Triode V.1.V. M., and the second method
depends upon a system of bucking out the d-c¢ voltage generated by
the diode. This is called a “slide-back” diode V.'T.V. M. As shown
in figure 1C a polentiometer is used across the filament hattery to
correct for “contact potential™ and an additional hattery is supplied
to furnish thie “bucking voltuge.”” In operation the test prods are
first short circuited and the filament potentionmcter varied until the
current through the meter is just reduced to zero with the meter
switch in the No. 1 position and the sliding arm of the bucking
battery potentiometer adjacent to the ground terminal. The test
prods may then be connected to the circuit to Le tested, and the slide
back polentinmeter adjusted until the meter aguin reads zero. The
meter switch is then thrown to thie No. 2 position and the d-c voltage
read on it wil be equal to the peak a-c¢ voltage measured.  Resistor

20

e




e odd

“R will, o course, be the meter multiplier resistor and c¢ondenser
“C” should be a 4+ mfd. or larger paper condenser.  T'lre only trouble
with this circuit is the difliculty of loeating the esact zero current
point and the necessity of having available a bucking voltage equal
to the peak voltage to be measured. [t is, however, recommended as
the best diode type of V.T.V.M. hecause in the truest sense of the



word it is self-calibrating, and because it does not draw current from
the circuit under test. This last advantage follows from the fact
that when the negative bucking voltage is exactly equal to the peak
positive voltage applicd to the plate, the V.T.V.M. circuit will have
an infinite resistance to the a-c voltage and no current will flow in
the diode from filament to plate (with the exception of the very small
current drawn to charge the plate to filament capacity of the diode—
which we may ignore for service work). We lhave mentioned “aver-
age,” “RMS” and *“peak” volts a-c and it may be well before going

N—— !
¥
PEAK AYG' Rvs_

ONE COMPLETE
CYCLE

FIG.ID

furtier to show how thesce three terms are related for a sinc wave
type of wave foru. The peak voltage of course means the voltage
between the zero potential point and the very peak of the a-c wave;
RMS volts is equal to .707 times this value; and average volts is
equal to .604 times the peak voltage. This relationship is shown
graplically in figure 11). In service work it is not imiportant which
of these readings we sccure, for most applications, as long as we
know what it is. Since all of our service meters are calibrated in
RMS volts and we must use RMS volts in mcasuring power, it is




somewhat of an advantage to have our V.T.V.M. calibrated in RMS
if 1 choice is to be made.

A further advantage to consider is the use of such & V.T.V.M.
circuit as will permit us to use the tube on a cable so that it can be
connected to the circuit under test with very short leads. This will
permit us to measure high frequencies with the miniruum amount of
error due to standing waves on the leads and capacity between leads
because the V.I.V. M. tube can be placed very close to the circuit
oart to be tested, and in most applications the leads need he only 2
or 3 inches long. T'o reduce still further r-f losses, a tube having a
grid connection brought out the top should be selected. If a diode
type of V. T.V.M. circuit is heing used, this grid as mentioned hefore
can be employed as the diode plate.

THE GRID RECTIFYING TRIODE V.T.V.M.

One of the most sensitive triode types of V.'T.V.M. is the grid leak
detector type shown in figure 2. This type of detector was very
popular before the introduection of the power detector and the more
recent diode detector. It may be considered a combination diode
detector followed by a d-c amplifier.  When an a-c siznal s applied to
the grid, rectification takes place during the positive half cycle, and
the rectitied grid current flowing through the grid leak biases the grid
negalive.  This negative grid bias rednces the plate current and a
willammeter in the plate eircuit may be ealibrated to read the a-c
voltage appearing on the grid. It is one of the most seusitive types
of V.T.V.M. besides having the advantage that the meter in the
plate circuit reads maximnn with no sigual appiied, and therefore
the meter cannot be damaged by the application to the grid of too

lurge an a-c sign I'lie grid leak may be made very large (on the
order of 3 to 10 megolims) so the loading on the cireuit under test

will be small. A further advantage derived from the use of a high
resistance grid leak is that the grid condenser may be smaller in
{ capacity and therefore also smaller phiysically. This type of V.T.V.
la M. is usually equipped with a single pole double throw switch so that
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the grid leak may be used in paralle
measuring d-¢ volta

I with the grid condenser for
1¢3, or hetween grid and ground for a-c measure-
ges,

ments.  When the grid leak is connceted from grid to ground, the
. 1 v - P 'S to
condenser will block d-¢ voltages and permit only a-c¢ voltage

reach tlic grid. ‘ ;
load the circuit under test somewhat; it h
quency diserimination (due to the use

The main disadvantages of this type are that it does
as to a small extent fre-

of R and C in the input

cireuit): and it has a rather limited voltage range unless a voltage

Ce =

-] me

~~ursa introduces

difference hety een the first an second higs voltages is the value of
peak a-¢ voltage across the test prods.  Resistor RM is th meter
multiplier resistance,

In general the slide back V.. V.M may be considered tle best of
those t+pes that do not requirg calibration. Iig major dis:u]van(ngc
i5 that .1 relatively Lacge slide-haek voltage must he provided if the
Imstrument s (o by nsed for radio sery ¢ work, and (hjy requires an
additiona) switching syvsten to insert diffe 't values of meter
multiplier re istors in the creuit if good meter aceuracy js to he
realized.  A-C yp l-e voltages tween .25 and 13 volts may he
measured with the cireniy shown in figyre 2B with good u uracy

The plate rrent variation for g emaaput voltage op ¢ rrid
Is proportiong] to the mutng] conductanee of the tube type use In
choosing he tube type for (his purpose other faetors sueh as shield
ing, input pacity, plate to erid capacity and positj m of the grid
lead muy e constdered Sereen grid types may also be used as
triodes 1y conuecting plate, sereen and suppressor rids together.

THE REFLEX TYPE V.T.V.M.

The circuit wn in figure 2C ill be more familiar to servicemnen
as the power <efe ‘tor in whic, conneclion it was used very exten-
sively as o ( tector for orf goqg and as a secong detector for carly
model super-hcterodyne p ivers Letween 1927 and 1931, 1y i called
@ “Reflex type VTV N> ceause the plage current is made o
return to the ¢ithode through a resjstor which is common to both
the grid and plate eireuits The effect of this resistor is to increase
the bias with aa increase in Plate current. A i consequence the
instrument gs VLT V.M. or as 4 seeond detector ean iy ndle g larger
signal withoyt ovm‘-louding or drawing grid current. This is valuable
ina V.T.v )y, lLecause it gives the instrument , greater voltage
range without recaurse to the use of voltage divider resistors. If the
proper type of tuie jg used it will 4dq very little capacity and no
resistance Joad to the circuit under test. The cathode resistor and
the plate must be well by-passed to ground with paper or mica
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condensers large enough to have very small reactance at the lewest
frequency to he measured—usually 30 eycles per second.

The reflex type V.F.V.XL circuit shown in figure 2D has provision
in the plate circuit to reduee the no signal plate current to zero. This
permits the use of a more sensitive meter and makes it possible to
read smaller plate ecurrent changes, which means that smaller voliages
may be measured with the instrument. With a 0-200 microammeter
in the plate circait, a-¢ voltage as low as (-1 volt applied to the grid
will produce a 1 to 3 microampere plate eurrent change— depending
upon the type of tube used. The plate eurrent change with applied
o-¢ grid voltage s not uniform over the entire meter range, so
consequently this type of V.'INV.M. must be calibrated. It has so
many other advantages, however, that it is probably the niost
popular type of V.T.V.M. circuit in use today. A large number of
cireuit variations are possible with this basic type.

The three types of V.T.V. M. circuits mentioned so far (the Grid
rectifving. Slide-back and Reflez) are the most important basic ones
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using a triode type of tube. There are three other types, however,
which we will include lhere because they are interesting from a eireuil
standpoint and very useful for special applications.

THE INVERTED TRIODE TYPE V.T.V.M.

As the name implies, the inverted type V.T.V.M. employs the
plate of the triode as the control element and the grid is used as the
electron accumulating element.  The instrument employs a low
drain filament type tube with a 0-200 or 0-500 microammeter. A
small positive potential is applied to the grid as shown in figure 2E,
and the rheostal is adjusted Lo give a zero signal grid current of 200
or 300 microamperes. This also adjusts the filament voltage to the
correct value. If an unknown d-¢ voltage is now applied to the plate
with the plate connecled to the negative terminal of the unknown
voltage source, this negalive potential will prevent some of the
electrons from reaching the grid and will thus reduce the grid current.
The use of a series condenser and high resistance leak from plate to
ground will also permit this type of V.'I.V.M. to be used for measur-
ing a-c voltages.

28

-



T v W e

The necessity of using a scnsitive meter in the grid circuit of this
type of instrument is a scrious disadvantage for service work. It
must of course be calibrated before it can he nsed.
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THE MOULLIN TYPE V.T.V.M.

One of the earliest types of V.T.V M. to become popular was the
Moullin type, the eirenit of whicl is shown in figure 2. It was for
some time the standard for laboratory use and the term “Moullin
Voltmeter™” was used to indicate vacuum tube voltiueters in general,

Althougl it requires too sensitive 1 meter to be useful for general
radio service werk, it has the advantages common to the inverted
type of V.T.V.M.—i.¢., adjusting the mcter to zero witii the rheostat
automatically adjusting both the filament and plate voltages to the
correct value, The response of the plate current meter to applied
grid voltages is linear for most of the seale, but the effect of the tube’s
spaceicharge introduces non-linearity at the low voltage end that
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makes it neeessary to calibrate the instrument. The effective plate
voltage is usually on tle order of one or two volts, so that the voltage
range of the V.T.V.M. is rather liwmited.
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THE INFINITE IMPEDANCE DIODE V.T.V.M.

The infinite impedance diode V.T. V.M. shown in figure 2G is really
another version of the reflex type or power detector eircuit. The
main difference between the reflex type and the infinite impedance
diode is that the by-pass condenser is climinated from the eathode.

This permits a large degree of degeneration since the cathode resistor
is really the plate load, and being common to both plate and grid
eircuits permits the tube to handle very large input signals without
over-loading. This advantage is secured by sacrificing sone of the
low voltage sensitivity of the instrument, however. Another dis-
advantage is the fact that there exists a-e currents in the eathode
circuit, (these are eliminated by the by-pass condenser in the reflex
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type V.T.V.M.) that makes it very difficult, if not impossihle, to use
the tube on the end of a cable so that the tube may be used with very
short leads for Ligh frequency work., This fact must be kept in mind
if the V.T.V.M. is to hec useful for television work.
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The Electric Eye Vacuum
Tube Voltmeter

There are many good types of vactuum tube voltmeters on the
markel made by reputable manufacturers whose prodocts wonld he
valuable additions to the test cquipment of any radio service shop.
These units are rather expensive, however, because good workman-
ship and « sensitive meter are necessarily costly. Tu order to make
available to the servieeman an aceuride, rugged low cost vicnum
tube voltmeter which the serviceman ean build and calibrate himself
at a very low cost, the following constructional article is published,
No meter is required for this instroment so it will withstand a great
deal of abuse both clectrically and wechanieally with little fear of
damage.  Most of the parts required for this vacunm tube voltmeter

are availuble from the average serviceman’s parts stock.  The thne
required to baild this instrnment is small and servicemen will find it
a useful device to assist them in the diagnosis of many radio receiver

troubles.

The vacunn: tube voltweter to be deseribed is a modification of the
reflex Lype ewploying a culibrated potentiometer and a type 6E3
tuning indicator tube in place of the usnal microammeter.  In
addition to redacing the cost of constrnetion, this circuit provides g
very important wdvantage in that the low voltage end of the scale
most used and where greatest accurney is desirable is spread out so
that the range from 0 to 8 volts oceupics approximately one half the
scale and the balance of the range oceupies the other half.

The voltage range of the V.UILV.ML s from 001 volt to belween 100
and 200 volts depending upon the plate voltage of Type 61°5 tube. In
service use it wili he found more practical to make use of voltage

I
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divider resistors aeross the input of the Lube to extend the voltage
range, sinee the calibrations become crowded above 50 volts.

