
E /KNOX REPLACEMENT
CONDENSERS AND RESISTORS

The Aerovox line
includes a complete
variety of replacement
units for every con-
denser a n d resistor
requirement.
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CONDENSERS
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BLOCKS

PAPER WOUND
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RESISTORS

CARBON
RESISTORS

WIRE WOUND
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METALOHM
GRID LEAK
RESISTORS
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RESISTORS

ADJUSTABLE
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RESISTORS

AFEW CENTS
SAVED on the cost

of a replacement part is
of small importance
where an enterprising
service man cares to es-
tablish a reputation for
the work he does.

The most reliable
service men in every lo-
cality demand Aerovox
products because they
know Aerovox units not
vnly incorporate the
ery best of materials

and workmanship, but
are also made in exact
accordance with set
manufacturers' original
specifications as to size,
mounting arrangements
and electrical character-
istics. In fact, they
know that the voltage
ratings of Aerovox con-
densers are in many
cases even far in excess
of the units they replace!

Save all trouble and
expense in making good
on poor condenser and
resistor replacements.
Insure every job with
genuine Aerovox re-
placement parts a n d
avoid any possible re-
flection on your work.

ELECTROLYTIC REPLACEMENT
CONDENSERS

Built to Outlast the Life of
Any Radio Receiver

Aerovox replacement
condensers in cardboard
box containers are pre-
eminently acknowledged
the most dependable and
efficient condensers made.

Type PB condensers
with mounting flanges are
obtainable in all standard
capacities and voltage
ratings for general service
replacement requirements.

Type ye

Type PR units are com-
pletely sealed in cardboard
tube containers with ware
leads securely riveted to
the condenser terminal tabs. Tyner%

REPLACEMENT UNITS FOR STANDARD
A.C.-D.C. MIDGET RECEIVERS

Identical in every way
to the original units
used by manufacturers
in all st and a r d sets.
Cardboard c o ntainer
typeu with two heavytype

flanges.
Write for Completez;ervolt

Products.
Pttge Catlog Folder

BEWARE 01 bl BS CITUTES FOR
AEROVOX PRODUCTS!

Lnol, for the E Yellow and Black
Label/ and Bon
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Radio Editors of
magazines and news-
pepefl are hereby
given permission to
reprint in whole or
in park with proper
credit to the Aerovox
Cmpo re tin a,the oon-
tents of this issue of
the Aerovox Research

Worker.

Ti, Aerovox Re-
search Worker is a

monthly home organ
of the Aerovox Cor-
poretioa. li is pub-
lished to bring to
the Radio Experi-
menter and Engineer
authoritative, fist
hand information on
condensers and resio
tanoes for radio work.
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The Importance of Proper Cathode
Bias Filtering

By the Engineering Department, Aerovox Corporation

T is common practice to secure bias
for amplifier tubes by inserting a
sistor in the cathode lead of the

stage under consideration and con-
necting both the grid return lead and
the negative plate voltage lead to the
end of this resistor furthest from the
cathode connection. Plate current
returning to the cathode flows
through this resistor and produces a
voltage drop across it. The negative
end of this resistor being connected
to the grid return gives the grid a
corresponding negative bias.

A.C. currents in the plate circuit
returning to the cathode pass through
this resistor and set up voltages there
which are 180° out of phase with the
grid voltage-and in fact detract from
the voltage actually applied to the
grid.

The cathode bias system therefore
of trouble and may cause

bad degeneration at some frequencies,
or may cause regeneration and di.
tortion ifs oproperly handled.

The common practice is to by -Paso
this resistor with a fairly large
capacity, but economy makes it desir-
able to keep this capacity as low as
possible. To make more effective a
small capacity across the bias resistor,
a filter resistor is placed in series with
the plate voltage supply forcing a.c.
currents to flow directly to the cathode
bias resistor. Certain combinations of
filter resistance and shunt capacity
produce good effects, certain others
may produce regeneration or severe
loss of low frequencies.

