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POWER SUPPLIES

FOREWORD

In this assignment we study an important appli-
cation of diode tubes—namely, operation as a rectifier in a
power supply for furnishing d.c. voltages from the a.c.
power mains. Since no amplifier tube can function without
plate (and grid) voltage, it is clear that the power supply
occupies a key position in electronic equipment, and by far
the most common type of supply is that discussed here.

The most obvious method of rectification is half-
wave, but this is used only in special cases. The full~-wave
rectifier is in general preferred for smaller units, and 1is
fully treated in this assignment. However, in larger power
supplies it is found desirable to employ polyphase recti-
fication, generally from a three-phase source. For example,
most‘transmitters of any appreciable size use this type of
rectification. The design considerations are, of course,
more involved, but are readily understood after the simpler
types of power supplies have been studied.

‘The next topic is that of filter sections, which
smooth out the pulsating output current by by-passing the
ripple components. The discussion 1is thorough, and treats
the matter in considerable detail. Such treatment is nec-
essary, for a power supply is of no practical value if the
ripple components are not made negligible in value.

Finally, the subject of voltage dividers 1is taken
up, and many 1llustrative problems are treated in order to
give the student a practical grasp of the subject. The
material is simple to understand, particularly since it in-
volves mainly Ohm's Law, but there are a number of practical
considerations—such as wattage ratings of resistors—which
must not be overlooked.

When you have completed this assignment, you will

undoubtedly be surprised at the large number of consider-
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ations involved. The material 1s not at all difficult to '
understand; nevertheless it requires study in order to have

a good grasp of the subject.

E. H. Rletzke,
President.
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TECHNICAL ASSIGNMENT

POWER SUPPLIES

The unilateral conductivity of the two element tube makes it ddeal as a
rectifier. The only current that can flow is due to (but not necessarily lim—
ited to, as will be explained later) electron emission from the cathode, When
the plate is positive with respect to the cathode, eritted electrons are at—
tracted to the plate and current flows through the tube and associated circuit.
When the plate is made negative with respect to the cathode, electrons are re—
pelled by the plate and hence, even though_the erission is the same as before,
no current can flow through the tube. Reverse current is prevented because
the electron erission is from one element only, the cathode. Thus if a two
element tube is connected in seéries with an alternator as shown in Figure 1,
plate current will flow only on the alternations which make the plate positive

with respect to the filament, This is shown in Figure 2.

N

AC, +
@ Alternator \/ Voltage
Pulsatlng /////’\\\\\ ////// Output
Current
Fig, 1, Fig. 2.

A more practical type of circuit is shown in Figure 3. This is a half-
wave rectifier in its most simple form used for converting alternating current
to direct current. The transformer may have a single primary winding and two
secondary windings as snown, (a step-down winding for filament heating and a
step—up winding for producing the desired plate voltage), or two separate
transformers may be used.

The direction of load current I is shown, from filament to plate within
the tube, from the plate through the load resistance, through the high voltage
secondary winding, and back to the filament. On the second alternation in whict

the polarity of the high voltage is reversed, no current flows through the load.

Wwww.americanradiohistorv.com


www.americanradiohistory.com

2, POWER SUPPLIES

Since current flows in a circuit from negative to positive, it particularly
should be observed that the terminal connecting to the plate is the negative
load terminal. This fact must always be remembered when working with tube
rectifiers.

In radio the principal use of a rectifier is
to supply plate voltage for vacuur tubes. Usually

Load
it is necessary that the plate voltage be perfectly

SANANANS—

I + uniform with negligible pulsations or ripple. This
necessitates the use of a filter, and it can easily
[TTUﬁTT] . be seen that to supply a‘constant unifoim flow of
o current fromw interrittent pulses as shown in Figure
Fig. 3, 2, will require a large and elaborate filter. If
the output pulses of current from the rectifier can be made more frequent the
filtering problem is reduced. This may be done with a full-wave rectifier con—
sisting of two tubes as shown in Figure 4, the output of which is illustrated

in Figure ©.

s l*j
I _
* 1 /////A\\\\\ Input
éL a A.C.
ol
A 2 I é \\/ Voltage
+ - .
? Output
I Fulsating
s D.C.
Voltage

Fig. 4. Fig. o,

The plates of Tubes 1 and 2 are connected to opposite ends of the high
voltage secondary winding, the center tap of which forms the negative terminal
of the rectifier. THE POSITIVE TERNINAL OF THE RECTIFIER CONNECTS TO THE
FILANENT WINDING AS SHOWN.

Being connected to opposite ends of the high voltage winding, the volt-
ages on the plates of Tubes 1 and 2 are 180° out of phase. When plate 1 is
positive,*plate 2 is negative and current flows only through Tube 1, Cn the
next alternation the condition is reversed and current flows only in Tube 2.

On both alternations, the current emerges from the center—tap of the high
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voltage winding, flows down through the load, and to the common filament ter—
minal. Thus the current in the load consists of two equi-directional pulses,
one for each alternation of the cycle, and for a given desired load current,
each tube is required to supply only one—half of the total current. With the
pulses of rectifier current closer together, the problem of filtering to a
smooth uniform current through the load is greatly simplified.

If a polyphase power supply is available the rectifier may be so designed
as to rectify each alternation of each phase. Thus with a three phase recti-
fier the pulses are separated by only 60° instead of 180°, the output voltages
overlap, and filtering is much easier because it is only necessary to siwoth

out the peaks. This can be seen from an examination of Figure €. The circuits

as used in such a rectifier will
///\\> be discussed later. It should be
—
/ \ / p01nted out that as the rlpple
frequency is increased the prob—
lem of filtering becomes easier,
Sty
the constants of the filter ele—

T T

3 Phase A.C. Input ments varylng 1nversely as the

square of the rlpple frequency
Pulsating D.C. Output Voltage (This will be discussed in | greater
detail later in this lesson.)

Tube rectifiers may be di-

vided into two principal groups,
Fig. 6. High Vacuum or Kenotron recti—
fiers, and Gaseous rectifiers. In both types, for high voltage operation, the
output current that can be delivered by the rectifier is determined entirely
by the filament emission. The operating characteristics of the two types are
quite different. Practically all of the rectifiers being built for high volt—
age radio use today employ gaseous tubes because of their many advantages.
Both types will be discussed.

HIGH VACUUM HIGH POWER RECTIFIER TUBES: The operation of the high vacuum
rectifier tube is exactly the same as any two element tube as described in the

preceding lesson. In order to obtain a high vacuum it is necessary to use a
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tungsten filament so that the tube can be evacuated at high temperature, To
approach saturation current it is necessary that the voltage between plate and
filarent be sufficient to completely counteract the space charge. With the
high filament emission necessary for large output current this will ordinarily
be in the neighborhood of 1500 to 1600 volts for a tube that can deliver 6 or 7
amperes to a load at around 15,000 volts.

Used in a three phase circuit in which six tubes are employed to deliver
a steady load current of 12 amperes, two tubes operating at & time at 4 amperes
each, the load being transferred from tube to tube according to the transforme
voltage variations, an average voltage drop of 1500 volts at 12 amperes rep-
resents a plate power dissipation in the rectifier of 18 KW, This is a typi-
cal operating condition for a high voltage rectifier using tubes such as the
Type 214. To supply filament emission each tube of this type requires 52
arperes at 22 volts, a total filament power of almost 6.9 KW, Thus the total
power loss in such a rectifier is approximately 25 KW, neglecting losses in
the transforrmer and filter. Due to the space charge loss of 3 KN per tube
which is expended in anode heat from electronic bombardment, it is necessary
to water—cool the plates.

With such a high space charge drop it is essential that the Kenotron rec—
tifier tube be very well evacuated. If the tube contains an appreciable amount
of gas, ionization will take place. The heavy ions, repelled toward the fila—
rent will bombard the filamwent to such an extent that jt may be damaged.

In the design of the Kenotron rectifier to supply a given output current
at a specified voltage, it is necessary to take the tube drop into considera—
tion. Assume that the simple full-wave rectifier of Figucre 4 is required to
supply a voltage of 15,000 volts across the load and that the tube drop is
1500 volts. Each half of the high voltage secondary, (between the center tap
and the plate) must be designed to deliver a voltage of 15,000 + 1500 or 16500
volts at the specified current.

Assume in the case of the three phase rectifier just discussed, a load
current of 12 amperss at 17,000 volts. This represents an output of 204 KW,
Assuming perfect transformers, the power input to the rectifier will be 204

+ 25 (rectifier loss) = 229 KW, and the operating efficiency is 204/229 = .89
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or 89 per cent.
Because of the high resistance o! the vacuur tube due to the effects of
the space charge, the regulation of such a tube is poor. 4 good example of C)
this can be seen in the.characteristics of the Type 80 rectifier tube as used
in receivers. With 300 volts RMS per plate, the d.c. output voltage at the
inbut to the filter with load current of 30 mils is 246 volts, (with choke in-

put to filter), representing a tube drop of :ggg (30) — 245 = 25 volts., Woen the
load current is increased to 100 mils, the d.c. output drops to 220 volts,
representing a voltage drop from an RMS transformer voltage of 300 volts to
a d.c. output voltage of 220 volts, or a voltage loss of .27, in the tube it~

self. The poor regulation of such a tube makes it entirely unsuited for use
R . po—

in a circuit in which the load fluctuates widely. Such a load is a Class B

—

audio amplifier.
Thus the principal disadvantages of the high vacuur rectifier are: /sz'L/,

regulation, large yoltage drop w1th1n the tube, large power d1ss1pat10n w1th1n

the tube due to plate bombardment and in the case of high power tubes, high ’Jhadz

first cost and the use of an 1neff1c1ent type of filament. Since the develop— gik'

rent of efficient gaseous rectifiers for both high and low voltages and wide

current ranges, the high vacuum rectifier tube has no apparent advantages and

is mostly used for replacements in installations of earlier design. The ex~

ception to this is in receiver design where the gaseous tube is not so popu-

lar due to interference set up in R.F, circuits. Regulation of the power sup—

ply is not a factor in Class A amplifiers,
HOT CATHODE GASEOUS RECTIFIERS: The principle of gaseous rectifiers has

been known for many years., However up to several years ago the only practical

use rade of such a tube was in the Tungar rectifier used for low voltage rec—

tification. The Tungar tube is first evacuated and then an inert gas, usually

argon, is admitted to a quite high pressure, on the order of 3 to 6 centi-

reters of mercury. A tungsten filament supplies a lirited number of electrons

by thermionic emission. When the plate is positive electrons are attracted

from the filament. These eiéctrons will strike some of the gas molecules and

dislodge additional electrons, which in turn may strike other gas molecules

liberating more electrons, etc. Thus a few electrons fror the hot filament
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start the process of ionization and the resulting plate current may be hundreds
of times greater than the actual filament emission. As the released electrons
are attracted to the plate the positive gas ions are repelled toward the fila-
pent. Because of the high gas pressure the distance between gas molecules is
quite smwall and the comparatively large ions are unable to attain a velocity
sufficient to damage the filament by ionic bombardment. When a gas ion makes
electrical contact with the filament it immediately neutralizes. Since the gas
is inert it will not combine chemically with the filament and the neutralized
ion again becomes a source of additional electrons by ionization. When the
plate is negative there is no attraction for the eritted electrons, hence noth—
ing to start iomization, and no current flows through the tube. The Tungar
tube cannot be used to rectify voltages in exggss_eﬁ;égg volts because, with
the high gas pressure, ionization may occur simply due to the voltage drop
across the gas and the tubquzgglg_ggggggf_oE_Eoﬁpﬂgthrpgtions of the voltage
cycle applied to the plate and would thus cease to be a rectifier.