The frequency range of the instrument is from helow 60 cycles per
second to some higher frequency which will depend upon the length

of the leads from the prod tube to the voitage source, the capaeity
between these leads and the impedanee across which the voltage is
! being messured. To rliminate the eliect of stanling waves on the
input leads and the capacity between them the prod tube is pluged
oh the ewd of a cable s the tube nrey be wsel very elose to the voltage
souree with correspondiogly shart leads and low v-f loss. This
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permits voltages on the order of 18 to 20 megacyceles to be measured
with accuracy more than sufficiend for general serviee work. At
frequencies above this figure the loading effects of the tube's input
capacity and the effect of cicetron transit time will introduce an error
that is a function of the voltage source impedance,  For serviee work

this error is not unreasonably large, however, at any frequency en-
countered in radio receivers since in most instances the VTV,
prod tube will be used across a tuned circuit to measure voltages in
place of a tube having an equal loading effect.

o,

The photographs show front view, and the chassis view of an
Electric Eye Vacuum Tube Voltmeter. "The simplicity of the cireuit
together with the fact that the location of parts and leads is not
critical makes it very easy to build this VIV, into any type of
cabinet that may be at hand,  R-1" currents are confined to the prod
tube and socket assembly so it is not necessary to employ a shielded
case for the main unit.  The sloping panel has much to recommend
it from a standpoint of case of operation and convenience in reading
the calibration.
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The V.T.V.M. consists of a power supply; simple resistance-
upacity filter, voltage divider net work, electrie eye indicator tube,
calibrated potentiometer and Type 6F5 prod tube mounted on the
end of a 5 wire cable. The power transformer consists of a primary;
6.3 volt sccondary to supply 0.6 ampere of current for Types 615 and
GIS5 hieaters; 5 volt secondary for the Type 80 rectifier tube and a 650
volt center tapped high voltage secondary rated at 40 ma. This is the
standard 4-tube midget transformer and hecanse only 50% of ils
s being used it will run very cool in

maximuim power capahilities
operition.  The two 8 mfil, electrolytic condensers shown in the
diagram should he rated at 430 working volts to insure long life and
good performance. The filter resistor may be either a 2-watt carbon
or wire wonnd type. The 20,000 ohm resistors in the voltage divider
net work should also be rated at 2 watts, The two 1 megohm and the
5 megohm resistors may be of the 14 or 1{ watt carbon type. Wire
wonnd potentiomelers should he used to insure long life and accuracy
of the voltage ealibration.  The two 100 nuf mica condensers used
at the sockel of the prod tuhe nust be soldered to the proper termi-
nals with the shortest possible leads, to climinate high frequency
error.  These two condensers keep the high frequency currents ont
of the 3-wire cable and make it unneeessary to use a shielded cable,

THEORY OF OPERATION

When the instrument is first turned on the input leads to the prod
tube are short eirenited and the Type 615 cathode potentiometer is
turned so that the sliding arm is adjacent to the Type 6F5 eathode.
The pointer should then Le at the lower left hand end of the scale if
the potentiometer has heen connected properly.  The shadow of the
Type 6E5 is then adjusted by varying the 3000 olini potentiometer so
that it just closes and leaves only a hair line of darkness between the
two “wings” of light. Under these conditions the Type 615 plate
current flowing through the 50,000 ohm cathode potentiometer will
make the cathode 8.5 1o 4.0 volts positive with respect to ground.
The Type 6195 grid will therefore have a 8.5 to 4.0 volt negative bias.
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We know that the Type 6E3 requires approximately 8 volts negative
grid bias to close the “wings™ and since it is connected to s potential
source of say 4 volts positive the cathode of tie Type 6LE5 must
then be 4 plus 8 or 12 volts positive. When the two test prods are
connected across an a-c¢ voltage source the Type 615 rectifies this
a-¢ voltage and the average plate current inercases. This produces
a greater IR drop across the 51,000 ol eathode potentiometer
which reduces the negative hias on the Type 6E5 causing the wings
to open. If the Type 6% potentiometer slider is now turned toward
the grounded end a point will be found where the Type 6155 grid
will again receive a minus 8 volt bias and the wings wil again close.
Il a known voltage (for example 2 volts) was applied Lo the grid of
the Type 613 tube to cuuse this action, the point on the scale where
the eye just closed can be marked 2 volts and thereafter when au an-
known voltage makes it necessary to adjust the potentiometer to this
point, the operator will know that a 2 volt signal is being measured.
The purpose of the T megohm resistor in series with the grid of the
Type 615 tube is to prevent excess grid current from flowing in the
event a large a-e signal is applied to the prod tube when the potentio-
mcter is adjusted for u small signal. This safety feature mukes it un-
newssary to anticipate the approximate amplitude of the unknown
vollage.

Direct current voltages ure measured by connecting the positive
sile of the unknown voltage to the grid of the prod tube. This is
necesszrily true because the tube is self-biased almost to cut-off
under normal conditions und if a further negative voltage is applied
to the grid there will be little if any change in plate enrrent.

Inasmuch as it is felt that most servicemen will wish to use as many
parts as possible from their present stock and will prefer Lo use many
of their vwn ideas in the econstruction of this vacuim tube voltineter
no detailed layout specifications are made availsble. . The photo-
graphic illustrations tell most of the story, however. "T'he third knob
seen in the front view is the on-off switeh and the two extra tubes
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shown on the right hand side of the chassis were included to test out a
method of line voltage regulation.

Fhe scale for the VIV M. may be engraved on a hard rubber or
aluniinum panel, or a heavy paper eard may be used and the calibra-
tion made with India ink. [f the paper card is employed, it should be
painted after calibration with elear lacquer or covered with a sheet
of celluloid, to keep the seale elean.  The diameter of the seale should
be made as large as the panel of the instrnment will permit to
facilitate calibration and for case in reading. A wire or celluloid
pointer long enough to cover the calibration should be fastened to
the 50,000 ohm potentiometer knob in sueh a manner that there is no
possibility of it hecoming loose and thus giving a false reading.

METHOD OF TESTING V.T.V.M.

Before starting the actual work of calibrating the scale of the
V.T.V.M.,, make the following tests to be sure the instrument is
working correctly:

1. Measure the Type 615 plate voltauge—any value between 270
and 350 volts will give satisfactory operation. Insert resistors in
serics with 5.0 and 6.3 volt sccondaries, if nceessary, to secure proper
voltage on the tubes. Measure the Type 615 target voltage and if
necessary change the values of the voltage divider resistors to secure
180 to 250 volts on the target.

2. Ground the Type 61°5 grid and turn the 50,000 olim potentio-
meter to the extreme counter-clockwise position (zero voltage position
on scale). This should place the sliding contact adjacent to the Type
61°5 cathode terminal, and it should be possible to “close” the electric
eye by adjusting the Type 6E5 cathode (3000 ohm) potentiometer.
Pick a Type 6155 tube that gives a clean straight edge to the shadow.

3. With the eye closed as above, remove the ground connection
from the Type 6F5 grid. Be sure the grid connection does not touch
anything (except the 5 mecgohm resistor). The position of the two

N

shadows on the Type 6E5 should change very little if at all. Try
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several Type 61°5 tubes if necessary to sccure this result. Usually
an old Type 6175 that has been used several hundred hours in a radio
set will give the most stable operation.

4. Connect the Type 61°5 grid lead to the positive termical of a dry
cell and the negative terminal of the battery to ground. The eye
should open and it should take approximately a 60 degree turn of the
50,000 ohm potentiometer to close it.

Ov. —  °
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FIGURE 4A

5. With the above set-up and the eye within a hair's width of
being closed, disconnect and then reconnect one terminal of the 8
mfd. condenser located in the cathode circuit of tiie Type 61°5. With
a condenser having low leakage there should be very little change in
the position of the Type 6E5 shadow.

CALIBRATING D-C SCALE

Connect a series of batteries to a 25,000 or 50,700 potention:eter
and multi-range voltmeter as shown in figure $4A. A well filtered
“B* supply may be used in place of the hatteries, but if any a-c ripple
appears on the d-¢ component a false reading will result—since the
V.T.V.M. will measure the combination of the a-e and d-c voltages.
Use the low voltage range of the d-c voltmeter and adjust the battery
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potentiometer to give 0.1 volt reading on the d-¢ voltmeter. This
will cause the eye to open if it has previously been adjusted to zero.
Turn the 50,000 olin potentiometer on the V.T.V.M. until the eye
just closes and mark 0.1 on the scale under the pointer. Continue
the calibration in 0.1 volt steps up to 5 volts, changing the battery
tap and the meter scale when necessary.  Calibrate every 0.2 volt up
to 10 volts; then every .23 volt up to 15 volts; then every .5 volt up
to 20 volts; then every 1.0 volt up to 40 volts: then every 2 volts up
to 40 volts: then every 5 volts np to 70 volts: then every 10 volts up
to 100 volts; and then every 25 volts up to the maximnn voltage
capability of the VIV M —which will depend npon the plate

Hov AC

FIGURE 4B

voltage of the Type 65 tube. The calibration for d-c voltage should
be made on one side of a circular line previously drawn on the panel.
The calibration marks should not be drawn so as to cross this line or
they will interfere with the a-e calibration marks whicl are to be
made on the other side of this line. 1n using the various meter scales
on the d-¢ meter always use the scale that will permit the reading to
be made as uecar full scale as possible, as this will give the best

aceuracy.
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CALIBRATING A-C SCALE

The a-c¢ scale is calibrated in the same manner as the d-c scale
except a transforrier is used across the a-¢ fine as a voltage source,
and of course an a-c¢ meter must be used. A good arrangement is
shown in fignre 4B, A standard power transformer is use!l with the
low voltage sccondarics connecied in series, and half of the high
voltage sccondary is used. [n connecting the secondaries in series,
be sure they are connected so that the voltages add instead of bucking
each other. As in the case of the d-c calibration, start with 0.1 volt
steps and allow larger voltage steps bhetween calibration poiots as the
scale becomes crowded.

Line voliage variations, if severe, will cause some loss in aeenracy.
This can be reduced if the Type 615 grid is grounded and the 3000
ohm potentiometer adjusted to close the eye when the 50,900 ohm
potentiometer is set at zcero on the scale several times during the
calibration period. This is also a good precantion during long
periods of use.

Mark the d-c¢ scate with the letters “D.C.” to prevent possible
mistakes in the future. A very good method of avolding confusing
the two scales is to use different colors for eaen—such as white for
d-c and red for a-e.
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Use of the Electric Eye Vacuum
Tube Voltmeter

The vacuum tube voltmeter is one of the most versatile and useful
instruments for laboratory and service shop use. 1t is not, however,
a tool that can be used without regard for its limitations, or the
results may be subjcct to serivus error. It is less simple and con-
venient to use for some types of voltage measaring than the moving
coil type of voltmeter, and where this latter type of meter can be
used, it is to he preferred to the V.T.V.M. For measuring d-¢ volt-
ages across high resistance eireuits where it is not permissable to use
an instrument that will draw current from the eireuit and for r-f
measuring work, the VUV ML is in a class by itself and is in many
cases the only instrument that can be nsed.

It has been so long since wost of us learned to use a d-¢ voltmeter
that we tend to forget the number of times we used the wrong seale
and either hent the pointer (if nothing worse happened) or got no
reading at all, and the number of times we secured a reading that
meant nothing to us hecause we did not know how to interpret it,
lacking knowledge on what reading to expect as normal for the
voltage condition we were trving to check. The V.TI.V.M, by the
very naturc of its purposec—incasuring voltages across high im-
pedances and at radio frequencies—necessitates more care and
knowledge in its application than the simple d-¢ meter.  For tiis
reason this scries of articles is being concluded with data on the
correct use of the V.'T. V.M. in service work,

In addition to the study of this material, the servieceman is urged
to experiment on several different types of radio scts known to be in
good working condition so that he will be familiar with the results to
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expect when testing a questionable sct. It is especially recommended
that each suggested test deseribed in the following pasagraphs be
actually made by servicemen on radio receivers known to he working
properly, before an attcmpt is made to dizgnose a reeeiver in im-
perfeet condition. This will make it much casier to interpret the
future readings sccured with the aid of the V.T.V.M.

USES AND APPLICATION

The audio frequency «nd of a radio receiver, hecause of the lower
frequencies involved and the higher voltage available, presents the
simplest point ct which to start learning the proper use of the
V.T.V.M. The eircuit shown in figure 5 is typical of what may be
encountered in a modern radio receiver, audio sectiou. The following
stage by stage measurcments will show how this end of the receiver
may be analyzed with a VTV

TESTING SECOND DETECTOR CIRCUIT

Diode Section The Jiode reetificr separates the a-f ecomponent
from the i-f carrier, and since we are interested in only the audioe
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circuit for the time being, we wish Lo determine all possible sources ot
a-f loss and investigate cach one in turn.

(1) I-F Filter:

The purpose of the 50,000 ohm resistor and 100 uuf. condenser
aliead of the diode load resistor is to filter the i-f signal from the audio
(and a-v-c voltage) to prevent this i-f voltage from reaching the grid
of the Type 6Q7G tube. If any quantity of i-f signal reaches the Type
6Q7G grid, it will cause the tuhe to overload at low audio levels and
cause distortion. Likewise, if any of the a-v-¢ voltage reaches the
Type 6Q7G grid, it will bias the tube toward eut-off and cause
distortion. To check the effectiveness of the i-f filter (50,000 ohm
resistor and 100 puf. condenser) conneet the V.’ V.M. to the control
grid of the Type 6Q7G—this demonstrates one convenience of the
V.T.V.M. mcthod of testing.  Many tests can be made from the top of
the chassis. Also, the most important reason for testing at the grid of
the Type 6Q7G is heeause we want to know how wmuch i-f signal is
gettimg through to the grid. We could test at the junction of the
50,000 ohm resistor and the condeunser, but even if we found some i-f
at this point, it would not prove that the grid was gelting i-f voltage
becanse the distributed capacity of the wiring, the .61 mfd. by-pass
condenser and the volume control might filter it out (as a matter of
fact, in some low priced sets this distributed capaeity is depended
upon to do this very thing). An unmodulated signal from a test
oscilkutor is tuned in on the receiver and any voltage appearing on the
VEAVDML will be i-f voltage. It is well to listen to the speaker during
this test to be sure there is no other signal such as hum or liss coming
through since these false signals will of course reach the grid of the
Type 6Q7G and cause a false rending. Thisis one case where a shielded
room is of great value. The effeet of noise and hum can be reduced
to a large extent by increasing the signal strength at the oscillator
80 that a large u-v-c voltage is built up to reduce the sensitivity
of the receiver. The test prod grid (61°5) of the V.T.V.M. should
be connceted through a small mica condenser on the order of 250
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unf. capacity to avoid measuring any a-v-c voltage that may be
leaking throngh the .01 wfd. coupling cond.n~er.