The nature of the load impedance
affects the degenerative effect pro-
duced in the grid circuit causing not

only a loss in voltage, at some fre-
quencies, but a shift in phase as well.
The entire problem, therefore, is not
as simple as it might appear at first
glance. At audio frequencies the prob-
lem becomes of importance, especially
where a good frequency characteristic
is desired. At the low frequencies the
effective filtering of the plate and grid
circuits assumes considerable import-
ance.
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Consider Fig. 1 which is the typical
case where an input voltage eg. is
applied to the tube which has a resist-
ance load, the 4 mfd. condenser being
the capacity across the output of the
power supply. This may be repre-
sented by Fig. 2 where the voltage
applied to the grid becomes multiplied
by the mu -factor of the tube when it
reappears in the plate circuit. There-
fore this value mu eg. may be shown
as in series with the load resistance,
the cathode bias resistance and the
internal resistance of the tube.

Calculations on the degradation of
voltage will show the effects of vari-
ous combinations of bias resistor,

capacity and filter resistance in the
plate circuit.

In a particular case a tube with a
inu-factor of M and an internal resist-
ance of 5000 ohms had a resistance
load of 10,000 ohms. The bias resist -

as 1000 ohms by-passed with 2
mfd. having a reactance of 1000 ohms
at 80 cycles. Across the B voltage
supply was 4 mid.

The voltage actually applied to the
grid under these conditions was 0.757
per volt impressed across the input
iircuit. In other words for every volt
mpressed only 0.757 actually got to
the grid. This was at 80 cycles, at
higher frequencies where the react-

or the by-pass capacity becomvs
lower ts effect becomes greater and
of course rnore voltage will get to
the grid. The important point, how-
ever, is the fact that at the lower
audio frequencies the inclusion of
insufficient by-pass capacity lowers
the response.

If the amplification of the stage is
reduced to 3, for example, instead of
it, the effective voltage applied to the
grid is increased-there is less degen-
erative effect. Increasing the by-pass
capacity will have the same effect.
Putting a filter resistor in the plate
voltage supply at X will eliminate the
bad effects of small by-pass capacity
-but will cause a loss in plate volt-
age.

If the tube load is a transformer
with a resistance of 100 ohms and a
reactance of 10,000 ohms at 80 cycles
the voltage on the grid becomes 0.915
per volt applied to the input-which
is less loss than occurs with the resis-
tive load.
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If with the resistive load the by-
pass capacity is increased to 8 mfd.
the grid voltage will become 0.92
instead of 0.757-but the cost of the
condenser and the space required for
it go up. If a suppressor resistance
of 5000 ohms is inserted at X the grid
voltage becomes 0.966 instead of
0.757. The voltage loss across this
filter resistance would become pro-
hibitive if the circuit were that of a
power tube drawing appreciable cur-
rent. In this case a choke of low
resistance but high inductance might
be employed. Under these conditions
the voltage getting to the grid might
be greater than that applied from the
preceding stage indicating an actual
amplification or regeneration effect in
the tube.

All of which shows that cathode
bias circuits are not to be taken
lightly.

TELL YOUR ASSOCIATES
THAT THEY TOO SHOULD
GET THE RESEARCH
WORKER . .

We want all who are inter-
ested in the technical develop-
ments and practices of radio
work to become subscribers to
this paper which has served so
many a a source of helpful
information. Send us their
names and we will be glad to
mail them a sample copy.

CAPACITY TEST FOR ELECTROLYTIC
CONDENSERS

It is often necessary or desirable
for engineers or service men to deter-
mine the capacity of electrolytic con-
densers. This problem is not so simple
a matter as measuring the capacity
of an air dielectric condenser or of
mica or paper condenser. The circuit
in Fig. 3, however is simple, does not
require costly apparatus, and meas-
ures the capacity of this type of con-
denser accurately.

It consists essentially of an
transformer of about 6 volts across
the secondary. Across this secondary
is placed, in series with a switch, a
0.7 ohm resistor to

with
the regu-

lation by providing a load for the
transformer to work into. The 100 -
ohm potentiometer permits adjust-
ment of the voltage to be applied to
the condenser under test.

The meters are both 1 -milliampere
Weston rectifier type units, one read-
ing voltage and the other milli-
amperes (LO ma full scale). Various
shunts are provided for reducing the
sensitivity of the ammeter in meas-
uring condensers of various capacities.
In measuring large capacities the
loading resistor across the secondary
of the transformer is removed to per-
mit sufficient voltage to be impressed
across

ma

the capacity. TMs is acres.
sary due to the poor regulation of
the transformer which y be the
type ordinarily used to supply power
to light the heaters of automotive type
tubes (6.3 volts).