THE HOT CATHODE MERCURY VAPOR RECTIFIER: Several years ago the hot cath—
ode mercury vapor rectifier tube was developed for use at high voltages. It
has been shown that the use of a high gas pressure prohibits the use of high
plate voltages on the rectifier tube because of danger of ionization on the
reverse alternation. At the same time it is this high gas pressure that pre—
vents filament disintegration due to ionic bombardment. Catkode disintegra-
tion can be prevented if the voltage drop within the tube is kept below a
critical value which, in the mercury vapor tube, lies between 20 and 25 volts.

It has been shown that the principle disadvantage of the high vacuum rec—
tifier is in the large voltage drop within the tube, and that this drop is
caused by the space charge, If the space charge can be counteracted a very low
plate voltage will cause every emitted electron to reach the plate. This is
exactly what is done in the hot cathode mercury vapor rectifier. This tube
operates with gas at a very low pressure. In the smaller tubes a pressure of
approximately 30 microns (.03mm) of mercury is used. The larger recti-
fiers use a much lower pressure on the order of 10 microns at 50C Centigrade,
After evacuation pure mercury is admitted into the tube. The mercury vapor—

izes as the temperature of the tube is raised, the vapor pressure gepending
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upon the temperature of the coldest part of the tube. Thus by operating the
ZESE';EZE;;’;"ZEESZFZEE;Z?*?EE"IEEEE?E%E?E‘S?‘ZE;ZE can be controlled within a
few degrees by means of blowers, the gas pressure is easidy controlled.

The potential drop across ionized mercury vapor is sutstantially constant
with variations in current up to the peak filament emission of the tube, Within
limits, as the current through the vapor increases, ionization increases creat-
ing more electrons per primary electron and hence the resistance drops in prac-
tically the same proportion as the carrent incregses maintaining the IR drop
constant. (When the load current approaches the peak emission of the filament
the infernal tube resistance increases rapidly and the filament is bombarded by
ions.) The gas pressure in the tube is such that when iornization sets in the
positive ions created between plate and filarwent are just sufficient to neutral--
ize the effects of the space charge. In modern mercury vapor tubes the voltage
drop from plate to filament is approximately 15 volts at normal gas pressure.
This low voltage does not accelerate the positive ions to a velocity sufficient
to be dangerous to the filament. With low gas pressure only an occasional
electron strikes a gas molecule, but due to the relatively slow movement of
the positive ions compared to the electrons, a positive charge of ions quickly
builds up which is sufficient to counteract the negative space charge. When
a state of equilibrium is reached the low plate voltage is sufficient to at-—
tract practically all the electrons emitted from the filament.

If the gas pressure is too low, due to the tube being operated at too low
a temperature, there is not sufficient ionization to fully neutralize the space
charge. At lower than normal temperatures the gas pressure is reéﬁced, that
is, the average distance between mercury atoms is increased, This results in
a decrease in the number of collisions between electrons and gas molecules and
hence a reduction in the number of positive ions. The_space charge is not

sufficiently neutralized and the internal resistance of the tube rises. If
=

the IR drop across the tube exceeds the critical value of approximatei} 25
volts the positive ions attain sufficient velocity to damageé the filament by
ionic bombardment. This is the condition that may occur in a tube that has
been out of service for an appreciable length of time. During the idle period

the mercury vapor slowly condenses to liquid mercury which greatly reduces the
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internal pressure.

When a mercury vapor tube is first put into service the filament should te
heated with plate voltage removed for 15 to 30 minutes to vaporize the liquid
rercury formed during the out—of-service period. 1If the tube has been out of
operation for only a short period of time a delay of approximately 20 seconds
should be provided between application of filament and plate voltages, In
most transmitters this delay is provided automatically by a time—delay relay
in the plate circuit of the rectifier tube, In many transmitters one or more
standby sockets are provided for spare rectifier tubes., These sockets are
wired for filament power only and the tubes are thus kept at the proper tem—
perature for a quick change in case of tube failure.

If the temperature of the tube becomes too high the gas pressure may be
raised to a point where a flash-back occurs at peak voltage on the reverse
alternation. The "inverse peak voltage", that is, the peak inverse voltage
applied between plate and cathode of the tube, is thus a function of the gas
pressure and hence of the operating temperature of the coldest part of the
bulb on which the mercury is condensed. With large tubes excessive gas pres-
sure is prevented by forced air cooling. In Lesson 7 it was learned that a
certain number of free electrons exist at any instant even in the very best
of insulators. At normal gas pressures the mercury molecules are sufficiently
spaced that the number of free electrons in the vapor at any instant is guite
low. As the gas pressure increases the average distance between molecules de-
creases and the number of free electrons created by molecular collision is in—
creased. When the plate voltage is negative these free electrons are repelled
toward the filament. TUf the number of free electrons exceeds a critical value
they mway attain a velocity -sufficient to start ionization. If this occurs the
internal resistance of the tube drops to a low value and practically short
circuits the transformer secondary. The resultant surge of current in the re-
verse direction usually destroys the filament,

Due to the low tube drop and hence the slow movement of positive ions
toward the cathode, very efficient oxide coated cathodes may be used. The
cathode must emit svfficient electrons to provide the desired current, Be—

cause of the low gas pressvre the actual number of additional electrons cre—

— ey
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a:g9;EZ_iggiza&inn_is_nnlx_g_zgyy_small part of the total plate current.
Since the erission is not interfered with by the space charge it is pos—

sible to enclose the cathode within a perforated heat conserving shield. The
positive ions as they drift toward the cathode draw the eritted electrons
through the holes in the shield where they come under the attraction of the
plate voltage. Conservation of cathode heat is important tecause the filament
potential of a mercury vapor tube is limited to approximately S volts RMS,

The sur of the peak filament voltage and the ionizing potential must never ex—
ceed 22 volts or the filament will be subject to ionic bombardwent. With this
limit on filament potential, mercury vapor cathodes must have large cross-sec—
tion (to reduce resistance) and be cperated at comparatively high current val-
ues.,

A very interesting comparison can be arawn between the three phase recti-
fier previously discussed which provided 12 amperes at 17,000 volts with high
vacuur water—cooled tubes, and a rectifier to provide the same output with six
mercury vapor tubes Type 857, two tubes being operated in series at a time,
The tube IR drop is 15 volts at 12 amperes and with two tubes in series and
carrying current the plate power dissipation is 12 x 30 = 360 watts as compared
with 18 KN, With six tubes each tube is required to dissipate 360/6 or 60
watts at the plate. Each filament requires 37 amperes at 5 volts or a total
filament power of 37 x & x 6 = 1,1 KN as against 6,9 KW for the Kenotron recti
fier. The total rectifier tube loss is 1,1 + .36 = 1,46 KN, The output is
204 KW, the input 204 + 1,46 = 205.46 KW, and the efficiency 204/205.46 = .992
or 99,2 per cent as compared with 89 per cent for the high vacuum rectifier.
Also, due to the very small plate power dissipation even with large plate cur—
rent, water cooling is unnecessary, this of course simplifying the equipment
and reducing the cost,

Figure 7 shows the gas pressure in microns of mercury, (Hg), for tempera-
ture of the coldest part of the bulb, at which point the 'mercury wvapor
will condense. Most commercial tubes are designed to have a temperature rise
in the coldest part of the tube of 15° C above ambient temperature. (By am
bient temperature is meant the temperature of the air surrounding the tube.)

Thus it is a simple matter to determine the mercury vapor pressure in the tube
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under operating conditions,

Comeercial mer—

.
} : f T cury vapor rectifier
g o T ~ tubes are ordinarily
- . N N designed to operate )
3 : I with a condensed mer—
3. N
5’% ” ™~ | cury temperature of
L A from 15° to 65° C,
éi: N At lower temperatures
Y. N the tube drop will
§ :" - 'S become excessive and
‘% /: : at higher tempera—
§ : N tures the flash-back
i R I " 1 3 A ; voltage will be de—
(DTG G20 L7 ®  creased to an unsafe
Fig. 7. value. It is well to

operate the tube about half way between these values, that is, at about 40° C,
As the temperature limits are approached the tube drop rises very rapidly at
the low end and the flash—back voltage drops very sharply at the high end.

The low temperature limit corresponds to an ambient temperature of 32° F which
is unlikely to be reached in practice except in aviation operation, in which
case much lower temperatures may be reached and the enclosure design must be
such as to conserve the heat in the tube compartment. The high temperature
limit corresponds to an ambient temperature of 1;220 F which may very easily be
reached or exceeded in the tube compartment on a hot summer day or in the
tropics. In such case provision must be made for forced air cooling of the
tube compartment.

Mercury vapor rectifier tubes are commercially available in standard
sizes to meet all requirements of radio transmitters, from the small Typi?ff’-.
which can supply a peak~ current of \I__'ampere with a peak inverse voltagé rat— .
ing Of(_l_Q,\ON(}) Folts, to the Type 870 which has a peak anode current rating of .
450 amperes and an average anode current of 75 amperes with a peak inverse

voltage of 16,000 volts. Six tubes of the latter type in a three phase cir—
—
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cuit can furnigh continuously 3000 KW of plate power for a radio transmitter
The accompanying illustrations show two typical mercury vapor rectifier
tubes as manufactured by Western
Electric, The 258B requires fila—
ment current of 7.5 amperes at 2,5
] volts. The peak anode current is
1.5 amperes with peak inverse volt-
age of 7500 volts. The above char—
acteristics are for ambient temper—
ature of 0° to 50° C but the recom—
rended range of ambient temperature
is 10° to 40° C. '
The 315 A requires filament

current of 10 amperes at 5 volts.

The peak anode current is 2.5 amp—

I

_ eres with peak inverse voltage rat—
i' W;wig ing of 12,500 volts for ambient
' hlis temperatures between 10° and 30° C,
L For a range of ambient temperature
3%:.:_?‘??::%:0 :Eé%%ggi}?gsfw between 10° and 50° C, the peak in—

verse voltage rating is 7500 volts.
For forced air cooling where the temperature of the air stream directed on
the coolest part of the tube is between 30° and 45° C, the peak inverse volt—
age rating is 12,500 volts. It will be seen that the ambient temperature is
a very important factor in the operating characteristics of mercury vapor
tubes. '

In the 258B the anode is mounted above the cathode with the anode connec—
tion extending to a metal cap’on the top of the tube. A perforated metal
shield encloses the cathode to conserve heat. In the 315A the anode surrounds
the cathode so that maximum conservation and use are made of the cathode heat
with corresponding high emission efficiency.

Mercury vapor tubes are also available for use in receiver power supplies.

Examples of such tubes are the Type 82 which will supply peak current of .345
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arpere and- average current of 115 mils, and the Type 83 which has a peak cur—
rent rating of .675 ampere and average current of 225 mils, Both tubes nave
raximum peak inverse voltage rating of 1550 volts.