(2) A-F Blocking Condenser:

Assuming that the i-f filter is satisfactory, remove the 250 uuf.
condenser from the test prod grid of the V. T.V. M. and with a strong
signal still applied to the input of the receiver, connect th e test prod
direct to the Type 6Q7G grid to sce if any d-e voltage appears on the
Type 6Q7G grid. The ground lead of the V. T.V.M. should Le con-
nected to the chassis in each case. To prevent a false reading due to
noise, hum, etc., from cifecting the readings, connect an 0.5 mfd.
paper condenser known to be free from leakage across the input of the
V.T.V. M. This will by-pass any a-c and if o few seconds are allowed
for the condenser to charge up before a reading is attempted, the d-e
voltage will not be atfected. A leaky condenser will make the wings
of the V.'I. V.M. clectric eye overlap beceause the a-v-c voltage will be
pegative. Even if the leakage is small the condenser should be
replaced because a leaky condenser is apt to cause trouble at a
later date.

(3) A-V-C Network, A-F Filter:

The .02 mfd. condenser and 2 megohm resistor comprise the a-f
filter to prevent any a-f voltage from being ied back along the a-v-c
circuit. The effectiveness of this filter can be checked by connecting
the V.T.V.M. prod tube grid through an 0.1 mfd. paper condenser to
the junction of the .02 mfd. condenser and 2 megohm resistor with a
strong modulated signal fed into the receiver from a test oscillitor.
No voltage should appear on the V.I.V.M. under normal conditions.

TRIODE (OR PENTODE) SECTION
(1) Cathode Resistor and Condenser:

The voltage drop across the catliode resistor may be cliecked by
either a d-¢ voltmeter or the V.T.V.M, This will indicate the amount
of grid bias on the Type 6Q7G tube. The condenser across this resistor
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may be very easily checked without removing it from the circuit.
To check this condenser we need only connect the V. I.V.M. across it
and feed a low frequency signal into the grid of the Type 6Q7G tube.
A low frequeney is specificd because a condenser is less effective at the
lower frequencics and therefore if the condenser tests satisfactory at
the low frequencies it issure to be effective at the higher frequencies in
the a-f band. An casily sceured low frequency source is a voltage
divider across the 6.3 volt heater winding of the power transformer.
Apply a 60 cyele voltage equal to about 50 ¢ of the d-c bias to the
grid of the Type 6Q7G. For example, with the constants shown in
figure 5A an a-csignalof 0.8 to 1.0 volt is satisfactory and the voltage
may be fed to the grid through an 0.5 wfd. condenser to avoid any
complications due to the fuct that the heater may be operated above
d-c ground potential for some biasing purposes.  Becanse we do not
want the d-c¢ voltage drop across the cathode resistor to appear on
the V.IV. M. prod tube an 0.5 mfd. condenser should he connected
in series with the grid of the V.T.V.M. prod tube. If the cathode
by-puss condenser is cffective no voltage will be readable on the
V.T. V.M.

(2) Screen Grid By-Pass Condenser:

If instead of a Type 6Q7G tube we have a Type 637 or Type 6B8G
tube as a second detector the screen by-pass condenser may be tested
in the same way with the same set-up, since its function is the same;
to by-pass any a-¢ voltage that may appear on the screen grid.

(3) Stage Gam Sl

Returning to a consideration of the 'l vpe (‘»Q4G circuit, we can test
the gain of this stage by introducing a measurable a-c voltage—such
as 0.5 volt into the grid circuit from the a-c line just as we did for
testing the cathode by-pass condenser, and measuring the a-¢
voltage appcaring ucross the plate load resistor. A voltage from
the a-c line is recommended to avoid the possibility of wave form
errors that may result from a poor wave form from a test oscillator.
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The output voltage divided by the input voltage is the stage gain.
The 0.5 mfd. condenser recommended in the previous test should be
used in series with the V. T. V.M. grid to avoid the affect of the d-e
plate voltage. The volume control should of course be on “‘maxi-
mum’’ during these tests.

(4) Plate to Grid Coupling Condenser Capacity:

To check the .004 coupling condenser for capacity, leave the a-c
signal on the Type 6Q7G grid as before and move the V.T.V.M. 0.5
mfd. condenser from the plate terminal of the Type 6Q7G to the grid
terminal of the Type 6C8G. The gain should be very nearly the
same (within 10 to 20 per cent, usually) on most receivers. If a larger
condenser is substituted for the .00+ mfd. unit to incrcase the low
frequency gain, it may he necessary to place a larger filter econdenser
in the power pack to keep the overall receiver hum within reasonable
limnits.

(5) Plate to Grid Coupling Condenser Leakage:

T'o test the d-¢ leakage of the .004 mfd. condenser, connect the
VUTLV.M. prod tube grid direct (without the 0.5 mfd. blocking
condenser) to the grid of the Type 6C8G tube, and remove the Type
6Q7G tube from the socket. Removing the Type 6Q7G tube from
the socket does two desirable things; it eliminates any noise, hum or
signal, that may be picked up by the receiver, from reaching the
V.T.V.M., and it removes the IR drop from the 0.5 megohm resistor
caused by the Type 6Q7G plate current. If any voltage appears on
the V.T.V.M. the condenscr is leaky. As an example, suppose the B
supply is 300 volts, the leakage current through the .004 mfd. con-
denser may be one microampere, the voltage drop across the 1
megohm resistor will then be .000001x1,000,060 ohms=1 volt
(E=1IxR). Such a leakage biasing the Type 6C8G grid positive by
1 volt would seriously limit the undistorted signal level that could
be amplified, and unbalance the phase inverter circuit. A leakage
of one tenth this value is as much as should be permitted.
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(6) D-C Plate Voltage:

To mecasure the d-¢ voltage on the plate of the Type 6Q7G tnbe,
“and conneet the V.T.V. M.
from plate to gronud and read the d-e voltage direet on the VPV
The Type 6Q7G tube must be in the socket during this test.

turn the volume control to “minimuam’

(7) Plate Circuit Decoupling Filter:

The 40,000 ol resistor and + mfd. condenser in the plate eirenit
of the Type 6Q7G forms an additional filter in the B supply to help
eliminate hum. To test its effectiveness, measure the a-e voltage
appearing between the B supply end of the 40,000 ohim resistor and
ground, using an 0.5 mfd. condenser in series with the prod tube grid
of the V.ILV.M. to eliminate the B supply d-¢ voliage. The a-¢ voll-
age appearing on the VT V.M should be very small. Then measure
the a-¢ hum voltage under the same circumstances appearing across
the § mfd. condenser. 1t should be so small as to he unmeasureable
with the V.T.V. M. If an a-e voltage is detected, the + mfd. condenser
is defective or of too low a value and should be replaced.

(8) Decoupling Condenser Leakage:

To test the + mfd. condenser for leakage, remove the Type 6Q7G
tube from the socket, and the 0.5 mfd. condenser from the prod tube
grid, and measure the d-¢ voltage between cach end of the 40,000 ohm
resistor and ground. If there is no leakage in the + mfd. condenser
the voltage will be the same at both ends of the resistor. With an
electrolytic condenser some small leakage is to be expeeted, and the
two voltages will therefore not be equal. Since the “B” supply
volt ige is higher than the range of the V.T.V.M. it will be necessary
to connect a 20 megohm resistor in series with the grid of the prod
tube of the V.'T.V.M. This 20 megohm resistor in series with the 5
megohm resistor already in the eirenit between prod tube and ground
will provide a voltage divider network ahead of the V.T.V. M. and the
reading of the V. T.V.M. must be multiplied by 5 to secure the proper
reading. A little experience in testing varions makes of electrolytic
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condensers will indicate the amount of leakage to he expected as
normal with each make.

A glance at the schematic diagram in figure 5A will show that we
have now tested every part of the Type 6Q7G circuit under actual
operating conditions without removing them from the circuit. The
various parts used in the Type 6C8G phase inverter circuit should
next be tested in exactly the same way.

TESTING PHASE INVERTER CIRCUIT

The phase inverter circuit shown depends for its correet operation
on the fact that an a-¢ voltage in the plate circuit of a vacuum tube is
180 degrees out of phase with the a-c voltage in the grid circuit. This
is one fact in our tests that we may safely assume to be corrcet
(although it too may be tested with a V.IV.M). To get the two
output tube grids 180 degrees out of phase with cach other. the signal
from the top outpul tube is put through an extra tube (or ome
section of a duo triode, as in Lhis case). Naturally we want the a-c
voltage appearing on the two output tube grids to be equal in
amplitude as well as heing out of phase with cach other. To sccure
this result, only a portion of the signal applic. to the top output tube
is applied to the second section of the duo triode. The ratio of the
voltage applicd to the phase inverter tube compared with the total
voltage available should equal the voltage amplification of the tube
being used as a phase inverter. The voltage implification tigure may
be found by actually measuring the gain ot the top scction of the
Type 6CSG tube. The test we are most interested in however is to find
if an equal voltage is heing fed to each output tube grid. This may be
determined by any one of four measurements if all other purts are
known to be good. The result of these tests should show that:

A. The a-c signal betwcen cach grid of the Type 6C8G tube and
ground should be cqual.

B. The a-c signal between each plate of the Type 6CsG tnhe and
ground should be equal,
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C. The a-c signal between each grid of the output tubes and ground
should be equal.

D. The a-c¢ signal helween each plate of the output tubes and ground
should be equal.

Only one of the above tests need be made and C is to be recom-
mended as this tells us just what we want to know. A difference
of 10 per cent or less in the two a-c¢ output tube grid voltages may
he considered as satisfactory since cven a 10 per cent unbalance
will not cause a noticeable inerease in distortion.

POWER SUPPLY

Aside from the B-plus and heater supply voltages, which may he
measured with the moving coil type of voltmeler, we are most
interested in measuring the amount of a-c ripple appearing across
the two filter condenscers since this is an indication of their effective-
ness. An 0.5 mfd. condenser should be used in series with the grid
of the V.T.V.M. prod tube to climinate the d-¢ vollage normally
across the filter condensers. The a-c¢ voltage appearing across cach
filter condenser will vary from one make of set to another due to
ditferences in the inductance of the ehoke coil, power transformer,
high voltage sccondary voltage and current drain through the choke
coil so that experience must be acquired from testing many reccivers
before this test will he of maximum value. As an example of what
a-c voltage may he expected across the filter condenser nearest the
rectifier, a typical power supply was measured with different size
electrolytic condensers in the first condenser position, and the
resulls are tabulated helow:

Capacity of 1st condenser:

+ 08 12 16 20 24 mfd,
A-C voltage across condenser:

S22 18 13 10 8 volts

The sccond condenser in the above test was 8 mfd., the B-plus
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voltage 850 d-¢ volts and the current through the choke was 110
milliamperes d-c.  The a-¢ voltage measured across the second filter
condenser will of course he very much less under normal conditions.

If the user has had some expericnce on audio frequency measuring
work with the V.T.V.M,, he should have little trouble at higher
frequencies providing due cave is cexereised to keep the V.T.V.M.
leads short.

TESTING OSCILLATOR VOLTAGE

The local or lieterodyning oscillator in a super-heterodyne receiver
is very easy to test from the top of the chassis by connecting the
control grid of the V.INV.M. prod tube to the stator plates of the
gang condenser oscillator section.  While the V.T.V. M. is coaneeted,
rotate the gang coudenser and check the voltage continueusly on
each band. There will be seme variations on cach band and hetween
bands—this is normal. 1f a point is ohserved where no volta e exists
or an extremely small voltage is found, the oscillator circuit should be
inspected for ecoupling between coils, for dampness, shorted turns, or
other defects. In a few special oscillator cireuits a d-c voltage will
also be present between the gung condenser stator plates and ground.
In these instanees it will he necessary to use a miea condenser in
series with the V.'T.V.M. grid.

MEASURING ANTENNA COUPLER GAIN

The operation of the antenna coil, r-f stage and converter circuits
are very important for proper receiver performance. It 1s these
circuits that give the receiver much of its gain, all of its image
suppression, and a large pereentage of its selectivity. But equally as
important, these cireuits determine the noise-to-signal ratic of the
receiver.

Improper alignment or low efficiency in this end of the receiver
will cause the signal to be received with so much hiss that it can not
be enjoyed. When this condition exists and proper alignment will
not correct it, it will usually save time to start at the antenna and
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measure the antenna coil gain, r-f stage gain, and converter gain to
locate the exact seat of the trouble.

If a test oscillator is connected to the antenna and ground leads of
the antenna coil, a voltage can be measured across the secondary if
the gang condenser is tuned to the oscillator frequency. This will
not give us an idea of the voltage step up in the coil unless we know
the voltage appearing across the primary. If we attempt to nieasure
this primary voltage, it will usually be so small that an accurate
reading can not be secured.

It is obvious that we either need a higher output from the test
oscillator or an amplifier on the V.T.V.M. If we place a t-r-f ampli-
fier ahead of the V.T.V.M. we will find that the gain of this stage
will vary with frequency and cause error. A t-r-f amplifier following
the test oscillator to build up the output voltage, however, can vary
with frequency and it will not affect our results because in every case
we will measure the voltage after it has passed through the oscillator
amplifier. A further advantage of such an arrangement is that the
amplifier will filter out the harmonics of the oscillator.

A two stage r-f amplificr can be built very easily using plug-in
coils to change frequency ranges with a Type 6K7G or equivalent
type of tubes. The attenuator on the test oscillator will serve as a
volume control and with this set-up we can put a convenient value
such as 0.2 volt across the antenna coil primary, and then move the
V.T.V.M. connection to the secondary and measure the voltage at
that point. If, for example, a reading of 4 volts is obtained, the gain
of the coil is + divided by 0.2 or 20. This measurement can be made in
a few minutes from the top of the chassis.

