AuTO - RADIO CONDENSERS

LWAYS remember this: the more sensitive the auto-radio

set, the more thorough must be the noise-suppressing equip-

ment. That is why AEROVOX has made a critical study of
auto-radio noises and has developed a line of better units.

cases with straight or curved
mounting brackets.

AEROVOX Auto-Radio Condensers are of °

special construction to meet the severe condi-

tions of high temperature, extreme mechanical

vibration, and exposure to weather. Units are

Ammeter condensers in cartridge
cases, with two flexible leads and

> spode lugs.
extra-ruggedly built, housed in heavy casings,

thoroughly impregnated and sealed against °
weather, Oil-impregnated vibrator conden-
sors in shurdy metal cans.

Dome light filters to eliminate

clicking of dome light switch.
In every instance the unit is more than gen-

erously designed for noise-suppressing ca- O

pacity. It will take care of the worst case of  Tupuiur paper condensers for vi-
background noise, and give that super-sensitive  brator noise suppression.

set a fair chance. Only by means of this

extra filtering capacity can satisfactory auto
radio performance be realized.

o

Have You Owur Catalog? Containsalist-
ing of Auto-Radio Condensers, as well as the most com-
plete line of condensers and resistors for all radio needs.
Ask your jobber for copy, or write us direct.
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The Use of Oil Condensers
in Amateur Transmitters

By the Engineering Department, Aerovox Corporation

THE design and construction of
transmitters employing_ high volt-
ages requires careful i ion if

The design of a power supply brings
its (‘:’omplicﬂtions only, if the unit is
e subj

freedom from breakdowns is to be
had. Such breakdowns are the more
costly and dangerous the higher the
voltage and the power of the trans-
mitter. Therefore the amateur will
find it profitable to learn the magni-
tude of the voltages existing in differ-
ent parts of his equipment and to
choose his parts accordingly.

Apparently, many amateurs are not
aware of the actual voltages and cur-
rents which occur in their transmitter
with the result that they may use
parts which are not able to withstand
the strain. This article aims to point
out the maximum voltages, currents,
peak currents, etc. which occur in typi-
cal power supplies for transmitters.
This is believed to be best fulfilled by
taking a set of requirements as an
example and working out every step
in the design of a power supply.

STATING THE PROBLEM

The most logical order of events
would call first for a decision as to
the power to be obtained in the out.
put s‘aie. Then the amateur should
study the characteristics of the vari-
ous tubes which might deliver this
output and’ choose the one which he
considers most desirable. This deci-
sion may be based on suitability of
the tube for a_particular frequency
range or the price of the tube or the
power sensltivitf or its output for a
given plate voltage, This decision
alone may considerably influence the
total expense of the whole transmitter
and should be carefully considered.

to to widely varying
loads. This appears to happen only in
telegraph transmitters and class B
stages. However, a little survey has
indicated that plenty amateurs have
their high voltage supply for class C
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amplifiers in operation when standing
by. Instead of doing the switching in
the primary of the high-voltage trans-

‘former, it is done somewhere in the

load and the whole unit is running
without a load. Thus we can take
such a arrangement as an example.
One of our acquaintances, W2ZZZ,
had his mind set on a pair of 304B
tubes since they were especially suited
for 60 mc. According to the instruc-
tion sheets supplied by the manufac-
turer this tube requires the following
voltages and currents when used as a
modulated class-C amplifier. D.C.
plate voltage, 1000 volts: Plate cur-
rent, 90 ma. per tube: grid bias,—310
volts; grid current, 17.5 ma.; grid driv-
ing power, 7.5 watts; power output 60
watts per tube.

Assuming that the power supply in
question is to supply the plates of
these tubes only and that the buffer
and oscillator stages have their own
supply, the problem is to design a
power supply which will deliver 1000
volts at 180 ma. (for two tubes) under
load with a ripple of less than 1 per-
cent. The power supply must be de-
signed so that it can run without a
load for considerable time.

WHICH RECTIFIER CIRCUIT

The first move is to decide on a
rectifier circuit and a suitable rectifier
tube. Before this can be done intelli-
gently it is necessary to remember
that the conditions stated above im-
ply the use of a bleeder resistor which
adds to the load current; also, the
filter, the tube and the transformer

h. er voltage
and higher current than the original
requirements; how much higher will
be discussed presently.

There are several possible rectifier
circuits: the half-wave rectifier, the
full-wave rectifier, the bridge rectifier
and the voltage doubler. The half-
wave rectifier and the bridge rectifier
will deliver the same voltage from the
same secondary but the plate voltage
and the inverse peak voltage of the
bridge rectifier are only half that of
the half-wave rectifier. The full-wave
rectifier delivers only half the voltage
of the half-wave rectifier (for the same
total secondary voltage), while the
voltage per plate is only half as much,
the inverse peak voltage is the same
as in a half-wave rectifier circuit. The
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voltage doubler circuit delivers twice
as much voltage as the half-wave and
four_times_as much as the full-wave
rectifier with only half the voltages
across the tubes.