RELATION BETWEEN OPERATING VOLTAGE AND INVERSE PEAK VOLTAGE: This rela—

ion must be thoroughly understood before attempting to design a rectifier to

@

operate with mercury vapor tubes, because the operating conditions are com
siderably different than with high vacuum tubes. In the first place, with
high vacuum tubes the danger of flash-back is negligible even with voltages
several *imes higher than the rated operating voltage, In the gaseous tube
that is not true, particularly as the operating temperature approaches the up—

per safe limit. Consider a simple half-wave rectifier and a full-wave recti—

— o~ ~

fier as shown in Figure 8, (a) and (b) respectively. -
E =45 EF
a rms
[

ve
Yave = -45 Eppg .836/(.707 x 2)]

,(.318/.707)
2 . @
. Eav

rms—*

Rl AVAVAVAY o

+ 0w
t——o0w
QjEinverse = 3.14 B, [Q: \QQ@ B - - 3.14F
(1/.318) _— === (i?verse): - L3Bave
2/.636
i | 0 )

8 (a) 1A.C. s (b)

The half-wave mercury vapor rectifier showr in Figure B (a) operates
in a manner essentially similar to that of a rectifier employing a high
vacuum tube except that since the tube drop is only about 15 volts, the
voltage gt the rectifier output from instant to instant during the alten-
nation when the tube is conductive will be nearly equal to that across
the high veltage secondary winding. On the reverse alternation, the tube
is idle, no current flows in the lonad circuit, and the inverse voltage
impressed across the tube is equal tc that developed by the high voltage
secondary winding, .

It should also be noted that the inverse voltage applied to a tube
iepends in part upon the type of rectifier circuit in which the tube is

employed. ‘Consider ‘the full-wave rectifier circuit of Figure 8 (b).
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Assure that each half of the high voltage secondary is designed to develop
an RMS voltage of 5000 volts or a maximum of 7050 volts. The entire peak
voltage across the secondary is 14,100 volts. When the transformer voltage
is such chat the plate of Tube 1 is positive, current flows in Tube 1 and in
the load, the drop in the tube is 15 volts, and the peak voltage across the
load is 7035 volts. It would seem that a tube having an inverse peak voltage
rating of 7500 volts should handle such requirement, However, examine the
condition existing at Tube 2. The plate of Tube 2 is negative and the tube
is not operating. The positive load terminal connects to both filaments.
Tube 1 is operating with a voltage drop of 15 volis so that essentially the
filament of Tube 2 connects to the plate of Tube 1 with only a 15 volt dif-
ference of potential. The plate of Tube 1 is connected to one end of the
high voltage secondary winding and the plate of Tube 2 connects to the other
end of this same winding. The peak voltage across the entire winding is
14,100 volts, so that the inverse peak voltage impressed across Tube 2 when
Tube 1 is ooerating is 14,100 — 16 = 14,085 volts. Obviously a tube having a
maximum inverse peak voltage rating of 7500 volts can not be used in this cir—
cuit.

Fig. 9 shows a single phase full-wave reotifier circuit using 4 tubes
(sometimes called a bridge circuit) which permits utilization of the full
transformer secondary voltage while simultaneously giving full wave roctific-
ation. This is accomplished by using a secondary having a single winding
instead of the split winding used in Fig. 8(b). In Figs. 8(a) and 8(b) an
RMS secondary winding voltage of 5000 volts allows an average output volt-
age of 2280 volts with an inverse peak voltage of 7050 volts in both cases.

To obtain the same output voltage as in Fig. 9, the RMS transformer voltage
of Figs. 8(a) and 8(b) must be double that of Fig. 9 thereby requiring the
tubes in 8(a) and 8(b) to have twice the inverse peak rating. In Fig. 9 the
inverse peak voltage can be safely handled by tubes having a rating of 7500 V.
with EBrys = 5660 V. as long as the tube operating temperature does not be-
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come excessive. It should be noted that the output current rating of the four .
tube full-wave rectifier is the same as that of the two tube full-wave recti-

fier.

EStsliae
Q .
fﬂ |
T _g %

3 e : = .636 = ‘

"/ JS Eave 707 Erms =.9 F':rms.
Einverse = —g3g Fave

$4.C4 = 1.57 Eyye

Fig. 9. = peak transformer voltage

The dotted arrows in Figure 9 clearly show the current flow through the
circuit. FProm the positive side of the load the current flows threugh Tube 3,
down through the high voltage transformer winding, through Tube 2, back to the
negative load terminal, and through the load, On the reverse alternation the
current flows through the load in the same direction, through Tube 4, up
through the high voltage transformer winding, through Tube 1, and back to the
negative load terminal.

Three filament transformers are required, one each for Tubes 1 and 2,
and one for both Tubes 3 and 4., It should be observed that the high voltage
secondary winding is not center—tapped. Thus to develop an RMS output volt—
age of 5000 volts, this voltage plus the 30 volt drop in the two tubes must ‘

be developed across the transformer winding.
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It is partitularly essential that the filament transformers used in recti-
fiers be designed for such service. In practically all cases the negative side
of the load is grounded. One side of the A.C., power line is also grounded. The
filament of the rectifier, (any type of circuit), is at positive potential with
respect to ground, thus the secondary of the filament transformer must be suf-
ficiently well insulated from its primary and from the transformer core so as
not to break down when the full peak output voltage is impressed between fila—
ment and ground. Since insulation becomes less effective when heated, a very
generous insulation safety margin should be allowed in design, and the design of
winding and core should be such that the temperature rise at full load is not
excessive. The transformer is usually tested at 3 to 5 times the highest volt—
age expected during normal operation.

In Figures 8 and 9, it will be noted that average output voltages are given
with respect to RMS transformer voltages. A.C. meters indicate effective or RMS
values of currents and voltages, so that rectifier inputs, being A.C. are usually
expressed in terms of RMS values. D.C. meters indicate average values of current
and voltage. Since the rectifier output to the filter is in the form of pulsat—
ing direct current, the output is normally expressed in terms of average values.
Where other values are given they may easily be converted into the desired terms.

Except in the case of very low power units, rectifiers used to supply plate
power to radio transmitters are usually designed for three phase operation when
a three phase power source is available. The three phase rectifier has all the
ordinary advantages of the three phase power device plus the very decided special
advantage of ease of filtering. The output phase voltages overlap so that the
filter tank capacity is actually required to carry the load a very small portion
of the time, and the higher frequency of the ripple component in the output al-
lows the use of a filter having much smaller values of L and C for the same de-
gree of filtering.

Pigure 10 illustrates the circuit of a three phase ruii-wave rectifier us—
ing mercury vapor tubes. It will be seen that at any instant two tubes are op-
erating in éeries, and the load simply transfers from one pair of tubes to an—
other. Over any 360° period six series combina£ions of two tubes each will com-

secutively carry the load. This is clearly demonstrated in Figure 11, and the
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circuit of each 60° period can be traced on Figure 10,
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Fig, 10,

Assure an instant when Point A is positive in respect to point B. Electrons
flow from point B through tube 2 through the load and then through tube 3 to
point A. When the polarity reverses, that is, B is positive to A, electrons flow
from point A through tube 4, through the load, and then through tube 1 to point
B. Thus for any polarity assigned to points A, B, or C there will always be two
tubes conducting and these tubes will be in series with the load. Since the drop
across the two tubes is approximately 30 volts at any load the voltage across the
load is very nearly equal to the voltage across the transformer.

It should be observed that while the average output voltage is 2.34 times
the RMS voltage of a single high voltage winding, the inverse peak veoltage is
only slightly higher than the average output voltage. Thus full advantage can be

P sas  2sr 285  sse  eas taken of the voltage capacity of the tubes
used in such a circuit,
p , p , P . An examination of Figure 11 and a ref-
g i i' i erence to the relations existing in a three
Ny //“""'-‘i“ﬁ? \\ / phase power circuit will help to make clear
:k\ X A the lerivation of the factor 2.34, From

~_~" N_/ \\// h Figure 11 it is seen that any one pair of
Fig. 11, tubes carries the load one—sixth of the time
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or for 60° of the complete cycle. Figure 10 shows that the combined voltage of
two secondary windings in series is impressed across each pair of tubes., Under
that condition the peak voltage impressed between two tubes in series will be
1,73 times, the peak voltage of one secondary winding. The peak voltage of one
secondary winding will be 1.41 times the RMS voltage of that winding. Therefore
the peak voltage impressed across any pair of tubes will be 1,41 x 1,73 = 2,44
times the RMS voltage of a single high voltage winding. During the 60° period
of operation for each pair of tubes, the instantaneous voltages will be equal to
2.44 Egys - Sin ©. The average voltage during this period may be determined by
integrating or averaging all the instantaneous voltages during the 60° period or
for the 30° between 60° and 90° inclusive, and this average value will be found
to be 2,34 ERpg.

If higher output current is required it will be necessary to use larger tubes,

connect tubes in parallel by means of a current dividing reactor in place of each

single tube, or connect duplicate rectifier units in parallel, taking the load
current through a current dividing reactor to distribute the load equally between
the two units. In view of the fact that tubes of almost any desired capacity are
commercially available, the rectifier as shown can be designed for practically
any load voltage and current capacity.

The regulation of the mercury vapor rectifier depends entirely upon the de—
sign of the transformer and is not a function of the tube drop because the tube
drop is essentially constant over the working range of the tubes. The three
phase full-wave mercury vapor rectifier circuit of Figure 10 is particularly
advantageous from the viewpoint of transformer capacity.

For example, in a single phase full-wave rectifier for a rectifier plate
voltage of 1000 volts, the secondary of the transformer must be designed to de—
velop 2000 volts from plate to plate. With a line supply of 120 volts the trans—
forrer turns ratio must be 2000/120 or 16,7, In the Y connected secondary shown
in Figure 10 to develop 1000 volts between points A and B the winding voltage
rust be ,58 x 1000 or 580 volts: With a line supply of 120 volts the turns ra—
tio need only be 580/120 or 4.9.
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The mercury vapor rectifier must be well protected by a quick actirg over—

load relay against rectifier short—circuit or flash-back which is equivalent to

a short—circuit, In the case of the Kenotron rectifier the tube current is def-
initely limited by the emission from a tungsten filament. The mercury vapor tube
also has its limitations. If the load current exceeds the emission, double ijon—
ization occurs (over 22 volts drop) which may destroy the cathode by bombardment

of ions. The plate current should not exceed the cathode emission. The maximum

%i i25}393529925;2333§g1f233 é»EEEEEEX_XEBEE\EEEE\SES4£S£2155_§afely is SEZEFEEHEH

e e e et ™ ==

by the emission and by the temperature as previously mentioned. The pressure
varies with the gas temperature and the temperature is a function of the plate

current.
The operating condition of the mercury vapor tube for a given load is

largely determined by the type of filter used. If the first filter elerent is

a condenser, when the rectifier voltage exceeds the condenser voltage, the com
denser charges and the tube current is limited only by the reactance of the con—
denser. Since the filter condenser is normally large, its reactance is small ‘
and the tube current may reach values of from 3 to 5 times the D.C. load cur—
rent, the tube current flowing for only a small part of the allowable period.
This is a very undesirable condition and may quickly damage the tube, particu-
larly if the normal load taken from the rectifier approaches the rated rectifier
capacity. If the first filter elerent is a quite large inductance, the recti-
fier tube current will approach a square top form, will flow over the full pe-
riod allowed, (in which the rectifier voltage exceeds the filter voltage), and
the tube current will approximate the normal load current. This is a very de—
sirable condition. THUS FOR USE WITH A WERCURY VAPOR RECTIFIER. TAE FIRST FIL-
TER ELEMENT SHOULD ALWAYS BE AN INDUCTANCE.