TESTING WAVE TRAP CIRCUIT

Most receivers that operate without an r-f stage use a wave trap
in the antenna circuit to reduce the interference caused by unwanted
signals at the i-f frequency. If the resonant frequency of this circuit
changes, it will not only allow these interfering signals to pass, but
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may resonate near a desired signal and reduce or eliminaie it. To
test this circuit use the test oscillator with the t-r-f amplifier con-
nected between the antenna and ground leads of the receiver and the
V.T.V.M. connccted across the antenna coil secondary. As the test
oscillator and t-r-f amplifier are tuned through the i-f frequency of
the receiver, the voltage on the V./I.V.M. should go to minimum.
If the minimum response is found to be at soine other frequency than
that of the i-f stage, the wave trap should be retuned so that the
proper effect is secured.

MEASURING STAGE GAIN

Stage gain is measured from the grid of one tube to the grid of the
sueceeding tube. To measure the gain of the r-f stage in & receiver,
for example, a predetermined signal such as 0.2 volt may be intro-
duced into the grid circuit of the r-f tube by connecting the test
oscillator across the antenna coil secondary. The V.T.V.M. is then
connected in place of the converter tube aml the resulting voltage
at this point, divided by the initial voltage (.2 volt), is equal to the
gain of the stage at the frequency to which the test oscillator and
receiver are tuned.

Because the test oseillator is not loaded appreciably by this type
of test, the average test oscillator will furnish sufficient voltage
output to be measured by the V.LV.OML and the ter-F amplifier will
not be necessary. Because the converter tube is not in the circuit
during this test, no a-v-c voltage will be built up to reduce the gain
of the r-f stage and the resonant frequency of the cireuit will not be
changed since the input capacity of the V.T V.M. is essentially the
same as the converter tube.

To measure the stage gain of the converter or of thc i-f stage, the
same procedure is followed. A time saving procedure is to use the
t-r-f amplifier with the test oscillator and introduce a known voltage
in the antenna coil primary and connect the V.T.V.M. in place of the
converter tube. The gain of the complete r-f portion of the receiver
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can then be taken at the same time the tuned circuits are being
aligned to agree with dial calibration.

MEASURING AVC VOLTAGE

When measuring d-¢ voltages the prod tube of the VOT.V.M. s
normally applied to the positive terminal of the voltage souree.  1Mor
a-v-c voltages, which are negative with respect to gronud, this would
require cotmecting the VTV ML prod tube grid to ground and the
frame of the V.TV.M. to the a-v-c distribution network.  This,
however, impresses a 60 cyele voltage on the a-v-¢ network due to
leakage and capacity currents in the power lransformer windings of
the VUTVOM. and receiver power supplies. "T'o overcome this source
of crror the grid of the VTLVOML prod tnbe should he conneeted to
the a-v-c distribution network and the chassis of the V.IUV.M, con-
nected to the chassis of the receiver. A negative a-v-c volage will
cause the VTV electrie eye to overlap. 11 can be opened to
normal (i.e. with the two shadows just separated by a hair's width
of darkness) by torning the zero adjustment 3,000 ohm potentio-
meter. During this test the 530,000 ohin calibrated potentiometer is
not used but left in the zero position,

The 3,000 ohin potentiometer nsed for this test must be calibrated
if an accurate determination of the a-v-c¢ voltage is desired and this
is accomplished along the same lines as the previous calibration of the
50,000 ohm potentiometer. Sinee the 3,000 ohm poteutioneter is
now serving two purposes, the ealibration must he on a sliding disc
held in place with a felt washer under the knob.  When an a-v-¢
voltage is 1o be read the 50,000 ol potentiometer pointer is placed
on *“‘zero,” the test prods are shorl circuited, and the 3,000 ohm
potentiometer is adjusted to just close the electric eye.

The calibrated scale under the 3,000 ohm potentiometer knob is
now rotaled until the zero position is under the index of the knob.
1f the test prods are now placed across the a-v-¢ network the eye will
overlap.  Turning the 3,000 ohm potentiometer will open the eye to
normal position and the voltage ean be read on the ealibration.
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During this test the 5 megolm resistor in the input circuit of the
V.T.V. M. should be disconneeted for greatest accuracy.

MEASURING AFC VOLTAGE

The voltage generated hy the discriminator in an a-f-¢ circuit will
be zero when all circuits are properly aligned.  The VUT.V.M,
furnishes a meaus of reading this voltage without in any wayr disturb-
ing the circnit. This is aceomplished in exactly the same way that
a-v-¢ voltages are measured except Lhat the a-f-¢ voltage from the
diseriminator may he either positive or negative so that it may be
necessary to use hoth the 30,000 ohm and 3,000 ohm calibrated
potentiometers to read the voltage.

In most eases, however, il is not uecessaiy to know how mnch
voltage is developed hut orly whether the opposing voltages are in or
ont of balanee, The prad tube grid for this Cest is connected to the
lead connecting diseritninator and oscillator control tube or to the
grid cap of the oscillator control tube,

TESTING R.F. EFFICIENCY OF FIXED CONDENSERS
There are many lixed condensers in the r-f and i-f seetions of a
radio receiver whose function is to hy-pass r-f currents to ground.
Examples of these are condensers from the low potential end of r-f

and i-f eoils to ground: aeross cathode ro ors: belween sereen grid
and ground and hetween a-v-¢ or a-f-¢ distribntion network and
ground.  They all have one thing in common and that is their
Inetion—to furnish an easy path to ground for the v-f and i-f encrgy.
They can he tested in exactly the same way.

The V.T.V.M. is conneeted aeross the condenser under investiga-
tion with a small condenser in series with the VIV.M. grid and a
large signal is intraduced into the grid of the stage in which the
condenser appears. [ the capacity of the condenser is too small or
if the condenser is open a vollage will appear on the VUILV.ML A
shorted condenser will show up when the d-¢ voltage a-ross the
condenser is measured,
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CONCLUSION

The purpose of this article will have been served if the reader Jhas
gained a better understanding of the potential service that a V T.
V.M. can render in radio service work. There are m: iy other tests
and measurements possible with this instrument that will suggest
themselves to the user as he hecomes more familiar with it. As the
ever expanding field of clectronies develops more fully, it is antici-
pated that the V.T.V.M. will grow in usefulness.
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Know Your Tube Tester

Generally speaking tube testers may he divided into three general
types: Those which apply direct current voltages of approximately
correct values to the various elements under test; those which apply
a-c voltages to the various elements with correct phasing of grid and
plate; and those which connect all elements together excepl the
cathode and apply un a-c voltage between the cathode and the other
elemants, commounly referred to as emission testers. The cost of
these instruments decreases in the order named.

The d-¢ style of instrument requires a rectifier and filter Logether
with a voltage divider to apply proper voltages to the various
eleruents of the tube being tested. This test more closely approxi-
mates service conditions and hence is likely to be morc accurate than
others. This type of tester is usually called a “mutual conductance”
type. The indication is obtained either by changing the grid bias
and reading the change in plate current, or by introducing an a-c
signal on the grid of the tube and reading the signal component of the
plate current. The definition of mutual conduetance is the change
in plute current produced by a change in grid voltage, so that either
of thz above systems meets the requirements. Obviously this type
of tester is more difficult to keep up to date, since new tubes may
have added elements and will require added controls or sockets.

The next type of tester mentioned is that which employs a-c
voltages on the various elements of the tube, but with proper phase
relations so that the grid is negative when the plate is positive.  With
a tester of this type the indication is usually obtained by changing
the grid bias and reading the corresponding plate current change,
This is generally known as a grid-shift type of tester. This change is
somewhat proportional to mutual conductance, but sinee a-c voltages
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are applied, and siuce the values are not the same as those cmployed
in receiver service, the indications usually do not mean as much as a
true mutnal conductance reading.  This fuct is largely overcome,
however, by supplying a calibration for various (ypes of tubes with
the tester.  Intelligent use of this calibration as well as a complete
chieck of the performance of the tester with the ditferent makes of
tubes will usuvally permit quite accurate readings to be obtained.
This type of checker nsually requires an additional control to set the
meter to zero. Otherwise two readings must be taken to obtaiu the
difference in plate current caused by shifting of the bias. In order
to properly test all types of tubes a variable grid bias must be
provided, whicl increases the cost of the tester and also further
complicates the operation,  If, however, these deviees are provided

it is not difficult to keep the tester up-to-date as new tube types
are announced,

At the present time the so-called “cemission” type of tester or one
of its moditications is most popular. ‘This type of tester usually
connects all the clements of the tube together except the eathode, and
a-e voltage is applied between the cathode and the other elements. A
nicter is supplied to read the required current which tlows each Uime
the elements are positive with respeet Lo the cathode. The cost of
this type of tester is comparatively low since only one value of a-e
voltage is usually supplicd, iu addition lo the filmment.  Sinee the
elements are all conneeted together, @ minimum number of sockets
are required for testing,  The tester has the further advantage of
requiring very few changes to adapt it to new tubes. 1t is obvious
that such tests do not approximate operating condilions. Con-
sequently a sct of liwits must he run for cach type of tube, and
perhaps for eaeh make of tube as well.

Most of the diffculty which arises because of failure of tube
testers Lo agree has in the past been due to lack of correlation be-
tween various makes of emission testers. This is not diard to under-
stand when one realizes that no two makes of tube tester necessarily
employ the same voltages hetween the cathode aud the other ele-
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ments, or the same circuit impedances. Originally, only one value
of circuit resistance was employed, which meant either that most
tubes were tested with a very low emission current or a very high
value. In the first ease this meant that tubes which normally require
a large current for satisfactory operation, such as output tubes and
rectifiers, might test satisfactorily in the emission tester while
actually the cathode was unable to supply the required amount of
plate current. If the later condition, that of drawing a very high
emission current, was used, then tubes requiring only very small
emission current for satisfactory operation, such as 1.4 velt types
and some of the early 5 volt tubes such as the 014, would be ruined
if kept in the tube tester for any length of time.

During the past few years the R.M.A. Tube Committee has given
considerable thought to these problems. Standard circuits for
emission testers have been reconnnended, so that all emission testers
would give the same indication for the sume type of tube, whatever
the make. The Committee has also specified different load re-
sistances for different types of tubes, so that power output and
rectifier tubes may be tested for high emission current, while tubes
requiring moderate amounts of emission are tested with a larger load
resistor, and battery tubes and diodes are tested with a still greater
load resistor to limit the current to a safe value comparable to that
required in service.

Ten minutes a day spent in studying the performance of any tube
tester, new or old, will bring out many unsuspected variations in
results, and will undoubtedly inerease your ability to obtain accurate
and correct tests. In the long run this will pay both in better tube
sales and in your customer’s faith in’:your lionesty and technical
ability.
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SERVICE TO SERVICEMEN

The Service Helps shown on the following pages are orly a few
of the generous assortment of Sylvania Sales and Service Helps
made available by Sylvania Electric Products Inc., most of wvhich are
free upon request. Semi-technical literature for the serviceman such
as Characteristic Sheets, Tube and Base Diagram Charis, Tube
Correlation Charts, the Tube Complement Book at 35¢ and
the Technical Manual at 35¢c, are in constant demand. Window
displays, streamers and transparencies, price literature, eirculars,
book matches, electric signs, mailing cards, newspaper mats, and
plain or imprinted tube stickers are provided generously as an as-
sistance to dealers and servicmen. All items shown are fypical—
styles and prices are subject to change without notice.

Svivania News, a regular monthly publication featuring a sep-
arate Technical Section, items of trade interest, personal interviews,
and service helps, is available to everyone. Further information
about Sylvania News, Sylvania Radio Tubes, and any of the sales
or service helps, may be obtained from your local Sylvania Dis-
tributor, or by addressing your inquiries to Sylvania Electric
Products Inc., Emporium, Pa.

* * -

In addition to its acknowledged position as a leader in the field
of receiving tubes, Sylvania Electric Products Inc. is also prominent
as a manufacturer of Incandescent L.amp Bulbs and Fluorescent
Lamps and Fixtures.

For more than thirty-five vears, *Sylvania Lamp Bulbs, manufac-
tured at Salem, Mass., have been recognized as a standard. There
is a *Sylvania Lamp Bulb for every lighting requircment, domestic,
commercial, or industrial. Correspondence should be addressed to
Sylvania Electric Products Inc., Salem, Mass.

We invite inquiries regarding the products of our Receiving
Tube, Incandescent Lamp Bulb and Fluoreseent Lamp Divisions:

*Formerly Hygrade.
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SYLVANIA BUSINESS FORMS

g

/‘

—
223

THREE-IN-ONE SERVICE FORM

A complete job record for your files; cus-
tonuer's invoice and guarantee, and imprin-
ted follow-up cards; all in one handy form,
perforated for easy use.

100. $1.50 250 $2.50 500..84.00

F: T SR

e s }

\ e oween 5 WARTANTY
— $

100....8 .75

= |

L————"" D
212
JOB RECORDS

Customer’s record and receipt and
a complete job record for your

files. Imprinted.
100..$1.00 250..%1.75
500. .$3.00

214
SERVICE BILLHEADS

250....%1.28
500....$2.00
Imprinted




AND STATIONERY

Zmanew A
ppm

1

;alvl‘l'“‘ m,dj,lln&

gus \NES

qor the Radie Summ-
9

e

S

ENVELOPES
250. ...

.. $1.50

Imprinted

§1.00

108 QUALITY SADIS TUAEY
PN SreCi

A SYLVANIA

116
BUSINESS CARDS
Two Colore—Tmnorinted
250....75c; 500....$1.00

O
ugvosii

e )

(e A 352
A simpified m: thod
of maintaining ac-
curate re-ords for
. . yvour Winiormation
H : and for tax pur-
poses. $1.00

[

200 STATIONERY 201

Radio Dealer style (200)
Serviceman style (201

814x11, two-color, with envelopes, bsth im

printed.
250..$1.75 500. $3.00 1000. . $5.00
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TECHNICAL BOOKS

SYLVANIA NEWS
Technicel Sectaan

TECHNEICAL SECTION BINDER
Containing all back issues of Technical

Section from May, 1935....