One may eliminate the half-wave
and the voltage doubling circuit at

Figure 1, is like the graph shown in
Figure 2. It is the duty of the first
filter section to smooth out the ripple
and the voltage across Cl is approxi-
mately equal to 1/1.57 of the peaks
shown in Figure 2 minus the voltage
drop in the choke plus the ripple. 1f
there is a second filter section (Figure
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once in the present example. The
half-wave circuit requires more filter-
ing and larger peak currents in the
rectifier. The voltage doubler must
be run with condenser input and the
currents to be drawn are so heavy
that the ratings of the smaller rectifier
tubes are likely to .be exceeded.

Table I shows some fundamental
relations between currents and volt-
ages in a full-wave and a bridge recti-
fier. These figures apply to choke in-
put circuits only and assume that the
input choke has infinite impedance. In
cases where the actual peak current is
required the finite inductance of the
choke has to be considered; an equa-
tion will be given later. The values
are given in terms of the average
d.c. load current or voltage. The drop
in the rectifier and in the transformer
is neglected and a transformer with a
1 to 1 ratio is assumed.

It will be seen that the current re-
quirements per tube are the same for
full-wave rectifiers and bridge type
rectifiers. Since both the current and
the voltage i for

3), the next condenser, C2 is subjected
to a lower voltage due to the voltage
drop in the second choke. But if the
load is removed and no current flows,
the condensers (both C1 and C2) will
be charged up to the peak voltage of
the transformer secondary, 1.57 times
the average d.c. voltage at A. In our
example that would be over 1600 volts,

In order to prevent the voltage from
reaching this maximum, the following
condition must be fulfilled according
to Terman:

oLy >
- 2

peak volts of fundamental ripple
nent

d.c. voltage output
inserting values for full-wave rectifi-
cation of 60 cycles, we have

R
> =
L = 1125

_This cquation determines the rela-
tion between first choke and bleeder

bridge type are somewhat large for
type 83 or 5Z3 tubes, it is more ex-
edient to employ high-voltage recti-
gers in a full-wave rectifier circuit.

Table II shows the characteristics
of the rectifiers used by amateurs.
Keeping in mind that the output volt-
age is to be more than 1000 volts and
that the required a.c. voltage per plate
is to be 1.11 times the d.c. output volt-
age, we find that the table shows the
following suitable tubes: RK19, RK21,
RK22, 836, 866. In the case of the
latter two tubes one must watch the
peak inverse voltage and the peak
current, both given in table I. So for
instance, the maximum obtainable d.c.
voltage from a circuit employing 866
in full-wave arrangement is 7500/3.14
== 2400 volts, approx. In the particu-
lar transmitter illustrated, the 866
tube was chosen.

When a choke-input filter is used
and the choke is above a certain criti-
cal value, the voltage appearing at A,

S t is most [;;ractical to ob-
tain the choke first. Under full load
conditions, the choke must be large

this becomes quite expensive. ‘There-
fore the swinging choke is used; this
device is so designed as to vary its
inductance due to saturation when the
current varies; thus it can satisfy both
requirements.

The next step is to the catalog of
the choke manufacturer. It will be
seen that a standard size choke with
large enough current rating (and do
not forget the voltage rating) has an
inductance varying between 5 and 25
henries.

. Insert the value of 25 henries in the
equation above and find the maximum
bleeder resistance:

R =25 X 1125 = 28125 ohms

It is much better to employ a lower
value, if possible. In our case 20,000
ohms was used. This brings the total
current to 180 + 50 = 230 ma.

The peak anode current in the tube
can now be found from the equation
given by Terman:

Peak current with finite inductance
Peak current with infinite

inductance
E, R,
T+ Fao oL

where E, is the peak of the ripple
(fundamental), R, is the full load re-
sistance
substituting values:
Peak current =
667 1000 1
20 1+ x 0 >‘755><5)
= 407 ma.
this is within the rating of the tube.
THE FILTER
It was stipulated that the ripple.at
120 cycles should not exceed 1 per-
cent. According to table I there is a
ripple of 48.3 percent at the input of
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enough to prevent the peak current
from rising beyond the rating of the
tube. This requirement is different
from the previous one and, in general
calls for a smaller choke. It would
be very good to obtain a choke which
has the larger of the two values and
is rated for the maximum current but
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the filter. The attenuation in any fil-
ter section is given by the equation
1
att = Jre
under the provision that wL is very
much larger than oC. Inserting values
in the above equation it is seen that

Y
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the required amount of ﬁl‘erinf can-
not easily be obtained in a single sec-
tion unless very large condensers are
used, Note that the value of L is §
henries because we are considering
full load conditions.