FILTERS: There are four pr1n01ple types of electric wave filters: Eff

’ ~
/ .~ . Pass filters which pass all frequencies BELOW a given cut—~off frequency and

V

\

\\ greatly attenuate all frequencies above the cut—off frequency;_EigEthss fil-

////// ters which pass all frequencies ABOVE a given cut—off frequency, greatly at—
tenuating the lower frequencies; Band Pass filters which pass a given band of
frequencies and attenuate all frequencms above and below that band; Band Ellml—‘

nation filters which attenuate a given band of frequencies above and below the
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specified band. The band pass filter consists of a high pass and a low pass
filter in series; the band elimination filter consists of a high pass and a
low pass filter in parallel.

An examination of the rectifier output current and voltage characteristics
as shown in Figures 2, 5, and 6, and a consideration of the preceding discus—
sion of rectifier operation, very clearly show the need for some means of smooth—
ing out the pulsating output where a steady d.c. power supply is required. For
example, in Figure 5, the output voltage per cycle input consists of two pulsa—
tions, each of which varies from zero to a maximum value approximately equal to
the maximum A.C. voltage in the case of the mercury vapor rectifier and somewhat
less than the maximum with high vacuum rectifiers. (Since the tube drop is so
low in mercury vapor tubes it is usually neglected in discussions of rectifier
operation and the peak output voltage assumed to equal that developed by the
transformer winding.) The three phase full wave d.c. output voltage as shown in
Figure 6 does not vary over such wide limits but it is still far from the smooth—
ness required for the power supply of a radio transmitter. Thus in all cases a
filter circuit is required. How elaborate the filter must be depends upon the
character of the voltage supplied to the filter and the percentage of ripple
that can be tolerated in the output.

The Low Pass type of filter is used for this purpose; that is, the filter
must pass direct current and can pass all frequencies below cut—off. The cut—
off frequency is always lower than the lowest ripple frequency developed by the
rectifier. Such a filter will attenuate the main ripple frequency and all the
harmonic frequencies, which of course are higher than the principle ripple fre—
quency.

The lowest ripple frequencies with their amplitude at the filter input for

a 60 cycle power supply are shown in Table 1.

Table 1

Ratio of the peak value of AC voltage .

(the lowest ripple frequency) at the Lowest Ripple
TYPE OF RECTIFIER filter input as conpared with the DC Frquency e

component of the rectifier output The Output
Single phase, half wave 1.751 60 cycles
Single phase, full wave .667 120 cycles
Three phase, half wave .250 180 cycles
Three phase double Y, half wave .067 360 cycles
Three phase, full wave .057 360 cycles
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The ideal low pass filter would have a very sharp cut—off at F, = 1/m/1C
where L is in henries and C is in farads. However in practice the filter ele—
ments have resistance losses which decrease the sharpness of cut—off, so if ef-
fective attenuation is desired, it is well to design the filter to cut—off at a
frequency somwewhat lower than the ripple frequency. For example, if the ripple
frequency is 120 cycles the filter should be designed to cut—off at from 60 to
90 cycles, depending oﬁ how ruch ripple attenuation is actually required. In
general, in receiver power supplies where the choke resistance may be quite high,
on the order of a few hundred ohms, the filter is designed to cut—off at a quite
low frequency whereas in transmitter power supplies a higher cut—off frequency
may be used because transmitter chokes have quite low resistance.

In the study of the low pass filter two general conditions will be found to
exist. First, the higher the ripple frequency the easier it is to remove; the
lower the values of L and C required for the same filtering effect. Second, the
greater the ripple amplitude the more difficult it will be to filter out. This
reans that a specified filter will provide a given degree of attenuation, and if
the A.C, input voltage is higher there will be a greater voltage of ripple com-
ponent getting through the filter.

Before going intc the actual design of the filter it is well to study the
forr of the rectifier output voltage in order to determine just what frequencies
and ripple amplitudes it is necessary to filter out. Essentially the rectifier
must deliver its power to a condenser, and the capacity of that condenser must be
sufficiently large that the load current cannot discnarge it more rapidly than
it can charge from the rectifier. If the load on the condenser, (see Figure 12),

is very light, the condenser will charge from

*e the rectifier to almost the peak voltage and

Rectifier C=i= Load will practically hold the peak charge due to
the small current drain by the load. BHowever

—— this is not the normal operating condition be-

= cause it would require a rectifier capable of
Fig: 12, supplying much more power than that consumed
by the load, and a very large condenser which is not an economical arrangement,

Thus the normal operating condition allows an average load current not too much
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less than the average normal output current of the rectifier. This means that
the voltage of the condenser will rise when the output voltage of the rectifier
is greater than the condenser voltage, and fall off when the rectifier voltage
falls below that of the condenser, due to the discharge of the condenser through
the load.

Figure 13 shows the pulsating output from a single—phase full-wave recti-
fier and (straight full
lines) the fluctuating

voltage across the com

E Eave denser.

[ S
’TtIR !

plate of the rectifier tubes. E. is the voltage of the condenser and Eave is the

ER Ep represents the

I actual transformer volt—
ig. .
. age variations at the

average voltage applied across the load. The condenser is shown as charging from
a to b, discharging from b to ¢, charging from ¢ to d, etc. (The charging cur—
rent from the rectifier is IR.) This produces an alternating component of volt—
age that varies above and below the average d.c. voltage, crossing the average
voltage value in an increasing direction at points x and z and in a decreasing
direction at point y and at other points between alternations.

An exarination of the condenser voltage line with respect to the average
d.c. voltage shows that from point a to point ¢ the condenser voltage goes
through one complete cycle, the zero voltage of this A. C. ripple component be—
ing taken as the average d.c. voltage. This cycle occurs in the time of one al-
ternation of the alternating voltage or one pulsation of voltage from the recti-
fier., Therefore the fundamental frequency of the ripple component which must
be filtered out is, in the case of the single—phase full-wave rectifier, twice
the frequency of the A. C. power supply. Thus if this rectifier is operated
frow a 60 cycle power supply the filter must be designed to eliminate a 120
cycle ripple frequency. Of course, since the filter to be used is a low pass
filter it will also attenuate the harmonics of the ripple component.

Figure 14 shows the condenser connected across a single—phase half-wave

rectifier. The output of this rectifier consists of a single pulsation per
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cycle of power supply voltage. There is one cycle of ripple component, based
on the average d.,c, voltage, for each pulsation of Qi:ect current from the rec—
tifier, that is, from point a to point ¢. Since there is only one pulsation
of current fromw the rectifier for each cycle of the A, C, power supply voltage,
the ripple frequency must be the same as the frequency of the A. C. power sup—
ply., Thus in the case of a 60 cycle single~phase half-wave rectifier the pre—

dorinating ripple frequency to be filtered out is 60 cycles,

Fig, 14,

Figure 14 also brings out other factors which must be taken into consider—
ation. Since the rectifier is completely idle during the time between points ‘
b and ¢, more than a half-cycle, and since the load is active during this tirme
in discharging the condenser, the condenser discharges continuously from b to
¢, more than twice the time of discharge as shown in Figure 13 for the full-
wave rectifier, This means that with the same voltage at point b, the same
cordenser, and the same load current, the voltage at the end of the discharge
interval, point c, will be considerably lower than at the end of discharge in
Figure 13, In order to make up the original voltage by point d, the rectifier
tube must be capable of supplying a much higher charging current than in the
case of Figure 13 where the load is carried by a full-wave rectifier, Also,
with the same condenser, the condenser voltage E, will fluctuate over greater
limits than in Figure 13 giving the ripple component both a higher arplitude
as well as a lower frequency. To keep the load ripple voltage amplitude with-
in the same limits as in Figure 13, a larger condenser is necessary in order
that the percentage of charge lost during the discharge interval will not be
so great, This simply means that it will be more difficult to filter the €0 ‘
cycle ripple of the half-wave rectifier than the 120 cycle ripple of the full-

wave rectifier.
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If, a three—phase full-wave rectifier could be used, the ripple would be
at 360 cycles, the amplitude of the ripple component would be muck lower, and
it would be much easier to filter. However such a rectifier would not be prac—
tical for receivers; it is easier and more economwical to use a larger filter,
even if a three—phase power supply were generally available,

If a sufficiently large condenser is used the fluctuations of the voltage
applied to the load can be held within any desired limits, However to keep the
ripple component to the point where it will not cause bad hum, filtering by
capacity alone is somewhat impractical due to the size of the condenser requir-
ed, although in some inexpensive receivers essentially such a filter has been
used, employing a quite large electrolytic condenser. The more practical fil-
ter consists of a combination of inductance and capacity so designed as to form
an efficient low pass filter which will eliminate the ripple frequency fromw the
output. Figure 15(a) shows a single section low pass filter and 15(b) shows
two sections of the same filter; 15(c) and 15(d) are equivalent to 15(a) and
15(b) in operation. All are assumed to be designed for the same cut—off fre—
quency, the values of C in all are assumed to be equal, and the values of L are
assured to be the same, Thus two sections of .5 L equals one section of L. In
all, one principal characteristic is apparent; the inductance is in series with

the line and the capacity is across the line.

S L S L O L L S L
Rectifier C_T— Load Rectifier CI:I: C ;¥; Load
O- d O [o2 —|— & o]
(a) (b)
L L L
o AT —o o—— 00 00 -0
Rectifier C *l— Load Rectifier C== C—~ Load
O T O O -0
(c) @)
Fig. 15,
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The higher the frequency the more difficult it is for the A. C. component
to pass through L, and the more easily that component is short—circuited by C;
conversely, the lower frequencies meet with less opposition in L and lose less
by the short—circuiting effect of C., Thus with such an arrangement, the Jower
the frequency the less the attenuation, and vice versa. A high pass filter has
the opposite characteristics. A high pass filter is built up by connecting the
capacities in series with the line ard the inductance across the line, thus
passing the higher frequencies and opposing the lower frequencies. Of course a
high pass filter, since the condensers are in series in the line, cannot pass a
d.c. component,

The cut—off frequency of a low pass filter is derived as follows: (See
Figure 15(c).) The series arm is L, the shunt arm is C, Assure no resistance

losses.

wL (L in Benries).
da (C in Farads),

The impedance of the series arm is, 24

The impedance of the shunt arm is, Z,
w = 2nf
Fror the above, the ratio, %: = %F = [Ow®
wC
Any low pass filter in which the losses are zero or so low that they may
be assumed to be negligible will transmit freduencies within the limits of

Z:.: ZJ-=4
Z 0 and 7
The first limit, %* = 0 is when LCw’ = 0, Since L and C have tangible val-
2
ues and 2n is a constant, then LCw® = O when f equals O,

The high frequency limit or cut—off frequency is determined as follows:

L—:

2y 4

4 = ﬁf = w’IC
wC

$2 = wiIC (Extracting square root)

= 2 :
w /sz (w includes the cut—off frequency f.)
2 = S
nfc T
f, = 5;535 = n&TC (L and C in units, f. in cycles per s=cond)

Thus the filter consisting of L in the series arm and C in the shunt arm

will pass all frequencies between O and f. = frequencies above f. being

1
n/IC’
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greatly attenuated,
In order to design a filter it is necessary to have a definite cut—off
frequency given, with the values of L and C required to obtain this cut—off to

be determined. Thus,

-1
fe wIC

= L
vIC nE,

(nf,) Lo

It will be observed that this equation simply denotes the required LC prod-
uct. Since L = %? and C = LQ, it is necessary to first deterrine the value of
one in order to find the other. These values are determined largely by prac—
tical and econoric considerations. Since the filter is used for the purpose of
holding or storing up power to supply the receiver during the periods of low
rectifier voltage, as well as for the attenuation of the hum or ripple compon—
ent, it is apparent that a fairly large capacity should be used. Assure that
it is desired to have a cut—off frequency of 90 cycles for use with a 60 cycle
full-wave rectifier where the ripple frequency is 120 cycles, Then,

= 1 -7
IC = —Jh; ————-—1 =125 x 1
(nfc) (3 14 x 90)° 283 8 x 10 x 10

Assume that it has been decided to use a capacity of 4uF = 4x10°°F
Then LC/C = _2§_2£_1.Q_‘ _l_"u:E_Llﬂ_ ,3'1 Henries.