202

[ | 11 L2 W
= #

—— ‘

SRV v = |

s e

208—SERVICE HINTS
BOOKLET

Practical advice on_unusual
service problems. FREE.

HINTS BOOKLETS
(not illustrated)

226-Radio Tube Hints.
227-Radio Circuit Hints,
228-Radio Equipment Hinte.
These booklets contain help-
ful information on circuits,
tubes and test equipment-

FREE

Complete Data on Sylvania
tubes with supplement to
date

218
COMPLEMENTS of tubes
for all makes and models of

radio sets; much other

valuable data not available

elsewhere.,........... 3Sc
4
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AND LITERATURE

-

CORRELATION OF TUBE
TYPES FOR SUBSTITUTION {

208

Sy{m»m'a, ,

ADIO TUBES |

’@4

jaaty [ |
Y nmc{erislicsi

SYLVANIA WHASE CRART

06
BASE CHART .
Base views for Sylvania tabes. Cross
indexed by types and baccs
FREE
205
‘UBE CORRELATION CHART
Listing Equivalent and Similar Typea.

FREI
11
A\RACTERISTICS SHEET
Characteristics of Sylvanii tubeég and
100 | I base views



SALES

——————y—

350
MICA KIT

Geperous supply of high-grade mica
with low dielectric loss, just right
10¢

for use in service work.. .. ..

$' Lvania

RADIO T-'BES

1
WINDOW
TRANSPARENCY
FREE

SELVICE KITS
Neat, professional for ser-
vice calls.  Room for tubes,
parts, tosls.

No. 203 (10x17x7 inches.)

$3 00
No. 203a (not |Ilus(raunl)
(10x22x8 inches) 5.0
Sturdy construction, blad\
leatherette co\'ering, metal
fittings, and handy tool
tray.

No. 203B—(10x17x7) Price $3.00. Same as No.203
but with black and white airpiane cloth covering.

PROMOTION

—
Vo St
L

s"@'ju -t l

110

TUBE STICKERS

Imprinted (110), Roll of 2000.. 81 00
Plain (114), Roll of 1000

PROMPT RADIO SERVIC
- CAL

2

wooca mSYLYANIA uh we

SERVICE STICKERS

Roll of 1000

Roll of 2000. .. ..
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%PECIALTIES

301
SERVICE JACKET

Tweed mirnture dungaree cloth, for
home service calls, counter salesmen,
shop wear, Sizes: 36, 38, 40, 42, 44.

$1.75 each.

302, 303
SHOP COAT (302)

Same material as 301. Full length,
special protective features. Sizes 36
to 44.

$1.95 each

SERVICE CAP (303)
. Matches 301 and 302. Small, 674; medinm, 73¢; large, 7%6; 25c each.

304—SHOP APRON (not i‘lustrated)
Heavy green duck with two large, one small pacize:. Similar to Carpenters aprons.

| Very popular with servicemen ........

...25¢ each.
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FOREWORD

This hook is not intended Lo be a
complete treatise on the subject
of radio tubes but rather a handy
reference book of generally hielpful
information and data for radio
servicemen. I this little hooklet
helps  make  their  work more
pleasant and more profitable, il
will have fulflled its mission.

SyLvaxia FLecrrie Pronuers Ixc.
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Converter Tube Design Features

Service problems related to converter tubes may often be clarified
through knowledge of the tube design of the particular type in
question. Numnierous converter tube types have been employed in
superheterodyne receivers. Five principal designs are in general use
and these will be briefly described as to their constructional features
and the functions associated with the various grid structures,
Several typical performance curves are also discussed.

TRIODE-HEPTODE CONVERTERS

Types 7J7, 757, 14]7, 1487, 618G

The superheterodyne recciver requires a cenverter tube whose
function is to mix or bent (hetcrodyne) the incoming signal frequency
with a locally generated frequency to obtain an intermediste fre-
quency.  If the output from a conventional triode oscillatar is
suitably coupled to a tuned r-f voltage amplifier, the pentode plate
circuit will contain four frequeneies: the signal frequency, the
oscillator frequency, and the sum and the difference frequencies of
these two. The latter are obtained by beating the first two fre-
quencies mentioned. Since more gain is secured at lower frequencies
in the i-f amplifier stages, the differcnce frequency (called the i-f
frequency) is the one desired. T'lis can be obtained when the tuned
circuits in the pentode plate are designed to rcsonate at the i-f fre-
quency, in which case they will reject the other three frequencies.

Such a circuit can be simplified considerably by combining the
triode oscillator with tlhie mixer tube in one Lulb. Furthermeore,
improved efficicncy aud stability can be sccured by adding an
injector grid in the mixer section which is connected directly 1o the
grid of the oscillator section, therchy permitting hoth the mixer
control grid and the injector grid to control the clectron stream. This
provides true electron coupling. An illustration of such a tube is the

5
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triode-heptode T'ype 747 shown above. The diagrawm indicates that
the cathode is common to bhoth units, the upper portion being
associated with the triode oscillator and the lower section with the
heptode mixer. A typical circuit diagram is shown wherein plate-
tuning of the oscillator isindicated. Grid-cirenit tuning is also widely

o
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employed with triode-heptode tubes, in which case the oscillator cir-
cuit resembles that shown for the pentagrid converter described
on page 8.

THE PENTAGRID CONVERTER
Types 1LA6, 1A7GT/G, 7A8, 7B8, 6A8G, and others

Pentagrid Converter is the name applied to a tube having five
grids in addition to the cathode and plate and intended for frequency
conversion in superheterodyne radio receivers. Such tuhes combine
the functions of oscillator, mixer and amplifier within one structure.
The No. 1 and No. 2 grids are used as the oscillator grid and oscillator
plate respectively. Electrons passing through grids No. 1 and No. 2
are further controlled by the signal input grid No. 4, This grid is
shielded from the oscillator section by grid No. 3 and from inter-
action with the plate by grid No. 5. Screen grids No. 8 and No. 5 are
connected together internally. The circuit on the next page il-
lustrates the use of the pentagrid converler, such as Type 7BS.
Voltages of signal and oscillator frequency reaching the plate are
bypassed to ground, since the tuned circuit in the plate is resonant
only to the heat or intermediate frequency (I.F.) which is to be
further amplified.

The pentagrid converter may be considered as operating very
much like a conventional variable-mu tetrode first detector with an
associated triode oscillator, execpt that the oscillator triode grid is
located mext to the cathode which is common to both the first
detector variable-mu tctrode and the oscillator triode. Eleetrons
emitted from the cathode surface are influenced by the various grid
and plate voltages and divide up so that grid No. 1 reccives about
3 Lo 6 per cent of the electrons, the oscillator anode receives about
40 per cent of theclectrons, grids 3 und 5 (screen grid) receive ahout 25
to 30 per cent of the electrons, and the plate receives the remaining
electrons emitted. Because of the oscillator grid's strategic position
next to the cathode, any oscillator voltage on this grid will modulate
the entire electron stream regardless of the ultimatc destination of
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the electrons. Referring to the diagram, it is interesting to observe
the action that takes place within the tube when it and the associated
circuit components are operaling normally.  When the set is first
turned on, the No. I grid is at zero potential because it is tied to the
cathode by the 50,000 ohm grid leak. As the cathode heats up and
starts to emit clectrons, the feedback hetween oseillator anode and
grid causes regeneration which immediately starts the triode cireuit
to oscillating. When the oscillator circuit is oscillating, the No. 1
grid is driven alternatcly positive and negative. While the grid is
positive, grid current flows through the grid leak in such a direction
as to make the No. 1 grid negative with respeet to the cathode. This

CONTROL GAtD Lare

- $CREIN GRID
= .
. outsur
€. HGNAL
(weeuT) /‘ g
CATHODE
oxcniaton
neminty /)

T = = -

grid swing may make the grid negative hy as much as 30 to 40 volts,
acd this hecomes the grid bias point about which the grid varies in
amplitude alternately in a positive and then a negative direction
under the influence of plate circuit feedback. From this it can be
seen that the maximum instantaneous negative voltage on the No. 1
grid may be 60 to 80 volts.

Electrons from the cathode are accelerated through the No. 1 grid
by the positive oscillator plate and the positive screen grid. The
oscillator plate actually consists of a pair of side rods but no grid
wires are strung on these rods. Many of the clectrons approaching
the oscillator plate possess high velocities so that they shoot past the
oscillator plate and for the most part through the screen grid No. 8
and approach grid No. 4. The No. 4 grid has a negative potential

8




which therefore retards the oncoming electron stream. This cloud of
retarded electrons between grids No. 8 and No. 4 constitute a virtual
cathode for the tetrode scction of the tube. Electrons may be drawn
away from this source (virtual cathode) in a wanner quite analogous
to that by which they were originally accelerated away from the
regular cathode.

If grid No. 1 is only slightly negative or even somewhat positive,
then the virtual cathode has an ample electron supply for the tetrode
section of the tube. Wlhenever grid No. 1 swings to more negative
values, the number of electrons arriving at the tetrode plate is
temporarily redueed or possibly cut off. Pulsces of current are there-
fore supplied to the tetrode section at oscillator frequency and the
electron stream to the tetrode plate is modulated by the r-f signal
voltage on the No. 4 grid. Thus, the oscillator can modulate the
signal in the tetrode section and produce the i-f beat note in the
plate circuit of the tetrode section.

The current necessary to have sustained oscillations is controlled
by the oscillator grid and not by the signal grid, the latter being
incapable of producing cutoff in the oscillator section. The gain of
the tube can be controlled over a considerable range by a variable
negative bias on grid No. 4 without substantially affecting the
oscillator section.

THE PENTAGRID MIXER
Types 6L7 and 6L7G

Type 6L7G pentagrid mixer is used with a separate oscillator tube.
Type 6L7G has the No 1 grid as the signal grid, grids No. 2and No. 4
connected internally as screen grids, grid No. 3 as the oscillator
injeetor grid and the No. 5 grid as the suppressor (connected intern-
ally to cathode). Thus, Type 6L7G is quite similar to the mixer
section of Type 7J7.

THE TRIODE-HEXODE
Types 6K8, 6K8G and 6K8GT

Such converters have a rather unconventional structure. The
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oscillator plate is so located that it is completely removed from the
cathode to mixer plate electron strcam. The oscillator plate and
mixer plate are on opposite sides of the cathode. Grid No. 1 com-
pletely surrounds the catliode so that the side towards the oscillator
plate acts as the oscillator grid, while the olher side is associated with
the mixer and modulates the cathode to mixer plute clectron stream
at oscillator frequency. Wilh this construction a single grid suffices
to screen the oscillator grid from the signal grid as well as to screen
the signal grid from the niixer plate. The signal control grid is made
in the form of a flat wound grid with one-half of the windings (those
facing the oscillutor plate) removed. Speeially designed metal shields
suitably connected to the cathode prevent stray electrons from
produeing undesirable couplings and also serve Lo isolate the oseilla-
tor and mixer sections. In addition, they cause a potential minimum
to exist between the screen and plate.  Sufficiently high plate
resistance is obtained so that a suppressor grid is not required.

THE PENTAGRID CONVERTER 6SA7 TYPE
Types 65SA7, 6SA7GT/G, 7Q7, 12SA7GT/G, 14Q7

This construetion, as exemplified by Types 657, 6SATGT/G and
7Q7, is somewhat like 617G except that the functions of grids No. |
and No. 3 are interchanged.  Grid No. 1 is the oscillator grid and grid
No. 8 is the signal grid, the latter having a remote cutoff character-
istic. The side rods for grid No. 3 are located 90° from the plane of
the other side rod supports and are thercfore directly in the center
of the clectron stream. The negative voltage on the signal grid
repels some of the clectrons traveling to the plate back towards the
cathode. Ilowever, these electrons will not affect the space charge
near the cathode since most of the clectrons turned hack are inter-
cepted hy collector plates fastened to the side rods of the No, 2
screen grid. Ilcnce, the collector plates of the sercen provide
isolation of the cathode space charge and the signal grid so that
changes in signal grid voltage produce little change in the cathode
current. Any ehanges in plate current due to signal grid voltage

10
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changes arc offset by opposite and nearly equivalent changes in
screen current. Screen grids No. 2 and No. 4 are connected in-
ternally. Grid No. 5 is the suppressor and serves to increase the
plate resistance of the converter.

DEFINITIONS

Conversion Conductance (g¢) is defined as the ratio of the inter-
mediate frequency component of the plate or output current of the
converter tube in a superhceterodyne veceiver bo the radio frequency
compunent of the signal voltage applied to the control gral.  The
value is expressed in micromhos.  With referer-ce to the perfarmance
of a frequency converter, it is employed in the same manner as
mutual conductance is used in single frequency amplifier compu-
tations.

Conversion Gain is the ratio of the intermediate frequency voltage
developed across the load Lo the radio frequency voltage applied to
the control grid. When tube and circuit constauts are known the
conversion gain may he computed from the formmla:

_ BeTp Ry,
l'p+ J(L

Where gcis the conversion conductance, ry the plate resistance and
IR1, the resonant impedance of the i-f transformer measured across
the primary terminals.

Conversion Gain

} Several curves may prove helpful in illustrating perfermance
characteristics of converters. Fig. A shows how the conversion
conduclance for a typical triode-heptode converter varies with the
negative control grid (heptode) voltage. The recommended control
grid voltage would be approximately —3 volts, under which con-
ditions the tube has a conversion eonductance of abont 300 microm-
hos. The curve also indicates the cutoff characteristie, since the
conversion conductance is reduced to only a few micromhes when
the control grid voltage reaches —16 volts.