In practice the voltage across the
condenser is set at exactly 2.65 volts
'Then the reading in milliamperes will
be equal to the condenser capacity in
microfarads.

The following table gives the values
of shunting resistance to be used
across the ammeter for various
capacity ranges.

Ammeter Shunting Resistance
11.. Ws. Ohms Rangy atm. Ohms

10 mfd. 1149.0 3 mfd. 317.2
100 mfd. 106.7 30 mfd. 31.5
1000 mfd. 11.55 300 mfd. 3.6
10,000 mfd. 1.05 3000 lard. 0.34

Total voltmeter resistance -5,430
ohms.

All the shunts are of the variable
type except the 1.05 and 0.34 ohm
units.

This test instrument will prove very
useful in testing electrolytic con-
densers of practically any capacity
and will give reasonably accurate
results provided the unit is carefully
constructed. Of course one of the
most importantpoints is the shunt

resistances across the miSiameter, for
the accuracy obtained will depend
almost entirely on how careful these
shunt resistors are made. It is desir-
able that the resistance of the meter
used be measured to determine its
resistance, although for general serv-
ice shunts of the value indicated will
be satisfactory.

One of the advantages of this in-
strument, of course, lies in the fact
that the reading in milliamperes will
be equal to the capacity in mfds. That
this is true can be seen from the fol-
lowing.

The current in amperes flowing
through a condenser at 60 cycles is
equal to 377 times the voltage times
the capacity in farads as shown i

en

the formula below:
I= 377 E C

In terms of mfds. and milliamperes
the current is equal to 377 times the
voltage times the capacity in mfds.
times 100.

I ma 377 . EnC mfds.. 10-s
Solving this equation we have

If I ma = C mfds. then

C das-.

therefore I = 377 E a 10,

and E= 7-4 2.65 volts
377

The Last equation indicates that
when the voltage is equation 2.65 volts
then the current in milliamperes is
equal to the capacity in mfds

This method of measurement is, of
course, in error slightly due to the
fact that the impedance of a con-
denser is not exactly determined by
its capacity but is determined by its
capacity and its eerie s resistance.
Ilowever, the error involved is no
large and the method therefore i
generally satisfactory.

PLEASE NOTIFY US OP YOUR
CHANGE IN ADDRESS

In order to in receiving
each and every issue of the
Research Worker and also save
us considerable expense in ob-
taining address changes, kindly
advise us when you move giving
us your old address and the
new. Thank you.
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IMPROVED TYPE 48
OUTPUT TUBE

New ratings have been announced
on the type 48 tubes, the 30-volt
heater type tubes used in power out-
put stage of universal -type receivers.
These new ratings are based on new
values of plate and grid voltages. The
tubes now have a mutual conductance
of 3800 micromhos.

With 96 volts on the plate and - 19
on the grid, a power output of 2
watts can be secured into a 1500 ohm
load. With 125 on the plate and - 20
on the grid the output becomes 2.5
watts into 1500 ohms. The distortion
under the two cases is 9.0 percent.

When operated as a triode, two of
these tubes in push-pull deliver 3

watts with maximum distortion of 3
percent; as a tetrode the output
becomes 5 watts with 9 percent dis-
tortion.

Thus the 48 is a versatile tube. It
has the advantage of a high filament
voltage useful in universal receivers.

New Data On the 6A7
Some trouble has been had in the

past with the IA6, the 2A7 and the
6A7 both with short life and with
oscillation irregularity on the higher
frequencies. The lack of good life was
apparently due to faulty coil design
which permitted the plate current to
reach too high values with the result
that the cathode coating flaked off
and poor emission resulted.

An additional tube bridged across
the 2A7, and others of this type,
enable greater excitation to be
secured at the higher frequencies. A
simpler method has been suggested
consisting simply in putting a sup-
pressor resistance in the grid lead.
On the higher frequencies where the
input reactance of the tube becomes
low the effect of these resistors (500
or 1000 ohms in value) becomes less
on limiting the oscillation than at low
frequencies where the input reactance
is high. Therefore the inclusion of
such resistors irons out unevenness
in oscillation amplitude and produces
a more uniform voltage.