In the case of a half-wave rectlfler where the ripple frequency to be

filtered is 60 cycles, a cut—off frequency of about 40 cycles should be adequate,
then,

= 1 = 1 - - 1 - 63 x 107"
B " Guaxa) 26 lex10 x 10

Using the same value of C as before, 4 uF, then,
—
1c/c = 83 x 107 = 15,7 Henries.
4 x 10

It will be seen from the above examples, and from the equation for the cut-

off frequency and its arrangement to determine the filter values of L and C,

(IC = —71—7) that the LC value required varies 1nversely as the square of the

cut—off frequency In other words, 1f the _frequency 1s doubled, it is four
M

et iang
times as easy to filter, if tripled, nine times as easy, etc.
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With a single filter section as shown in Figures 15(a) and 15(c) the cut- ‘
off frequency is not very sharply defined, largely because of the losses in the
inductances and mismatching of input and output impedances. Therefore for prac—
tical purposes two sections in series are customarily used, as shown in Figure
15(b) and 15(d). These are actually two separate filter sections, each section
being desigred for the required cut—off frequency. For example, in 15(d) for a
cut—off frequency of 40 cycles as calculated above, each reactor, L should have
an inductance of 15.7 henries and each capacity, C, should be 4 uF, In 15(b)
which is essentially the same, only the actual arrangement of apparatus being
different, there are twc inductances, .5 L, or 7.85 .henries each, and one, L,
of 15,7 henries, each capacity being 4 uF,

It must be understood that the values of i_ndugtange_g_s_,calQla./te_d._musp__lae

the effective inductance with the average load current to be filtered.
Mi:;hmmired at the
low frequencies used rust be iron core reactors. The effective inductance of
an iron core reactor to a sewall alternating current will be greatly different .
from the effective inductance of the same reactor when it is carrying a current
rade up of a large average component of direct current and a superimposed al-
ternating component. If the average or direct current component is sufficient-
ly large to almost saturate the iron core magnetically, the ripple component
will make very little change in the magnetic field and the effect of the induc—
tance on the ripple component will be almost negligible. If only the small
ripple component of current is present the permeability of the iron core is
high and, since L varies directly with permeability, the inductance is also
high. When a large d.c. component is introduced, the iron core tends to becore
ragnetically saturated and the permeability is greatly lowered. In electrical
design work the pgrm_e_a_.p\il/i\ty of iron, unless otherwise stated, is usually as—
sured to be 1500.3 For filter reactors to eliminate ripple in a large direct
current, the permeability of the core varies between 100 and 400 thus making
the effective inductance for the ripple component only from 1/4 to 1/15 of
what it would be if the direct current were not present.

It is important in the selection of a reactor for use in the filter of a .

rectifier, that the effective inductance at the desired average direct current

L - - L e N
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‘ load be known. If the average d.c. component is to be 100 mils, and calcula—
mmat an L of 15 henries is required, the design specifications must
call for an effective L of 15 henries with a direct current component of 100 /
mils. With such a reactor, if the d.c. component is decreased the effective
inductance will increase, thus lowering the cut—off frequency. On the other
hand, an increase in the d.c. component will decrease L and raise the cut—off
frequency. In such a case, if the filter is designed to have a cut—off fre-
quency just slightly below the frequency to be €lirinated, a small increase in
the rectifier load current may easily decrease L to the point where the cut—off
frequency is higher than the frequency to be eliminated. It is well to allow a
generous safety margin of cut—off frequency in the design of the filter.

In some cases the filter is preceded by a condenser, Ci, as shown in Figure

16, This arrangement has the advantage that a somewhat higher d.c. voltage can

o be obtained from the filter with the

TP T ——o
. same A, C, rectifier plate voltage.
Recti-
‘ fier ©C1 Load  On the other hand the power dissipa—
T T tion within the rectifier tubes is in—
o !

— o creased and the regulation under

Fig. 16, varying loads is large., This ar-

rangement should never be used with a mercury vapor rectifier because such a
rectifier, if there is no series inductance to limit the current, can deliver a
current surge that will injure the tube, With a 4 uF condenser at Ci the cur—
rent surges fror a mercury vapor rectifier tube may be from 600 to 800 per cent
higher than the load current, this greatly shortening the tube life. _

In the case of a mercury vapor rectifier tube, which has a low internal
resistance and is therefore subject to very high current surges if there is no
liriting device, it is not only essential that an inductance be used between
the first condenser and the rectifier, but also that sufficient inductance be
used. It has been found that there is a critical valgg\ff—ELfgf use in the
first reactor, this critical value being deterined only by the load resistance

N— o -

. and the frequency. If the value of L in the first reactor is made lessc than
the critica‘lfvalue the current surges 1n the rectifier tube will not be suffi-

ciently attenuated and the ratio between the tube current amplitudes and the
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load direct current will be too great. By the use of a sufficiently large value
of L the difference between the tube current amplitude and the direct load cur—
rent can be kept to a rinimum,

The load resistance is calculated from E/I, With an output potential of
400 volts and a load current of 100 mils, the load resistance will be 400/.1 or
4000 ohms. Experimental work has shown that the critical value of L for the
first reactor of a full-wave 60 cycle rectifier where the ripple frequency is
120 cycles, is,JPQ‘= R/1000; L. is the critical value of L in Henries, R is the
load resistance in ohms. With the values assumed above, L, = 400C/1000 = 4

c
Benries. It further has been found that the first reactor will produce the most

satisfactory results when its inductance is about twice the critical value;
W_

thus,koji?EEVW1ll be the optimur: first inductance to use in such a filter.

Therefore for best results under the conditions specified above, the first re—

actor should have an inductance of 8 Henries.

1 - :

— » and IC ;7]%—7 With the
IC/L.

The cut-off frequency is equal to f,
c

optimum value of L as calculated above, C

For a cut—off frequency of 90 cycles, C = lﬁb_g_lE:1 1.6 uF, Ordinarily
2 uF would be used.

The factors affecting the critical value of L are load resistance R, and
frequency. The critical value of L, and hence the optimum value, will be inm

versely proportional to frequency. If the frequency of the power supply is
T ———

ong:ggl£/§§ great, the value of L should be doubled,¢EEc. T

Another factor Tust b6 taken into consideration if the rectifier is to be
used where the load is intermittent or variable, With full load the value cf
load resistance, R = &/I, is at a minimum value and therefore L, = R/1000 is
also at a minimum. With the load removed and only the bleeder current present,
if the bleeder current is assumed to be equal to 20 per cent of the current at
full load, then R (no load) = E/.2 or 5R (full load). This means that the
critical value of inductance, L., when the load is removed, will be five times
as great as when the rectifier is fully loaded.

The optimum value of L under the load conditions assumed above is 8 Hen-
ries. The critical value with the load removed will be 5 Lc or 20 Henries.

It is possible here to make use of the fact that due to core saturation L de—
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creases as the d.c. component of current increases. Thus a reactor can be de-
signed such that its inductance will vary somewhat between the values desired
for full and no load conditions. Such a reactor is called a swinging choke.
In A, C. receiver work such wide fluctuation of load will not often be em
countered. However in the case of a receiver employing a Class B power ampli—
fier, the total load can swing over comparatively wide lirits which should be
taken into consideration in designing the first filter reactor.

When the load current varies over wide limits the first filter elerent
is usually a swinging choke to obtain better voltage regulation. When the load
current is low the inductance of the filter choke is high but as the current
increases the choke inductance decreases and the filter approaches the charac—
teristics of a condenser input; that is, as L decreases C charges to a higher
peak voltage. Thus as the load current increases the resultant drop in the
output voltage due to the increased IR drop in the filter is offset by the ris—
ing voltage across the first filter condenser. With the correct value for the
swinging choke the output voltage regulation can be made very small,

Calculating the proper range of the swinging choke to use as the first re—

§w(;?

no signal to the Class B amplifier the load current is 3C MA and at peak output L,UALC;

actor in a power supply for a Class B load is quite simple. Assume that with

the load current rises to 120 MA, The output voltage of the rectifier is 300-
volts. With a load current of 30 MA at 300 volts the load resistance is 300/,
= 10,000 ohms and thecriticalL of the reactor is 10,000/1000 = 10 Henries.
Optimur L would then be 2 x 10 on 20 Henries. When the load current rises to
120 MA the load resistance drops to 300/.12 = 2500 ohms., CriticallL = 2800/1

= 2.5 Henries and optimur L. = 2 x 2.5 or 5 Henries, Thus the swinging choke
should be rated at 20 Henries at 30 MA and 5 Henries at 120 MA,

By the use of a mercury vapor rectifier and a properly designed filter,
excellent voltage regulation at the load can be obtained. By "regulation" is
peant the ratio of the "change in voltage with load" to the "full load voltage".
In other words, Voltage regulation = E—E:EL where E is the "no load" voltage
and E. is the full load voltage. To obtain the regulation in percentage, rul—-
tiply the decimal obtained above by 100,

It has been found that if the inductance of the first reactor exceeds L,
_‘_\—_”\—-—
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under all load conditions, the output voltage ig always equal to the average of
the impressed A, C. voltage, less the resistance drop in the filter reactors,

By careful design and the use of low resistance reactors, the variation of volt—
age at the load can be kept to a minimum and the transformer can be designed to
give the desired average voltage required. Since the voltage drop in the mer—
cury vapor rectifier is practically constant at all loads, (approximately 15

volts), it can easily be compensated for in transformer design.
POWER SUPPLY FILTERS: The design of a filter for use in a receiver

power supply is a relatively simple matter. Current drain and output
voltages are comparatively low and high inductance chokes and high capacity fil-

ter condensers are available at low cost. The usual design procedure, as dis—
cussed previously, is to select a cut—off frequency well below the fundamental
ripple frequency and with a given condenser calculate the required inductance,
In most cases L and C are muwch larger than is actually required for satisfactory
filtering. Such a filter is of the "brute force" type. The problem is quite
different *in filters for transmitter power supplies. With high current drain
the choke must be wound with large wire and the core must contain plenty of iron
to avoid saturation. The high voltages also necessitate additional insulation
precautions., The filter condensers must also be rated at a much higher break—
down voltage, Where a 30 henry choke for a receiver supply may be quite inex—
pensive, the same choke for a 20,000 volt 6 ampere supply would be enormous in
size and practically .rohibitive in cost. Where an 8 uF electrolytic condenser
costs only a few cents, a one microfarad filter condenser for use in a 20,000
volt power supply may cost several hundred doll;rs. Thus in the design of fil-
ters for transwitter power supplies economy is a major factor, The filter is
designed to provide just sufficient attenuation of the ripple frequency to sat—
isfy the requirements of the transmitter. This necessitates an understanding of
the attenuation factor of the filter. The attenuation factor is defined as the
ratio of A, C. component across the load to the A, C, component at the input to
the filter.