11
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For optimum receiver performance too mucl emplasis cannot be
placed on the curve of Fig. B. "Tlis gives the variation in eonversion
conductance for oscillator grid current thru a speeified grid leak
resistanee. It shows how important it is to kecep the minimum
oscillator strength above the “‘knee” of the curve. Attention is
called to the fact that beyond the knee of the curve the uniformity is
excellent over a wide range of oscillator voltage. The developed
oscillator voltage is given by the product of the oscillator grid current
and the grid leak resistance.  For example, 200 microamperes through
50,000 ohims gives a developed oscillator voltage of 10 volts.

Sinee eonverter tubes of different constructions, such as those
already diseussed, have ditferent ratings and elecirieal eharaeteristics
it is natural that performanee characteristics also differ from type to
type. Although eonversion gain is a funetion of conversion eon-
duectance, the gain also depends upon the load impedanee (IRL) of the

13
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converter section. For example, a pentagrid converter may have a
higher raled conversion conductance than a triode-heptode converter,
but if due cousideration is given to the load impedance the conversion
gaiu of the triode-heptode will not be reduced in the ratio of the
respective conversion conductances of the types involved. Consider-
ing that the rated oscillator voltage is obtained from each type,
Fig. C shows gain curves calculated for both types using the gain
formula specified. Verification of the performmance characteristics
mentioned above is indicated by tliese curves.

| CONVERSION GAIN v5 PLATE LOAD RESISTANCE
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Three Reasons for Blue Glow

Many inquiries are received relative to the blue glow which is
present in a number of Sylvania Tubes. Most of these are based on
the misunderstanding of the different types of glow that may be
present in a tube. There are three different types of blue haze that
may appear while tubes are in operation. They are classed as:
Fluorescent glow; Mercury Vapor Huze; Gas.

The fluoreseent giow is usnally of violet ealor, and is noticeable
around the nside surface of the glass bulb.  This glow is a phenome-
non caunsed by electronic hombardment taking place within the tube.
This glow changes with the intensity of the signal and may at times
become quite brilliant.  Fluorescent glow has absolutely no affeet
on the operation of a receiver. In faet, tubes with this characteristie
are particularly good as regards gas content,

Mercury vapor haze is a blue glow which is noticeable between the
plate and filament in Types 82 and 83 rectifier tubes. These are the
only types of Sylvania receiving tubes in which this type of haze
appears. The perfect operation of Types 82 and 83 is dependent
upon a mercury vapor which comes from free mercury that has been
placed in the bull during the exhaust period. Therefore this type
of blue haze is in no way detriniental to the operation of these tubes.

Gas is a blue haze which is usually confined to the vicinity of the
plate and filament structure. Its presence, when of large content,
affects the operation of a receiver to the extent that erratic per-
formance is noticeable. Gassy tubes should always be replaced
with new tubes.

Testing for the above conditions can be best accomplisked by
actual operation in a receiver. It is not necessary to test for the blue

15
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glow evident in Types 82 and 83, since this is characteristic of these
two tubes.

When in doubt as to the blue content of other types of tnbes a
sure test can be made by using a strong magnet next to the bulb, A
gassy tube will not be affected in any way by the presence of the
magnet, while the fluoreseent glow, which has no alfect on the
performunce of the tube, will shift ahout as the wagnetic tield is
shifted.

16
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Tuning Indicators

Type 6E5 vs Type 6G5

The Type 6E5 tube became quite popular as a visuzl tuning
indicator. After the novelty of this type of tube wore off, it was
found that the tube had some disadvantages vver the regular tuning
meter which had previously been employed, to indicate the visual
tuning. These disadvantages mainly were thet either the indication
of weak signals was unsatisfactory or that on strong signals the
shadow closed entirely.

This tube consists of a triode and a target and a deflecting plate.
The triode is intended to funclion as a d-¢ amplifier. The clectron
ray section of the tube consists of a portion of the heated eathode asa
source of eleetrons which are attracted toa target that hasa positive
potential on it. The shaded or unlighted seetor which is used as the
indicating means is produced by the shadow of a control electrode
or deflecting plate attached to the plate of the triode.

By referring to the schematic diagram showr in Figure 1 we will get
a better picture of the action taking place when Type 6135 is used in
circuit applications. We will assume Ec is variable by 1ncans of
control A. If 250 volts is applied to the target, clectrons will be
attracted to it and will causc it to glow. The deflecting plate is
conuected to the triode plate as is indicated im the diagram. These
two elements are connccted to the target through a 1 megohm
resistor. If we now apply zero bius to the triode, the maximum plate
eurrent will flow to the triode plate. The current flows through the
1 megohm resistor, producing a voltage drop between the target and
the deflecting plate.

Since the plate is negative with respect to the targel, it will reduce
the number of electrons reaching the target. Because of the shape

17



and location of the deflecting plate a shadow will be cast around the
target. The shadow angle will be about 100 degrees. If the bias is
increased slightly to approximately 2 volts, the plate current will
decrease somevwhat, decreasing the voltage difference between the
target and the deflecting plate resulting in the shadow angle closing

| MEG. 250
vOLTS

/
A /
" W
A ,k/ >,
AAAA -~
VW =
‘ ot i
vOLTS
Pk
Ec

Fig. 1

in sinee not as many clectrons are repelled as before.  After 2 volts
bias is applied, the shadow angle change per volt bias applied to the
grid increases somewhal and remains coustant until about 6 volts
bias is applicd. 1'rom 6 to 8 volts the rate of change slows up some-
what hut at 8 volts the shadow has usually entirely disappeared.
Pigure 2 shows how the shadow angles and the plate current of the
triode vary if different bias voltages are applied to the triode section,

In an ordinary superheterodyne receiver the d-e voltage developed
across the diode load resistor in the a-v-¢ circuit varies from zero
voits at no signal input to a maximum of 25 volts or higher. 1f we
refer to Figure ¢, it is evident that the largest bias which may be
applied to the triode without completely closing the shadow is about
6.5 volts. This means we can utilize only a fraction of the developed
a-v-c voltage in order to prevent complete closing of the shadow on
strong signals. By tapping a portion of the a-v-¢ voltage, we

18
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reduce the indieation for weak signals, since it we develop 3 volts of
a-v-c, instead of applying it to the triode, we will usc only the same
fraction of voltage employed on strong signals, with the result that
the indication is greatly reduced. It can readily be seen that this
type of performance is not wholly satisfactory.

The Sylvania Type 6G35 tube was introduced to correet the diffi-
culties mentioned above. The triode grid has been changed some-
what so that the plate current cut-off oceurs around —22 volts
instead of —8 volts as in Type 6E5. Iligure 3 shows two curves on the
Type 6G5 corresponding to those shown in LFigure 2 for Type 6E3.
It will be noted from the eurves that it will Le possible to use all of
the developed a-v-e voltage with this tube with the result that the
indications of weak signals are as large as possible while the strongest
signals will not quite close the shadow.

Type 6G35 can be used to replace Type 63 in nearly all applieations
where difficulty is experienced due to the ciosing of the shadow.
Usually no circuit ehanges will be required. Where the difficulty
does not exist duc to the closing of the shadow, increcased weak
signal indications can bc obtained, if only a portion of the a-v-¢
voltage is now being used, by applying the total a-v-e voltage and
substituting a Sylvania Type 6G35.



Tube Mysteries Explained

In the open forums held after Sylvania Service Meetings, service-
mer in all parts of the country bring up the same problems regarding
tubes. There appears to be some myslery in the way these tubes
act in tube testers and in actual operation, and servicemen who have
experienced this trouble have had considerable difficulty in finding
the true answer.

Some of these problems are: 1. Why does a power output tube
test OK in some types of testers and still not sound good, while
replacing the power output tube with a new one cures the poor tone
quality? 2. Why does a rectifier tube test OK in a tester and yet
the plate voltage available to the set is low until replaced by another
rectifier? 3. Why do tubes test OK in tnbe checkers and yet cause
the set to stop playing after a few minutes of operation?

1. A power amplifier tube requires a fairly large plate current in
order to operate properly. If the proper cmission is not available to
supply this plate current, then poor quality may result. Many so-
ealled emission testers give an indieation of “good™ for power oulput
tubes if an cmission current of only a very few milliamperes flows.
This is obviously much less than is drawn in set operation. Thus,
the serviceman does not replace tubes which actually need replacing.
Altliough high eurrent is required for power output tubes it is very
important thal not too much current flows when testing diodes and
low plate current tubes or else they will be dumaged. Most of the
newer testers of Lhis general type employ various loads for use in the
circuit to limit the curreut to a safe value. The proper load is in-
dicated on the chart covering settings for tesling the various tubes.
If any doubt exists as to whether the tube tester is testing power
output tubes properly, a simple check may be made by eonnecting
a d-c milliammeter in series with the cathode of the tube being tested.
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This meter will read the total cathode current. It should correspond
approximately to the rated plate current for the tube operating
under rated conditions.

¢

2. A rectifier tube often tests ‘“‘good” in some testers when it
actually delivers voltages much lower than normal. This is also
caused by lack of sufficient emission to support normal plate current.
The tester may require only a small amount of plate curreat to test
““good” and this amount is much lower than required for satisfactory
operation in the rceeiver. The same sort of test, as recommended
above, may be made to determine if cverything is as it should be.
The meter should read so that the current passcd is comparable with
that required in a normal receiver.

8. Considerable difficulty is experienced in the field with receivers
refusing to play after being in operation for a short while. This may
be due to gassy tubes. It is necessary for the tubes to hecome
thoroughly warmed hefore this difficulty will show up. Some tube
testers are provided with a gas test but most are not. A very simple
one which will locate gassy tubes is shown. This can be ccnnected
to any tube in the receiver or a separate unit may be constructed.
When seclf-bias is employed, the indication will not be as sharp as
when fixed bias is employed.

The circuit essentially is as shown. Input and output systems are
indicated in block form as these mmay vary depending on the circuit
the tube is used in. The supply voltages for tue plate and grid are
indicated as +B and —C.

A meter is connected in the plate circuit so as to read plate current.
A one megohm resistor is connected in the grid circuit so it may be
shorted out. The operation simply consists of opening and closing
the switch across the one megohm resistor and noting the change in
plate current. A gassy tube or bad tube will show a greater change
than will a good one. In fact, most good tules should not cause
much, if any, change in plate current. This test is equally good for
power output tubes or any other type. It isimportant that the tubes
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be warmed beforc being tested for gas, especially if they are power
output types.

The theory involved in this test is simple and might be of some
interest. If any gas current is present in the tube, this current
flowing through the resistor will produce a voltage which will sub-
tract from the bias, resulting in an increase in plate current. If one
microampere of gus flows, this will decrease the bias by one volt when
the switch is opened. If the mutual conductance of the tube is 1000
micromhos this one volt change of grid bias will increase the plate
current by one milliampere.

| MEGOHM

LOAD
INPUT
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Type 35Z5G and
Type 35Z5GT Trouble

A large number of inquiries have been made relative to open
filaments in Types $345G and 35Z5GT, before the tubes have been
put into use. After a thorough investigaliun of this it nas been
found that the majority of the trouble is causad by improper testing
in the field. This has been brought about by using improper settings
on the testers and by inserting the tube hefore proper settings have
been made.

This type of tube has a 35 volt heater whicli is tapped to permit
the operation of a panel Jamp across pins #2 aud #3. Thus, it is very
easy to apply improper voltages or to short this section of the heater,
causing damage to it. When making any tests on this tube, be sure
the correct settings are made before inserting the tube in the tester.

In receiver operation the Leater tap on pin #3 is normally connected
to pin #5 for the purpose of permitting the plate current to pass
through the tapped section of the filament. This eliminates the
initial surge voltage on the panel lamp when the receiver is first
turned on and results in a higher level of illumination. Tlerefore,
after the tube has been put into service there are certain precautions
that should be followed. Short circuits in the B supply may cause a
large drain on the rectifier, resulting in a burn-out in the pacel lamp
section of the tube. Any type of short to the panel lamp circuit
should be avoided; or the use of an improper ‘ype of panel lamp is
not recommended. Also a load current greaier than that recom-
mended should never be placed on the tube.

Tube tester manufacturers have been very co-operative iu supply-
ing ccmplete test data on all their instruments that will test this
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type of tube. These data are shown helow. If you do not have the
correct tube test settings for your tester, and they do not appear
below, they may be obtained from the manufacturer. Check the
figures and make changes wherever there is a difference on your
chart, as these are the correct current settings.

CLOUGH BRENGLE CO.
Model 225:

Fil. 1 2 3 4 5 6 7 8 9 IN, SH.
m F* H*X*R 8 8 3 3§ 91 9
Fil. IN CIRCUIT
Model 125-B:

M: 91 5-50
Model 125-R:
Mt 8 5-50

Caution: Do not use new addenda sheets in connection with testers
which have not been modernized.  (This caution is printed on the
addenda sheets.)

DAYTON ACME CO.
Model 303:

Fil. & Slide
Cir. Sel. 1 Sel. 2 Sel. 3 Switches
10 32 9 AC*

*Nore—lush A & C to “UL"” position hefore placing tube in socket
and do not return A & C to normal position until tube has heen
removed. This tube normally shows SHORTED.

Model 302:*
9-3 46 Q
*Switch A “UP”
Model 301:
J,1&8 40 Q
Model so1:*
30 a o 10 Q-3
*Sel. 1 at “G” before placing tube in socket.
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Model 22C:
25.0 37 3 AC*
*Nore—Toggles A & C must be thrown te “UP” position before
placing tube in socket and left up until tube has been removed.
This tube normally shows a SHORTED condition.
Model 200:
25.0 37 3 AC*
*Nore—Toggles A & C must be thrown to “UP’ position hefore
placing tube in socket and left up until tube has been removed.
This tube normally shows a SHORTLED condition.