A standard condenser of 4 mid.
would cut the ripple down to

) 83 _
ripple = TeE o5 g 3%

A similar calculation will show that
the ripple will be cut to .2 percent
with a second filter section employing
a 10 henry choke and a 4 mid. con-
denser. When deciding on the choke
and condenser sizes one is cautioned
to check that they do not resonate at
the frequency of the ripple, for that
would increase the hum instead of
decreasing it. If the reactance of the
choke is much higher than that of the
condenser (at ‘f;i'fed‘en times) . this

mifd. condenser at 120 cycles is 1,000,
000 (6.28 X 120 X 4) = 332 ohms.
Therefore these values for choke and
condenser will be satisfactory and will
not resonate at 120 cycles.
Summarizing our efforts so far, the
bleeder resistance required is 20,000
ohms able to carry 50 ma., or at least
40 watt rating. A swinging choke
5-25 henry, rated at 230 ma. and in-
sulated for better than 1000 volts. A
second choke, 10 henry also rated 230
ma. and over 1000 volts. The two
condensers of 4 mfd. should be of the
oil-impregnated oil-filled type. The
voltage rating had best be decided
after the transformer has been chosen.

The chokes in our sample trans-
mitter had resistances of 60 ohms
each, which makes the voltage drop
in them 120 X .23 = 27 volts approx.
The drop in the mercury vapor tube
is constant at 15 volts, Now the
secondary voltage required each side

This does not allow for reactance and
resistance drop in the secondary it-
self; for that reason it is good to add
about 10 percent. The next standard
value of secondary voltage would be
1250 volts, while ‘the current rating
should be at least 230 ma. d.c. The
actual alternating current in the wind-
ing would be .707 X 230 ma. if the
inductance of L1 were infinite but it
will now be more.

Last but not least come the voltage
ratings of the condensers. If there
were no surges, a rating of 1.4 X 1250
volts should be safe, When the power
is switched on and off there are volt-
age surges which may reach 2500 volts
according to tests made. The lowest
rating which could be employed here
is 2000 volts; an occasional 2500 volt
surge is permissible, The constructor
should make sure that his surges are
not unreasonably high by means of
a test with one of the peak voltmeters
described in an earlier issue or by
means of the cathode-ray tube. A
high-resistance voltage divider can be
employed.

ing to
The reactance of a 5 henry choke at sapie 1 P 15 [ound by referring
120 cycles is 6.28 X 120 X 5 = 3860 .
ohms approx. The reactance of a 4 Erms 111 (1000 + 27 + 15) volts
’ Table T
Full-wave
rectifier
verage d.c. output voltage E
verage d.c. output current I
ransformer secondary volts r.m.s. 1.11E per leg
§ secondary current rm. 0.7071 per leg
primary voltage r.m.s. L11E
primary current
ransformer secondary kva. 1.57EL
Transformer primary kva. 1.11EI
nverse peak voltage across rectifiers 3.14E
urrent per tube r.m.s. 0.7071
eak current per tul I
ipple frequency 2f
ipple voltage r.m.s. 0.483E
eak voltage of fundamental ripple component 0.667E
eak voltage of second harmonic 0.133E
eak voltage of third harmonic 0.057E

Bridge
rectifier

E

1
LI11E total
LUE

T
L11EI

Table IT
Rectifiers for Transmitters

Cathode

Maximum

P ac.volts output inverse pk. cur-
Type Description Type V. Amp.  perplate G, pk.volts rentma.
5Z3 Full-wave, high-vacuum Fil. 5.0 3.0 1400
80 Full-wave, high-vacuum Fil. 5.0 20 -
choke input
81 Half-wave, high-vacuum Fil. 7.5 125 o
82 Full-wave, mercury vapor Fil 25 30 1400
83 Full-wave, mercury vapor Fil. 5.0 3.0 1400
8V , high. Htr. 50 20 1100
836 f- , high. Fil. 25 5.0 5000
866 . , mercury vapor  Fil. 25 5.0 7500
866-A £ , mercury vapor  Fil. 2.5 50 10000
872 1f. , mercury vapor Fil. 50 100 7500
872-A 1f. , mercury vapor Fil. 50 100 10000
RK19 Full-wave, high-vacuum Htr. 1.5 25 3500
RK2l Half-wave, high-vacuum Htr, 25 4.0 500
RK22 Full-wave, high-vacuum Htr. 25 8.0 3500
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