The low pass filter in its most simple form consists of an inductance in
series with the line and a condenser across the line as shown in Figure 17,

The attenuation ratio of such a filter is given by the equation, (4. C, volt—
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age is the ripple component of voltage.) In Figure 18 is shown a filter com

Input
from
Rectifier

AC, Voltage across load
A.C, Voltage applied to filter input

- 1
Fig. 17,
N e
Input L1 * R
from Ci== Co— Load
Rectifier

2 ol T ]t, EE ACTORE ]Eﬂd
A.C, Voltage applied to filter input
1
(@nf)" L.L,C.C,

Fig. 18,

sisting of two units of the
simple filter of Figure 17, in

series. Thne attenuation ratio

of this filter is also shown ’
by an equation.

An examination of the two
equations will immediately dis—
close two important facts,

First, in 17 the attenuation is
a sQuared function of f and in
18 it is a 4th power function

of f, so that in either case if
the principal ripple frequency
is well attenuated the harmom—
ics of the ripple frequencies
ray bc neglected. In this con

nection, with given values of L

and C, either filter will be much rore effective in attenuating the ripple fre—

quency of 360 cycles from the three phase full-wave rectifier than the 120

cycles from the single phase full-wave rectifier.

Conversely, for the same at—

tenuation ratio, much smaller values of L and C may be used for 360 cycles than

for 120 cycles.

same amplitude in both cases, which it will not have.

This is true even if the input ripple voltage component has the

It has been shown that

the input ripple amplitude is much less with three phase than with single phase

rectification for the same d.c. output voltage.

Second, the two unit filter of Fig. 18 is much more effective at any given

frequency than is the single unit filter of Fig. 17; the attenuation increases

as the square of (2nf)®, as the product of LiLs, and as the product of CiC,.

The equation F, =

1
nLC

provides the basic formula for calculating the

values of L and C to obtain the desired cut—off frequency. LC = z;%—yy. If L
c

is known, it is a simple matter to calculate C, and vice versa.

However, one

of these factors, L or C, must be selected from conditions beyond the scope cf
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this simple equation, Just what are those conditions? '
First, as has previously been shown, it is very desirable that the form

of the rectifier tube current be rectangular and that tube current flow during

the greatest possible operating period of each tube. This period should be

180° for full-wave single phase and 120° for full-wave three phase., Under

such condition the tube peak current will approximate the average load cur—

rent and long tube life may be expected, How closely the ideal condition is

approached is determined by the value of L,., An idea of the effect of the

inductance of L, is shown for a single phase full-wave rectifier in Fig, 19,

The figure is self-€xplanatory. The condition in 19(c) should always be avoided.

oo ()

= AN A

IpTube 2 Ideal Very large In L1 too small L: much too small
(a) (b) (c)

Fig. 19, .

In order to draw current from the tubes during the entire cycle, each

choke must have a reactance (XL) large compared to the X, of the condenser
following it, The output condenser C, should have a reactance small compared
with the load resistance, That is, C, should be large in order that it may
act as a large reservoir to supply continuous power to the load,

In order that the load and filter may draw tube current continously from
the rectifier, the peak AC or ripple component in L, should be less than
the d,c. load component, Thus the minimum value of L, is a function of
the load resistance and of the lowest ripple frequency. As the load resistance
is increased and the load direct current is decreased, it becomes increasingly
difficult to maintain a continuous flow of current from the rectifier, Experi-
ence shows that 2nfL,/RL must be calculated using the proper values from Table I
for the type of rectifier circuit used and where f is the lowest ripple frequen—
cy., Thus wL,/RL = ,867 for single phase, full-wave circuits for minimum value of
Ly, Ry includes the sum of the actual load resistance plus the resistance of '
the chokes L, and Lg (see Fig, 18),

For example, assume a 60cycle, single phase, full-wave rectifier, used to
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supply & load of .4 ampere at 3000 volts., (As shown in Table I, the lowest ripple
frequency is 1éO cycles), The load resistance is R, = E/I = 3000/.4 =7500 ohms.,
X, mustbe at least 7500 x .667 = 5000 ohws, L, = Xy, /20 = 5000/6.28 x 120 =
8.64 Henries, This is the minimum value of L, that will give satisfactory
results, The factor ,667 at 80 cycles corresponds to a value L==RL/1130
which is usually rounded off to RL/1000 for calculations. (see page 28)

Using the formula just mentioned, L, =R[/1000 =7500/1000="7,5 Henries.
This is a conservative value compared to that found above and would give
less ripple in the load current. Any value of L, greater than 6,64 Henries
would be suitable, but in general twice the value L, is considered optimum.
To calculate the value of Cy used with Ly for cut—off at 80 cycles in order

to assure satisfactory attenuation at 120 cycles;
C = VL(rf,)" = 1/7.5(3.14 x 60)° = 3.75 uf

A 4 uf condenser would be used, The cut-off frequency desired in the

second filter unit Le,C,; is the same and can be achieved by the same LC pro-

duct, In this case C, acts as a "reservoir” 4o reduce load variations and

the design trend is to use larger C and smaller L, In some cases Lg and

Cy may be chosen equal to L, and C,, depending on the type of load and

the voltage regulation desired, or from consideration of available values.
The ripple component of voltage at 120 cycles in the output as compared

with the A,C, component at the filter input is equal to:

1
(2rf)*L,L,CoCy
Assuming the values of L and C as determined above, L, and L, each equal 7.5

Henries; C, and C, each equal 4 uF; the fraction becomes,

1 - -
(6.28 x 120)* (7.5 x7.5x 4 x 4 x 10 %) ,003 =,3%

From Table 1, the A,C., component of voltage at the filter input is ,667
Eg,c, = 667 x 3000 = 2001 volts, Due to filter attenuation the ripple in the
output becomes 2001 x ,003 = 6 volts, Thus the percentage of ripple in the
output is 6/3000 = ,002 = ,2%.

For broadcast transmitters a power supply ripple of from O to ,1 per cent
should be inaudible, From .1 to .25 per cent should be satisfactory and any-—

thing over .25 per cent unsatisfactory. For ordinary radio telephony or for
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C. W, telegraphy, a somewhat higher raipple can be tolerated. In broadcast re—
ceivers the percentage of ripple at the plate of the detector tube should not
exceed .l per cent but can be somewhat higher on the other tubes and consider—
ably higher at the push-pull final amplifier. Thus the filter as designed
above would probably be satisfactory for use between a mercury vapor full-wave
single phase rectifier and the tube plates of a broadcast transmitter.

Using the same rectifier and load, if it is desired to reduce the percent—
age of ripple, it will be necessary to use larger values of L or C, this reduc—
ing the cut—off frequency of the filter and increasing the cost of the filter.

From Table 1 and from the filter attenuation equation, it can easily be
seen how desirable it is to use three phase rectification, both from the view—
point of the higher ripple frequency and from the fact that the A.C., component
of voltage at the filter inpﬁt is much less, therefore requiring less filter
attenuation for the same percentage of ripple in the output. The filter calcu—
lations for a three phase rectifier are similar to those for the single phase
job except that a higher cut—off frequency is used and, in calculating ripple
attenuation, the A.C. component of voltage at the filter input is much less,
being only .250 for the half-wave and .057 for the full-wave, both being taken
as decimal proportions with respect to the d.c. component. The ease of three
phase filtering is apparent when it is remembered that the A.C./D.C. factor for
the full-wave siugle phase rectifier is .667, more than 10 times as high as the
,057 for the full-wave three phase rectifier.

By reversing the calculations, setting the limits of the percentage of
ripple in the d.c. output that can be tolerated, and taking the value of filter
capacity that is available or that 1t 1s desired to use, it is not difficult to
solve for the value of inductance necessary to obtain the required ripple at-
tenuation.

For example, assume that with a 60 cycle 3 phase half-wave rectifier de—
signed for a d.c. output potential of 2800 volts, it is desired that the peak
ripple voltage in the output does not exceed 3.5 volts. It is desired to use
a two unit filter as shown in Figure 18 and two 2 uF condensers are available,
Calculate the required values of L, Table 1 shows that for this type of rec-
tifier the peak ripple voltage at the filter input is .25 times the d.c. o’
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put potential or 2800 x .25 = 700 volts; also that the lowest ripple frequency
will be 180 cycles. The ratio of the ripple voltage across the load to the rip—
ple voltage at the filter input is 3.5/700 = ,005, Calling this Ratio,, from
the equation of Figure 18,

Ratio, =

1 .
(2nf) L, L,C1Cs

N = l
Rearranging, LiL. (2rf)*C,C, * Ratio,

Ratio, = .005
2n = 6.28
£ =180
CiCz = 4 x 107**  (Bach capacity is 2 uF or 2 x 10~° Farads.)
Lile = (6.28 x 180)° i (4x107°7) x ,005
Lils = fem 10" % 41x 10 x5x10°
LiLs = 5%%% = 30.6

With Ln =1L,

L, = vL.iL, = y30.6 = 5.5 Henries

L. = 5/5/Henries

Calculation for the cut—off frequency shows that f. is approximately 100
cycles per second. While the ratio of the output ripple voltage to the input
ripple voltage is .005 or .5 per cent, the ratio of the ripple voltage to the
d.c., output voltage is only 3,5/2800 = ,00125 = ,125 per cent. This would be
satisfactory for a broadcast transmitter plate supply.

If the value of inductance is calculated on the basis of proper operation
of the rectifier tubes with a given load, a similar calculation can be made for
the amount of capacity hecessagy to give the required ripple attenuation,

DESIGN OF A TRANSMITTER PLATE POWER SUPPLY: In the design of a radio
transeitter plate power supply, it is first necessary to outline the entire re—
quirerents of load voltage, current, and permissible percentage of ripple. Sec~-
ond, it is necessary that the design engineer have on hand corplete data on the
available tubes and circuits so that he may intelligently select the tubes and
circuits most nearly suited to his requirements, It is assumed here that these

data are available as they can easily be obtained from the tube mani:facturers
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at little cost. The probler outlined below is based directly on a broadcast
transpitter of modern design by one of the leading manufacturers. Similar
specifications may be written for any transmitter.