HICKOK ELEC. INSTRUMENT CO.

Models AC-51, 51-X, T-53, 510-X, 530:
A-11; B-1; Fil—35; L-40—R-0. Press Rect. Standard Button.
Testers having serial number helow 500,000 which Lave aotiheen
moderuized, set *“L°” on 76 instead of +40.

JACKSON ELEC. INSTRUMENT CO.
Adviee from Jackson is that all late type testers which will test this
tube have the correct data appearing on tleir charts. For new
charts or data on modernizing, write directly to Jackson.
PRECISION APPARATUS CO.
Models 910, 912, 915, 920, 922
A B C D E F Depress
7 10 0 1 11 9* D
(Fil. Cout.—Depress J* then B.)

Precision advises that Series 500, 500-A, 510, 516-A, G0y, 70(),‘:800,
800-A, 815, 815-A, 900 and 900-A, have cowmplete new test data
available upon request. The latest supplemcut bears the date
2/15/40. Series 910, 912, 913, 920 and 922, all have test charts
bearing the date 1/20/40 which superscedes ail previous charts for
this series.

*Indicates changes made over original chart.
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SUPREME INSTRUMENTS CORPORATION
Model 385, 8¢ Series:

Fil. Volts. .. e 25
Fil. Return. . ... . -
But'ndown. ... . . e K]
Qual. Sel. (R). ... 43
Qual. Sel. (8). .. 30

Neon lamp glows on F & 3 as A5 & 12745 switch up.

Models 500, 505, 585:

Ll Volts. oo e 25
Fil. Return. ... e 7
Switches Up. oo 238
Mect. Ckt.. ©
Load Sel.. ... e 90
Shunt Sel. . . ... . e 3
Qual. Sel ... 50

When making filament open test, neon hully should light on bLoth
#2 and #3.
Model 400:

Fil. Volts. .. oo e 25
Fil. Returnm. ... o e 7
Switehes Up. . ... o e 238
Met. CKtoo oo E
Qual. Sel.. .. 4

When muking filament open test, neon bulb should light on ¥2
and #3.
Model 594:

Fil Volts. . e 25
Fal. Term. .. e E
Meter Ckt.. .o e A
But'n. Down. ... .. e 38
Qual. Sel.. .. e 75

#3 shows short.

World Radio Histo



Models 501, 502:

il VOlt8. o  eae 25
Fil, Return. ..o e e T
Switehes Up. ... o 5
Meter CRto. oo oA
Qual. Sel.. .. 37

When making filament open test, neon bulb shounld light on #2
and #3.

Models 503, 504:

19 Return L. o T
Fil. Volts 1. . ... R[]
Qual. Sel. T11. ... 17
Meter Ckt. IV L e 3
Elements V... . . i o oo B

When making filimenl open test, ncon bully shonld llght on §2
and #¥3.

Model 506:
il Volts T oo
Fil. Return 11 ... o o
Fil. Return T, ..o 0 B
Meter Ckt. IV . .. R
Shunt Sel. V... . B
Shunt Sel. VI. ... . Ca
Shunt Sel. VIL. ... . .
Elements Out. .. ... . ..
Depress #3 when making leakage test. 43 shows short.
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Tracking Down Grid Emission

Among the many “bugs” that find their way into a radio circuit,
there is one that has caused untold grief and confusion to the service-
man. Itscommon name is GRID EMISSION.

Althougl it starts life as a tiny electron, it soon grows to huge
proportions. It is elusive in its ways, and much valuable time may
be lost merely in determining its presence. After that, more time is
consumed in solving the serious problems that it creates. No doubt,
you are familiar with some of the following complaints: blocking,
loss of sensitivity, lack of selectivity, distortion, burned out plate and
screen resistors, low emission rectifier and power tubes, and hum.
These are a few of the problems of grid emission and they are general-
ly reported to take place after the receiver has been in operation

long enough to hecome overheated.

Perhaps you have tested tubes, condensers and resistors, yet you
found everything to be normal. Try though you may, you have
never located the cause of these complaints, although you may have
effected a cure by the cut and try method. Of course, you know that
the cathode of a radio tube is designed to emit electrons; but this is
not true of the grid. Grid emission, as the name iniplies, means that
the GRID gives off or emits electrons. When electrons flow there is
also a flow of current, (as can he seen if we place a milliameter in
series with the cathode) and eurrent flowing through coils and high
value resistors in the grid return circuit, will produce a voltage drop
detrimental to good circuit performance.

Why do we have grid emission? Well, during the process of
evacuation of a radio tube a small portion of the cathode emitting
material is sometimes unavoidably splashed on to the grid with the
result that should the grid become sufficiently Lieated during opera-
tion, it will emit electrons.
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To reduce this disturbing effect every precaution is taken in the
design of Sylvania radio tubes to keep the grid as cool as possible.
Copper grid supports are used because copper, being a good heat
conductor, carries the heat away from the grid. Grid radiators are
attached to the grid to give a greater heat radiation area. Colloidal
graphite is sprayed on plates and bulbs to increase the heat radiation
to the outside away from the grid,—all to kecp the internal tube
structure cool.

We conclude, therefore, that excessive heat is the factor that must
be avoided if we are to keep away from grid emission.

More recent tube types arc of higher mutual conductance than
those of the earlier days and in order to obtain this increase in mutual,
the spacing between the grid and cathode has been greatly reduced.
As a result, the grid is close enough to the cathode so that excessive
heater voltage, or cathode current will heat the grid to the emission
point.

Another recent factor aiding the evil of grid emission is the trend
toward the zero-bias type of receiver operation. In this type of
circuit the d-c resistance in the grid returns is generally very high.
This results in a higher disturbing-voltage drop, and at the same time
fails to produce a negative bias voltage which would be helpful in
opposing the disturbing voltage.

The r-f circuit shown in Fig. 1 represents a typical zero-bias
arrangement which we will use to follow the actions of grid emission.

Let us assume that the initial bias on the tubes derived from the
contact potential of the diode is —1 volt. We will also assume that
the receiver has been in operation long enough to become sufficiently
over-heated to stimulate grid emission. The excessive heat may be
caused by improper ventilation, high line voltage, or the exceeding
of the voltage ratings of the tubes.

The grid of any one of the tubes, being overheated, will now give
off electrons and current will low. To start with, this current is
very very small, being only about one microampere. However small
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though it may be, it must return to ground. Therefore, it flows
through the r-f coil, through the a-v-¢ resistor R, on through the
volume control to ground. During its course to ground the current
had to pass through the a-v-c resistor R whose value is three meg-
ohms, and, according to Ohms Law, current flowing through a
resistance must produce a voltage drop. As E=IR we then have a
voltage developed across R equal to 3 volts. The polarity of this
voltage drop is the HARMFUL factor. Current flowing from the
diode to the grid produced a negative voltage at point X, but current
going from the grid to ground produces a positive voltage. There-
fore, at point X we have 43 volts developed by the grid current
flow, minus the —1 volt of bias caused by contect potential, leaving a
+2 volts. This means that at the grid of eich tube on the a-v-¢
string, there are 2 volts of positive voltage. You and I know that
we cannot use positive voltage on control grids. It must be negative!

R,

;sms *
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With positive voltage on the grid, the plate current inereases,
causing more heat within the tube, thus liberating more electrons
from the grid. This continues in a vicious circle until the positive
voltage at the grid becomes high enough to block the tube. Plate
and screen resistors may burn out, reetifier tubes are overloaded,
and sensitivity falls off, due to the change of characteristics brought
about hy grid emission.

Iig. 2 represents a typical power ontput stage. llere grid emission
is more troublesome, due to the greater amonnt of heat generated
within the power tube. The grid current flowing in Ry ean become
sufficiently high to causc cnough positive voltage to cancel out the
negative bias thereby producing bad distortion. At the same time
the resultant heavy plate current will in a short time liberate gases
from the over-heated elements.  With the ionization of the gas the
-athode is bombarded by positive ions and its emission is destroyed.

To prevent the possibility of such destructive effects, tube manu-
facturers issue speeifications as to the maximum permissable voltage
ratings that may be applied to each tube; also the values of per-
missable d-¢ resistance in the grid-cathode ecircuit. These values
niust be adhered to at all times for satisfactory tube operation.

The effects of grid emission are to some extent minimized by the
employment of automatic or self-bias in which grid hias is derived
from a resistance in the cathode or filament return.  An increase in
plate current tends to inerease the effective negative bias applied to
the grid, thus opposing the cumulative effeets of the positive voltage
caused by grid emission.

The presence of grid cmission is usually indicated by distortion,
increase in hum, and excessive plate current. It is sometimes
difficult to detect the presence of excessive plate current unless the
meter is permanently in the circuit during tests, as the switching-off
of the tube may allow it to cool sufficiently to restore normal opera-
tion. For this same reason grid emission cannot be detected on tube
checkers,
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In performing tests to determine grid emission the receiver should
be thoroughly heated, not by applying excess:ve line voltage which
might damage condensers and other parts, but by placing a 50x over
the chassis so that ventilation is cut off.

A microameter, having a 0-10 scale, connected in series with the
grid return circuit is the inost practical method of measirement.
However, this instrument is expensive and delicate and is not easily
obtainable.

A milliameter, which we all have, permaneatly connected in the
plate circuit will show a rise in current after the receiver is sufficiently
heated if grid emission is present.

Practical cures for this ailment may be effected by a diode gate, a
resistor in series with the filament to slightly reduce the Slament
voltage, proper ventilation, or automatic hias. Above all, make sure
that the values of voltages and grid resistors are within the ratings
of the tubes.
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Filament-Grid Short Circuits

Recently we have received a considerable number of complaints
on battery type tubes which indicated that commercial tube cheekers
were showing up tubes as having grid-filament shorts. In many
instances it was reported to us that the tubes worked perfectly
satisfactory in equipment. In other instances tubes were sent back
to us for analysis. Our analysis showed that there were no short
circuits between filament and grid. An investigation was made of
several commereial tube checkers in which these defects were being
noted to ascertain the canse for sneh indicated shorts, wlen in reality
vo sliorts were present.

When one stops to analyze just what is occurring, it is fairly casy
to see the reason for the discrepaney. In a commercial tube cheeker,
for simplicity reasons, it is nsually a practice to make available only
one supply voltage. TFor most types of tubes the value of this
vcltage is not too important and cousequently a value usually above
150 volts is employed.  When filament-grid shorts are heing elieeked,
however, on any kind of a tube, since the spaciug hetween these
elements is very close, the voltage gradient is very high and a con-
siderable electrostatie attraction exists. 1n the case of 1.4 volt tubes
this force is suflicient to attract the filament over to the grid. This
results in a grid-filainent short heing indicated since the filament may
actually touch the grid under these conditions. With the proper
equipment it is possible to actually sec the filament being attracted
to the grid structure. In manufacturing these tubes a great deal of
difficulty was experienced with this eondition until it was recognized
that the voltage between grid and filament must be kept at a low
enough value so that the filament did not become distorted. This
can readily be accomplished by reducing the value of this voltage
without any attendant harm since the maximum voltage applied
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Letween grid and filament in most battery types will be under 25
volts.

The next time you are testing battery tubes for short circuits and
run into grid-filament shorts and the tubes appear to be otherwise
alright, it is suggested that you measure the voitage between filament
and grid and if it exceeds 50 volts that you disregard the grid-
filament short indication.

Gencrally a real grid-filament short cireuit occurs bhecause the
filament has been opened up and the hook tension lias been sufficient
to pull the loose end of the filament up so that it comes in contact
with the grid wires thus causing a short circuit. \henever this
oceurs, of course, the filament continuity will be broken and this can
readily he determined. Under tliese eonditions, the tube will be
inoperative and sheuld be discarded for an opeu filament rather
than a short eircuit.

This information is being passed on so that tubes will not he
falsely accused of having grid-filament shorts when in reality these
short circuits do not exist under service conditions.
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Plate and Screen Dissipation Ratings

Vacuum tube ratings provide an aceurale guide to assist the
engineer or serviceman in sceuring cficient tube performance. The
use of this information, coupled with careful attention to eircuit
considerations and proper installations will generally pay dividends
in acceptable operating efficiency. Among the important factors
included in tube data are the ratings of maximum plate and maxi-
mum screen dissipations.  The discussion which follows deals
primarily with dissipation considerations.

The interpretation of tube ratings published in the Sylvania
Technical Manual and other Sylvania technical literature are in
accordance with RMA standards and the conditions ontlined in the
introductory section of the manual for the plate and sercen are:

A-C or D-C Power Line: The maximum ratings of plate and
sereen voltages and dissipations given on the tube type data sheets
are Design Maximums. For cquipment designed for use in the
United States on nominal power-line services of 105 to 125 volts,
satisfactory performance and serviceability may he anticipated,
provided the equipment is designed so as not to exceed these Design
Maximums at a line voltage of 117 volts.

Storage Balteries:  Auntomobile battery operated equipment
should be designed so that when the hattery voltage is 6.6 volts, the
plate voltage, the plate dissipation, the sercen voltage, the screen
dissipation, and the rectifier load current will not exceed 909, of the
respective recommended Design Maximum values given in the data
for each tube type.

“B’" Batteries: Equipment operated from *B' batteries should
be designed so that under no condition of battery voltage will the
plate voltage, the plate dissipation, the screen voltage, and the
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screen dissipation ever exceed the recommended respective maximum
values shown in the data for each type by more than 109,

In general, electrode dissipation is the power dissipated in the form
of heat by an electrode as a result of electron and/or ion bombard-
ment. Eael tube type must have maximum ratings assigned, these
being dependent upon the tube design, its eomponent parts and the
kind of service it is to perform. Experience has shown that when
maximum ratings are exceeded, partieularly for an appreciable time,
the performance capabilities may be impaired and the tube life
shortened.