A microammeter placed in series
with the grid lead will register the
steady rectified current to the grid.
This value of 'current multiplied by
the grid resistance give an indication
of the output of the tube. With pres-
ent circuits this voltage may vary
over rather wide limits as the fre-
quency is changed. Thus one tube man-
ufacturer states that the value of Ig
Rg may vary between 9 and 13 volts,
a range of 4 volts or even more. With
the suppressor in the circuit this vari-
ation may be ironed down to a change

of only 2 volts. Thus oscillation
occurs much more evenly over the
band covered in multi -range receivers.

Another method of producing a
dready output is to use a series pad-
ing condenser providing additional

coupling between oscillator primary
and secondary. The trouble in the
past has been that sufficient coupling

SEND US YOUR COMMENTS
AND SUGGESTIONS

We want always to publish in
the Research Worker articles
which will be of greatest interest
to our readers. The most logical
way of determining this is by
receiving comments or criti-
cisms on thc material featured.
Such comments and suggestions
help considerably in the prepara-
tion of articles for future issues.

If there are any particular
subjects dealing with the use of
condensers and resistors in
radio circuits that you would
like to have discussed in these
articles appearing in the
Research Worker, please let us
know and we shall endeavor to
meet your wishes with interest-
ing and helpful information on
the subjects.

between coils to produce steady oscil
lotions at low frequencies produce
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les. This is true because any curren
flowing through this capacity at high
requencies will produce only a small
voltage (because of the low reactanc
of the condenser) but at low frequen
ies the reactance of the condense

higher and any current flowing
hrough the condenser will increasse

coupling between primary and
condary.

Greater ease starting oscillation
will be secured in some cases by con-
necting the grid resistance to ground
instead of to the cathode. The plate
voltage may be reduced in such cases
materially.

RIPPLE CURRENT RATINGS OP
ELECTROLYTIC CONDENSERS

In the use of electrolytic condensers
it is important not only that the d.c.
voltage ratings not beexceeded, but,
theoretically at least, that the a.c.
ratings are not exceeded. We say
.theoretically" since the amount of
ac. current which an electrolytic con-
denser can handle is definitely limited,
although,. practically we find that the
circuits in which electrolytic con-
densers are used generally apply to
the condenser less a.c. voltage than
the condenser is able to withstand.
Asa result there is generally no diffi-
culty in using electrolytic condensers
in ordinary filter circuits because in
such filter circuits there is not min-
cient a.c. to overload the condenser.

The a.c. currents to which we refer
to above are the so-called "ripple cur-
rents" which are present in the out-
put of a rectifier tube. It is, of course,
the function of the filter condenser to
absorb these a.c. ripple voltages so as
to apply only pure d.c. to the radio
receiver. However, the effect of these
ripple currents flowing through the
condenser is to cause the condenser
to become warm and therefore an
excessive nt of ac. current
through they condenser would cause
the temperature of the condenser to
rise excessively.

To give sorne idea of the manner
in which condensers are rated with
respect to the ripple voltage they can
handle the following figures will be
of interest. A complete chart of these
ratings will be found on page 3 of the
December, 1933, issue of the Research
Worker. These figures refer to ripple
voltage at 120 cycles which represents
the frequency output from a full wave
rectifier. The voltages given are peak
ac. voltages. The voltages as read on
an ac. voltmeter would, of course, be
equal to these peak voltages 'divided
by 1.4.

For example, an 8 mfd. 450 volt
working voltage condenser is rated
for a peak au voltage of 25 volts.
For higher capacities the ac. voltage
the condenser can withstand is lower.
For example, 15 mfd. condenser can
only withstand 15 volts peak a.c. The
larger capacities can stand less volt.
age because the current will naturally
be much greater with larger mule-
ities. On the other hand, low capacity
condensers, for example, a 1 mfd. can
stand a higher voltage in the order
of about 30 volts peak a.c.

Of course, it will be noted that in
all cases the condenser has placed on
it a d.c. voltage in addition to the
a.c. voltage. Readers will appreciate
this since they are undoubtedly
familiar with the fact that ordinary
electrolytic condensers are designed
only for polarized service and are not
to be used on a.c. only.

Page 2 Page 3