The load circuit is to consist of four Type 204~A tubes operating as Class
C radio frequency amplifiers, and two Type 649 tubes orerating as Class B modu—
lators. It is desired to operate the modulator tubes with plate potential of
3000 volts and the R.F. arplifiers at plate potential of 2000 volts, the dif-
ference between the two voltages being lost in a dropping resistor. An examina—
tion of the tube data sheets shows that the maximum plate current of the 204~A
tube under such operating conditions is .275 ampere, and the maximum plate cur—
rent of the 849 tube is .35 ampere, Thus for four 204-A tubes, the maximum
plate current is 1.1 ampere and for two 849 tubes .7 ampere, a total maxirum
load current of 1,8 amperes at 3000 volts,

A 60 cycle three phase power supply is available and it is desired to use
percury vapor rectifier tubes., FExamination of tube data sheets indicates that
three Type 872 mercury vapor tubes in a three phase half-wave circuit as shown
in Figure 20 will most nearly meet the load requirements. Such a rectifier
will deliver a maximur load current ©Of 3.75 amperes at 3500 volts with a peak
inverse voltage of 7500 volts, which does not exceed the rated tube limits.

The filter is also shown in Figure 20. The ripple in the output is not to ex—

ceed .15 per cent of the d.c. potential,

1 :h _“‘Qizgl_
ﬂ Eave Cy Ce
! | | |
h

- oo ° !

Epye = 1.170 Eppg
E

inverse = 2:09 Baye

Fig. 20,

Assure that the filter reactors Li and L, are to have a resistance of not
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more than 50 ohms each. To develop at the load 3000 volts, E, . input to the
filter must then be 3000 + (100 x 1.8) = 3180 volts. This will require that
B = 3180/1.17 = 2718 volts, (It is assumed that the transformer primary is
tapped or other arrangemenis are provided for adjusting the transformer second—
ary voltage over reasonable limits above and below the calculated voltage to
take care of tube drop, load variations, etc.) With the above voltages, the
inverse peak voltage per tube will be 3180 x 2.09 = 6626 volts,well within the
safe operating limits of the tubes selected.

The filter is to be such as to draw continuous tube current and to attenu—
ate the A.C. component so as to allow a ripple in the d.c. output of not more
than .15 per cent. This will represent an A.C, component of voltage in the out~
put of 3000 x 0015 = 4,5 volts., From Table 1 the A.C. component at the filter
input for this type of rectifier is .25 Eg,e; thus the A.C, voltage component
at the filter input is 3180 x .25 = 795 volts. The lowest ripple frequency is
180 cycles. The filter attenuation factor is 4.5/795 = :005.

The smallest armount of inductance it is permissible to use at Li is such
that X, = Ryoag/4. Kjgaq = 3000/1.8 = 1666 ohus, and minimum X, = 1666/4 =
416 ohms, L, = 416/2nf = 416/(6.28 x 180) = ,37 Henry. In practice a consid—
erably larger inductance will be used.

The actual values of L and C necessary to keep the ripple within the re—
quired limit of .0015 are calculated by means of the equation in Pigure 18,
Thus, the filter attenuation factor as calculated above,

.006

B (2nf)‘LL,C1C,

Since this equation can be solved only for the product (LiLeCiCe), it is
necessary to select arbitrarily either the desired value of L or C and solve
for the other. Since filter condensers come in standard sizes, it is most
simple to arbitrarily select values of Ci and C,. After prelirinary calcula—
tions aré rade, it may be necessary to select other values of C and again solve
for LiLp if the first calculation results in L of unreasonable value.

The load circuit contains a Class B audio amplifier and the load current
can fluctuate over quite wide limits; thus Cp should be fairly large. C. = 4

WF and Cy = 2uF should be reasonable values of C. Then, rearranging the
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equation,
.005 = -
(2nf)” LyL,CyCs
d LaLy = - = L,
an 178 T T 005(2nf) CiC,  005(6.28 x 180)° (4 x 2 x 10 °2)
L:L, = 15.3

This will allow the use of very reasonable values of inductance. In order
that the two filter units may have the same cut—off frequency, LiCi must equal
L:C.. Thus the values of L, and L, must be inversely proportional to C; and
Cz. Cy :Co i :2:4, Therefore Ly : L, : : 4 : 2and L, =2 L,.

Therefore,
Le x 2 Ly = 15.3
2(Le)? = 15.3
(L,)* = 7.65
L, = v7.65 = 2,76

L, = 2.76 Henries and Ly = 5.52 Hearies. In practice L, will be 5.5 Her—
ries and Ly will be 2.75 Henries. LiCi = 5.5 x 2 x 107° and L,C, = 2.75 x 4 x
10~® = 11 x 10~°*, The cut-off frequency,

Fo = oAz = STaATT T T % oveles.

The filter values of L and C as determined above are in line with general
practice, If it is desired to use condensers or inductances that are of rea—
sonable values and that happen to be on hand, it is a simple matter to calcu—
late the constants of the additional material which must be purchased. It is
necessary to allow sufficient safety factor in the selection of condensers and
inductances to take care of the peak voltage and current to be handled.

A power supply to operate from a single phase source is designed in a sim-
ilar manner, the usual arrangerent being a two tube full-wave circuit, or a
four tube full-wave circuit where it is desired to take advantage of the full
inverse peak voltage rating of the tubes. The voltage ratios for each type of
standard circuit are given in Table 1.

POWER TRANSFORMERS: A transformer used to supply power to a rectifier will
run hotter than when delivering the same amount of power to a pure resistance
load. This is due to the irregular current pulses passed by the'rectifier tube.

The ratio of the direct.current output to the normal A.C. power output of a
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’transformer is called the transforrer utilization factor and depends on the rec-

tifier connections, Table 2 shows this factor for various rectifier connec—

tions.,
TABLE 2,
Secondary Utilization

Factor
Single phase full-wave center tap connection 637"
Single phase full-wave bridge connection 9
Three phase half—wave connection 875
Three phase full-wave connection 955

For example, if the d.c. output is to be .5 ampere at BOOO volts in a three
phase half-wave rectifier the transformer rust be rated at (5000 x .5)/.675 =
3710 watts or 3710/3 = 1230 watts per leg. Thus a transformer capable of de—
iivering 2500 watts of A.C, power would not be satisfactory for this rectifier;
Because of this, high voltage rectifier transformers are usually built to spec—
ifications.

. Usually in transmitter supplies the filament and high voltage transformers
are separate units. This simplifies construction and is more economical since
the failure of any one unit will not necessitate replacement of all the trans—
foreers., Also in high voltage tubes the high current required for the tube
filaments makes it advantageous to mount the filament transformer as close to
the tube socket as practical to reduce the IR drop in the filament connecting
leads to a minimum., By using a separate plate supply transformer it is prac—
tical to use a tapped primary which will permit control of the output voltage
and hence the transmitter power,

Since receiver installations are in the low power class it is customary to
use a single power transformer for high and low voltages. This transformer has
one primary and several secondary windings. The number of secondary windings
and the voltage developed across each winding will depend entirely upon the
arrangerent and requirements of the tubes in the receiver. Most modern re—

ceivers use the 6,3 volt heater type tubes as R, P, amplifiers and detectors

with 6.3 volt filament type tubes as power A. F, amplifiers, or else a group

of similar tubes requiring heater voltage of 6.3 volts. It would seem that in
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such a receiver all the filaments and heater currents could be taken from a .
single 6.3 volt winding. This is not practical because the power amplifiers
require a different bias than do the other tubes, and the bias is usually ob—
tained by the voltage drop across a resistor connected between the center—tap
of the filament secondary winding and ground, the plate current returning to
filaments through this resistance. Since this voltage between ground and heater
would be entirely unsuitable for the other tubes, it is necessary to use sepa-
rate windings, one of which must be center—tapped. In some cases, as when us—
ing certain types of automatic volume control, it also becores necessary to
isolate certain of the R. F, tubes due to great voltage differences. In such a
case a third 6,3 volt winding would be required. In other receivers 6.3 volt
tubes may be used in the R. F. and first audio stages with 2,5 volt tubes as
final power amplifiers. The transforrmer secondary windings must be arranged to
meet the particular receiver requirements which are determined by the combina—
tion of tube types and the type of circuit used.

One standard full-wave rectifier tube, Type 80, requires 2 amperes at ) ‘
volts for filaments. One secondary winding must therefore supply 5 volts for
the rectifier filaments and, since the filament circuit forms the high voltage
positive side of a rectifier, this winding must be insulated for more than the
full peak voltage of the high voltage winding with a sufficient safety factor.
The rectifier filament winding need not be center—tapped, the terminal connec—
fion being made to one side of the winding. The Type 80 tube will normally
supply up to 125 mils at 350 volts. A larger full-wave high vacuum tube of
similar construction, the Type 5Z3, will supply up to 250 mils at 800 volts.

The 573 requires 3 amperes at 5 volts for the filament. A somewhat similar
tube is the Type 83 full-wave rectifier which will supply 250 mils at 400 volts.
The filament requires 2 amperes at 5 volts. The Type 83 is a mercury vapor
tube.

The other secondary winding is the high voltage winding. Where a half-
wave rectifier is used this winding need supply only the single high voltage
between the plate of the reétifier tube and ground. Where full-wave rectifi-
cation is desired the high voltage winding must be center—tapped and each side ‘
supply the required high voltage for one rectifier plate, the center—tap con
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‘ i necting to ground. A transformer having two 6.3 volt windings, one being cen—

= — =

ter-tapped, a 5 volt winding for rectifier filawents and a center—tapped high
voltage winding is shown schematically in Figure 21.

Primary | In the design or selection of a power trans—
former careful consideration must be given to the

current carrying capacity of the secondary wind-

ings. For example, if a single Type 618 tube is
l used as the power amplifier, the heater winding
5 6.3} /6.3

need supply only .9 ampere at 6.3 volts, If the

High Volts Volts Volts
Voltage Recti- R.F. P.A. Fila-
fier and  ments volts is used in a receiver employing two 6L6
fila- Det.
ments Heaters

transformer designed to supply .9 ampere at 6.3

tubes in push—pull, unless the transforrer design
Fig. 21. engineer was generous in his safety factor, two
effects will be observed. First, due to the

higher current the winding will heat excessively under continuous operation;
second, due to the increased voltage drop in the secondary winding, the voltage
at the heaters will be low, A similar condition will exist in the R.F, heater
winding if it is used to supply current to more tubes than for which it was
designed.

Some receivers employ a voltage regulating device such as a ballast tube
in the line to the transformer primary winding. The ballast tube is simply a
device the resistance of which vdries in accordance with the applied voltage,
Suppose the receiver is to operate frop a 110 volt power supply. This power
supply voltage in various localities at different times of the day may vary
from 100 to 120 volts or ten volts above and below the standard voltage; (in
some extreme cases even more). To take care of such variation the power trans—
former may be designed to supply the correct secondary voliages with a primary
potential of 80 volts. The ballast tube must then have such characteristics
that, with the normal load current taken by the receiver with a line voltage
of 110 volts it will provide a voltage drop of 3C volts; 110 — 30 = 80 volts
across the primary winding.