The total power dissipated by the tube consists of plate and grid
losses plus the power used in heating the cathode. All of this licat
must be earried away from the tube, principally through the envelope
of the tube. A major proportion of the energy which is dissipated in
tubes having glass bulbs is produced at the plate of the tube. Con-
sequently, the plate has to be capable of radiating all the heat
generated at its surface, and also the heat radiated to the plate by
the cathode and other elements, without damnage or adverse results.
Any excessive heat, above that stipulated by the maximum dissipa-
tion ratings, can produce very detrimental effects. These ‘will be
covered in more detail later.

TRIODE CLASS A POWER AMPLIFIERS

As a first example, consider a triode power amplifier such as a
Type 6A3, operated resistance-coupled, under the rated Class A
conditions. The accompanying plate characteristic indicated that
with 250 volts applied to the plate, —45 volts grid bias and the
recommended load of 2500 ohms, the rated plate current is 60 ma.
This requires a plate supply voltage of 400 volts for with 60 ma.
flowing through the load resistor of 2500 ohms there will be a voltage
drop across RL of 0.06 ma. x 2500 ohims or 150 volts, and henee an
applied voltage of 250 volts. The d-c power dissipated in the load
resistor will be 2Ry, or (Ep— Ep) I watts. Using the latter expression
this gives 150 volts x 0.06 ampere or 9 watts, and this power is
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represented on the diagram by the reetangle at the right. The plate
dissipation of the tube will be Epl or 250 volts x 0.06 ampere which
equals 15 watts. This is represented by the rectangle at the left as
designated. These values only apply when no input signal is applied
to the grid.

When an alternating voltage is impressed on the grid, the voltage
at the plate of the tube will also fluctuate sinee it will differ from the
supply voltage by the drop in the load impedanec.  With the signal
on the positive half eyele, the plate current will increase, thus eausing
a larger drop in Ry, so that the plate potential will be less than its
value at the operating point. On the negative half eyele the in-
stantaneous grid voltage will he more negative than —45 volts, the
instantaneous plate current will be less than the average value and
the drop in Ry will be reduced  Consequently the instautancous
plate voltage is higher during the negative half eycle.

With an impressed input signal whose peak voltage equals the bias
voltage, the a-¢ power developed in the load is rated at 3.2 watts.
This a-c power is dissipated in Ry, in addition to the d-z power
dissipation of 9 watts mentioned ahove. The plate dissipation is
therefore reduced by the amount of the power output. This decrease
in plate dissipation under dynamic operating conditions is a charac-
teristic of all class A amplifiers. llenee, Class A power amplifiers
should be so designed that the dissipation under static conditions
will not he exceeded.

The RMA ratings for Type 6A8 specify a maximum plate voltage
of 325 volts and a maximum plate dissipation of 15 watts. Since a
plate current of 60 ma. is obtained when 250 volts are applied to the
plate with a grid bias of —45 volts, it is apparent that if a higher
plate voltage is employed, the maximum plate dissipation will be
excceded unless more bias is provided to reduce the plate current Lo a
safe value. 1n general. the allowable plate dissipation will determine
the maximum operating plate current for a given plate voltage. For
some tube types the allowable dissipation may be high enobugh so
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that the operating point and load resistance may he based upon
considerations of distortion, flow of grid current and desired power
outpuot

PENTODES AND BEAM TUBES

With pentodes and beam tubes additional factors must be tauken
into consideration.  The total B-supply input power will be the
power in the plate circuit plus the power dissipated in the screen
circuit.  With an input signal whose peak voltage equals the bias,
the power delivered to the plate eircuit is the product of the maxi-
mum signal plate current aml the corresponding plate voltage. The
heat dissipated by the plate will he the power supplied to the plate
civcuit less the power delivered to the load.

Screen dissipation increases guite rapidly with applied signal
voltage and may be several times greater at the maximum siguoal
condition than when the signal is zero.  Tlie incercase in d-¢ screen
current with signal occurs hecanse of the influcucing effect of plate
potential on screen current and is particularly noticeable when a
high value of load resistance is employed.  This coudition should be
avoided, not only to maintain the screen dissipation within linmits but
also to keep the distortion at an acceptable value.

TYPICAL EXAMPLE

As a second illustration of zero-output and rated-output sereen and
plate conditions we will survey the ratings for Type 7C3, or the octal-
based equivalent Type 6V6GT/G, when employed as a single-ended
Class A amplifier  Maximum ratings are:

Plate Voltage. . ... .o 0315 Volts

Screen Voltage. . ... .o o i 250 Volts

Plate Dissipalion........ 300000005 a0000000000000 ... 12 Watts

Screen Dissipation....... 5090000000909000000000000a 2 Waltts
42
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Recommended operating conditions are:

Heater Voltage.................... 6.3 6.3  Volts
Plate Voltage. ................... .. 230 315 Volts
Screen Voltage. .................... 250 225 Volts
Grid Voltage. .. ................... —12.5 =13 Volts
Peak Input Signal. ..., ............ 12.5 18 Volts
Plate Current (Zero Signal).. ... ... 15 34 Ma.
Plate Current (Max. Signal). ... ..., 17 35 Ma.
Screen Current (Zero Signal). ... .. .. 4.5 2.2  Ma.
Sereen Current (Max. Sigual). ..., .. 7.0 G.0  Mu,
Load Resistance................... 5000 8000 Olms
Power Output..................... 4.5 3.5 Wails
Total Distortion. .. ................ 8 12 I'er Cent

For the 250 volt condition the dissipation values computed from

the above figures show:

Zero output plate dissipation is 230X0.045=11.25 Watts

Zero output screen dissipation is 250X0.0045=1.125 Watls
Full output plate dissipation is (250NX0.047) —4.5==7.25 Walts
Full utput sereen dissipation is 230X0.007=1.75 Walls

We sce, therefore, that as the output goes from zero to 4 5.§W:ltts
the plate dissipation drops from 11.25 watts to 7.25 watts while the
screen dissipation increases 0.625 watt.

Similar computations could be made for the 815 volt condition. r:It
is to be noted that the recommended operating conditions have heen
designated so as unot to exceed the maximum dissipation ratings.
One should bear in mind that published ratings represent average
tubes and that any particular tube when measured may differ to
some extent from these fignres for plate and scrcen values, power
output and distortion.

SPECIAL PRECAUTIONS

It has been pointed out that hecause of the reduction of minimum
. . . . ¥ N
plate voltage which occurs with increase in load, the average and
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maximum values of sereen current increase with load resistance.

Hence, permissible sereen dissipation limits the maximum load that
‘an be emploved.  This justifies the precaution that the Joad should
never he removed from the ontput lransformer secondary of a
penitode or beam tube sinee the effective load impedance will inerease
and the resulting excessive sereen dissipation will damage the tube,

Removing the plate voltage, without also removing the sereen
voltage, gives rise to abnormally ligh screen currents even though
rated screen voltage and rated bias are normal. This means ex-
cessive sereen dissipation will be encountered and the tube soon
ruined if operation continues.

Dissipations higher than the specified maximum values generally
result in detrimental effeets suel as secondary emission, high gas
currents, warpage of tube elements and actual tube destrocetion.
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SERVICE TO SERVICEMEN

The Service Helps shown on the following pages are only a few
of the generous assortment of Sylvania Sales and Service Helps
made available by Sylvania Electric Products Inc., most of which are
free upon request. Semi-technical literature for the serviceian such
as Characteristic Sheets, Tube and Base Diagram Charts, Tube
Correlation Charts, the Tube Complement Book at 35c and
the Technical Manual at 35c, are in constant demand. Window
displays, streamers and transparencies, price literature, circulars,
book matches, electric signs, mailing cards, newspaper mats, and
plain or imprinted tube stickers are provided generously as an as-
sistance to dealers and servicmen. All items shown are typical—
styles and prices are subject to change without notice.

Sylvania News, a regular monthly publication featuring a sep-
arate Technical Section, items of trade interest, personal interviews,
and service helps, is available to everyone. Further information
about Sylvania News, Sylvania Radio Tubes, and any of the sales
or service helps, may be obtained from your local Sylvania Dis-
tributor, or by addressing your inquiries to Sylvania Electric
Products Inc., Emporium, Pa.

* ® »

In addition to its acknowledged position as a leader in the field
of receiving tubes, Sylvania Electric Products Inc. is also prominent
as a manufacturer of Incandescent Lamp Bulbs and Flaorescent
Lamps and Fixtures.

For more than thirty-five years, *Sylvania Lamp Bulbs, manufac-
tured at Salem, Mass., have been recognized as a standard. There
is a *Sylvania Lamp Bulb for every lighting requirement, domestic,
commercial, or industrial. Correspondence should be addressed to
Sylvania Electric Products Inc., Salem, Mass.

We invite inquiries regarding the products of our Receiving
Tube, Incandescent Lamp Bulb and Fluorescent Lamp Divisions,

*Formerly Hygrade.
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SYLVANIA BUSINESS FORMS
r 7 F:__" r\ﬁ

| {

1
1
: ' | . |
- - e —
223 212
THREE-IN-ONE SERVICE FORM JOB RECORDS
A ccmplete job record for your files; cus- Customer's record and receipt and
tomer’s invoice and guarantee, and imprin- a complete job record tor your
ted follow-up cards; all in one handy form, files. Imprinted.
perforated for easy use. 100, .$1.00 250 . %1.75
100. . §1.50 250. $2.50 500..$4.00 500, . §3.00
I"svmfa : ST
v tans
| 214

[ | SERVICE BILLHEADS

| 100....8 .75 250....81.28
$00....$2,00
Imprinted
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AND STATIONERY

\ R L :

ORD
NESS REY

puRPOSES
yoR \NCME.‘:} e

352
A simprified method
o! maintaining ac-
el - : curate records for
“:"a-m serateen® e your  information
\ furt \ t :
—
\ e I
A
V \

and for tax pur-

; poses. $1.00
\ s S g i N E

\ 1om bt 7
“_4 \ =

i l.’_
=
\-ccx' e e
50
i “a’f’ 1 \ﬁfz.-.gl
| \ J
- 215
ENVELOPES
100....8 .50 250....%1.00
500....%1.50
Imprinted

& SYLVANIA:

VOF QRAMITY ERES Meatt
TN ety

3
g hait 200 STATIONERY 20t
Radio Dealer style (200)
116 Serviceman style (201)
BUSINESS CARDS 834x11, two-color, with envelcpes, both im-
Two Colors—Imorinted printed,
250....75¢; 500....$1.00 250..3$1.75  500..$3.00 1000. . $5.00
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®
TECHNICAL BOOKS

- " f

SYLVANIA NEWS ok ‘
Tothnionl Section Vi
AR T et |

208—SERVICE HINTS
. BOOKLET
Practical advice on unusual
service problems. FREE.
HINTS BOOKLETS

(not illustrated)
226-Radio Tube Hints.

TECHNICAL SECTION BINDER 227-Radio Circ}xit Hintas.
Containing all back Issues of Technical 228-Radio Equipment Hintas.
Section from May, 1935........ $1.00 These booklets contain help-

ful information on circuits,
tubes and test equipment-

FREE

202
Cowmplete Data on Sylvania
tubes with supplement to
date s0av0a0asasacsI®

218
COMPI.EMENTS of tubes
for all makes amd modele of
rudio &rts; much other
valuable dite pwr available
elgewhers. .. ...,... .3Sc..
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®
AND

CORRELATION OF TUBE i
TYPES FOR SUBSTITUTION §

: |

205

Sytvanic, .

RADIO TUBIS

.
U ﬂIﬁE[EIlS 105

211

LITERATURE

SYLVANIA ®BASE CHART

206
BASE CHART
Base views for Sylvania tube
indexed by types and basss
FREE
205
TUBE CORRELATICN CHART
isting Equivalnt and Similar ‘Types.
REE
211
CHARACTLERISTICS SHEET

Characteristi t Syivaria tnbes and
X 1 with rube base views

I
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!—.

SALES

50
MICA KIT

Generous supply of high-grade mica
with low dielectric loss, )uut right
| for use in service work, | 10c

SYLVANIA

M0 SENES

WINDOW
TRANSPARENCY
FREE

SERVICE KITS
t. profassional for ser
viow salle.  Reom for tubes,
TE tools.
Vo, 204 - (10217x7 m(Ivs ]
3.00
0. 203A inot illetre )
1082248 ivches) 15.00
Sturdy sensirection, olack
l-mhervttc covering, metal
fttings, and handy ool
! tray.
No. 803 3—(10x17x7) Price $3.00. Sarue as No.20)
but with black and white airplane cloth cowsring.
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TUBE STICKERS

[mprinted (110), Roll of 2000.. 31 .00
Plain (114), Roll of 1000.. .. 25¢

I wViVAN, T '
T — ' -
— i S b :
110

e rmwe e 11 LA mee oy

SERVICE STICKERS

..........31 25
$2.00

Roll of 1060.
Roll of 2600. .

PROMOTION




®
SPECIALTIE

301
SERVICE JACKET

Tweed mixture dungaree cloth, for
hiome service calls, counter salesawn,
cthop wear. Sizes: 30, 38, 40, #2, &

$1.75 each,

S

302, 303
SHOP COAT .302)

Same waterial as 301. Full langth,
apeciai protrciive features.  Sizeg #6
to £4

$1.95 each

SERVICE CAP (303)
Matches 301 and 302. Small, 6%4; medium 71i; large, 73, 25c each.

JA—SHOP APRON tnot illustratsd)

Heavy greem duck with twe Mirge, one —LI
Very popular with servicemen. ..., ... ...00

a1
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