Now as the line voltage rises the current tends to increase in proportion,

“his causing the filament of the ballast tube to heat up and its resistance to
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increase, the increase in resistance causing a higher voltage drop across the
ballast tube. With a properly designed ballast tube the voltage drop across
the tube will increase or decrease in almost exact accordance with the varia—
tions in line voltage thus keeping the actual voltage at the transformer pri—
mary constant,

It is absolutely essential in the selection of a power transformer to know
whether or not it was designed for operation with some type of ballast regula-—
tor. If a transformer so designed is placed in a receiver in which the pfimary
connects direct to the line all the secondary voltages will be greatly in excess
of the required values with probable damage to apparatus or tubes. On the
other hand, if the transformer was designed for operation direct fror the power
supply and is used with a ballast regulator in the primary, all the secondary
voltages will be low and the equiprment will operate inefficiently.

If a half-wave rectifier tube Type 8l is used, the filament transformer
rust supply 1.25 amperes at 7.5 volts, Thus, so far as the filarent supply is
concerned, the 81 and the 80 tubes are not interchangeable. The type 80 tube
is used where comparatively low voltage (350 volt maximur) full-wave output is
desired. The maximum current that the 80 can supply at this voltage is 125
eils, The Type 81 tube is used where an output potential of from 500 to 600
volts with a direct current of not more than 85 mils is desired. If more cur—
rent is desired at such high voltage it will be necessary to use two such tubes
in a full-wave combination, or a 5Z3 full-wave tube may be used if the required
voltage does not greatly exceed 400, The 80, 81, and 523 tubes are quite well
evacuated and the voltage drop within the tube is high. For that reason the
actual voltage delivered to the load is largely a factor of the load current,
rising when the current is low and falling off rapidly as the load current in—
creases,

With Class A operation of the power amplifier tubes where the plate current
rerains substantially constant during all variations in signal amplitude, this
current—voltage characteristic is not particularly important during operation
because it can be taken care of in the rectifier design. In .some receivers and
particularly in public address systems where it is desired to obtain the great—

est possitle power output from comparatively small power tubes, there has been
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considerable use of push-pull Class B amplification. Since for good quality of
reproduction it is necessary to assume a constant plate voltage supply, the
high-vacuur rectifier tubes, (80, 81 and 5Z3), would not be at all suitable be—
cause of the variation of tube voltage drop, and hence of output voltage, with
load current variations.,

The solution to this problem is the use of a mercury vapor rectifier tube,
This type of tube is entirely satisfactory as a power supply for Class B ampli~
fiers because of its constant tube drop and suitable tubes have been developed
for that purpose. Such tubes are the Type 82 full-wave rectifier which will
supply continuous direct current of 115 mils #ith peaks of 345 mils at over 400
volts, and the Type 83 which will supply double the above currents at the same
voltage. Of course the d.c. voltage drop through the filter reactors and trans—
forrer winding will vary with load current but this is taken care of by the use
of low resistance windings.

Vacuum or low-gas—content rectifier tubes with their high internal voltage
drop have a serious disadvantage where comparatively high voltage power tubes
are used in conjunction with a large number of the slow—heating heater types.
The rectifier filaments warm up quickly and deliver a high voltage output to
the filter. Until the tube cathodes reach emission temperature the plate cur—
rent drain on the filter is low and the voltage correspondingly high. This
soretimes results in punctured filter and by-pass condensers and must be al-
lowed for in the selection of such condensers. With mercury vapor tubes where
the regulation is so much better, the voltage varies over much narrower limits
with varying loads.

Figure 22 shows the circuit of a full-wave rectifier and power transformer
with the windings as shown in Figure 21. The full-wave rectifier has two sets
of filaments and plates within the single tube, the filaments being paralleled
within the tube.

VOLTAGE DIVIDERS FOR A.C. OPERATED RECEIVERS: The output from the recti-
fier and filter is supplied to the tubes, (plate,screen and,grid biss voltages),
through a voltage dividing circuit. An early lesson discussed fuudamental
voltage divider circuits in which, with a given d.c. voltage supply source,

several different voltages could be taken off for the operation of the various
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tubes in a receiver or transmitter. In this lesson will be discussed in greater
detail the methods by which the individual voltages are ootained in actual prac—
tice.
110 Volt Since the voltage dividers used in
A.C, receivers are in general more complex than

those in transmitters this discussion

will be devoted primarily to receiver

’Tﬂfﬁﬁ}ﬂfUT (00 [Tfyl [Yﬂyl networks although exactly the same methods
. 6.

may be applied to the voltage dividers

6.3

Volt Volt used in transmitters.

P.A. R.F.,L.F. .

Tubes  Det. and In the modern broadcast receiver
j? L0 Lol operating from an alternating current

(L tubes
e supply the voltage arrangement which
Output . . < as
must be obtained from a single rectifier
Fig. 22,

source is quite complex. For example, in
the superheterodyne receiver the circuit components include the radio frequency
amplifier, the first detector, the oscillator, the intermediate frequency am—
plifier, the second detector, the first stage of audio frequency amplification,
the second stage of A. F. amplification, {power amplifier), and the automatic
volume control. (Also possibly automatic bass control, automatic frequency
control, tuning tube, and other special circuits.) During the past several
years a great variety of tubes have been developed to provide the most efficient
operation in each circuit of the receiver. One superheterodyne receiver for
example uses the Type 6K7 variable—u Screen Grid tubes as radio frequency am—
plifier and intermediate frequency amplifier, a Type 6H6 as combined second de—
tector and automatic volume control a Type 6C5 as oscillator, a 6C5 as 1st A.F,
amplifier, a 6L7 1lst detector, and two Type 6F6 tubes in push—pull in the power
amplifier stage.

Where greater power output is desired, the last stage may consist of two
6L6's in push—pull. There are a great number of other tube arrangements used
in modern receivers, both for broadcast and other purposes, and each tube as
used for its particular purpose will operate most efficiently when all the
voltages are correct.

What voltages must be considered in the design of a resistance network

to obtain the best results? In a combination such as outlined above, the same
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‘ plate voltage may be used for the R. F, amplifier, the first detector, the in—
termediate frequency amplifier and first audio amplifier. A lower plate volt—
age is ordinarily used for the oscillator, with a higher plate voltage for the
power amplifier tubes.

A1l tubes, with the exception of the oscillator, operate with a negative
biasing voltage on the control grid and the normal biases for most of these
tubes are different. In addition the control grid bias for the two Type €K7
tubes must be so arranged as to permit variation over quite a wide range by
means of automatic volume control.

Figure 23 shows a simple arrangement for obtaining several plate voltages.
To P.A. Plates
.. To RF Amp, 1st Det, 1st A.F,

and IF Amp. Plates
A . —To Osc. Plate
Al el U L D
Ll Ly L3 R1 Rg
R
. Rectifier Ci Com= Cs== T 3
- O —|— l 3
Fig. 23,

The filter consisting of L,, L, and Ls, and Ci, C» and C3 is shown because one
of the filter reactors, Ls, also serves as one of the voltage divider resist-
ors. There are several reasons for this: First, the reactor is necessary in
order to provide the additional filtering needed for the tubes other than the
power tubes; second, this reactor has a certain amount of resistance which, if
the plate current for the power amplifier stage passed through it, would drop
the plate voltage for those tubes to too low a value; third, it tends to keep
the cost of construction down because it eliminates the necessity for an ad-
ditional comparatively high wattage dropping resistor.

A previous assignment indicates the method of calculating the
values of resistance to use in Ls, Ry, Re and Rs. Since the plate current
return to the cathodes is made through ground, the chassis of the receiver,
‘ it is not difficult to trace the fundamental circuit, The plate current for
all the tubes plus the bleeder current, flows through L, and L, therefore the
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plate voltage for the power amplifiers taken off at point A is equal to the
rectifier terminal voltage minus the drop across L; and L,. The bleeder cur—
rent plus the current for all tubes except the power amplifiers flow through
Ls, and the voltage taken off at point B is equal to the voltage at point A
mwinus the drop across L,, The plate current for the oscillator plus the
bleeder current flows through R, so that the voltage at point C is equal to
the voltage at point B minus the drop through R,, Only the bleeder current

flows through R, and Rs; as shown. The value of each resistor is calculated

from the desired voltage drop divided by the known current through the resistor.

R = E/I. Unfortunately in the modern A. C. operated receiver the actual ar—
rangement is not so simple as that shown in Figure 23, but the principle of the
voltage divider design is similar.

The screen grid voltage is usually obtained in a manner similar to that of
the plate voltage. In Figure 23, the screen voltage could be taken from point
D, R, and Rs being so proportioned as to give the desired voltage at this
point, or the screen voltage can be taken directly from the plate voltage tap
through a dropping resistor,

One method of obtaining a negative grid bias voltage from the voltage
divider is shown scheratically in Figure 24. Here R, R, and Rs form the posi-
o A+ B+ Ct+ tive side of the divider cir-
cuit, points A, B and C being
positive with respect to

ground. Point D will be

negative with respect to

Fig. 24, ground by the amount of the
IR drop across Rs, I being the full rectifier current. With the tube cathodes
or filaments connected to ground (chassis) the negative grid bias voltage can
be taken from point D and the positive plate and screen grid voltages from
points A, B and C. This arrangement of obtaining thé negative bias voltage has
two serious disadvantages: First, it does not permit any simple method of ob—
taining different and variable bias voltages for the individual tubes; second,
the grid circuit must be insulated from the chassis and the leads run for con—

siderable distances to the source of negative voltage. This latter objection
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is the most serious because in a receiver in which several circuit tuning con—
densers are operated by means of a single tuning control it will be difficult
to line the circuit up with grid leads of various lengths, The alternative of
feeding the bias voltages through_R. F, chokes is both troublesome and expen—
sive. The insulation of the grid circuits can be employed however by using suf-
ficiently large bypass condensers to ground in all circuits. This is not the
preferable arrangement.

From the viewpoint of the radio frequency circuit it is very desirable to
have the grid circuit connections of uniform length and as short as possible,
the ideal connection being direct to the chassis of the receiver. This can be
done by insulating the filament and cathode circuits above ground. It is not
at all essential that the grids be negative with respect to ground; they must
be negative with respect to their cathodes. If the grid is coﬁnected to ground
and the cathode made € volts positive with respect to ground, there will be a
6 volt negative bias on the grid. This can beg very simply arranged by connect—
ing the cathode to ground through a resistor as shown in Figure 25, The plate
+B current within the tube flows from cathode to plate
and, through the external circuit, back to the

cathode, Thus the plate and screen currents rust

N

return to the cathode through ground and Ry. Since

current flows from negative to positive, the grouma

side of Ry is negative with respect to the cathode

and, since the grid connects through its tuned cir-

Fig. 25, cuit directly to ground, the grid is negative with
respect to the cathode by the arount of the IR drop across Ry, I of course being
the sur of the plate and screen currents of this particular tube,

To calculate the value of resistance necessary to obtain the correct bias
for a triode, it is only necessary to know Eg and Ip. Assume that a normal op-
erating bias of 3 volts is required and the normal plate current of the tube is
8 mils. Then R = E/I = 3/,008 = 375 ohms.

Suppose the power amplifier consists of two Type 2A3 tubes operating Class
AB; in push—pull, the tubes taking plate current of 40 mils each and requiring

~a grid bias voltage of =62 volts., Figure 26 shows the arrangement for obtain—
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ing the bias. The filaments are taken from & common 2.5 volt winding on the

power transformer. The plate voltage from the rectifier is fed into the center

=

of the primary of the out-

. put transformer, the ex—
lE% Output tremes of the primary comr—
l necting to the two plates.

The center—tap of the sec—

ondary of the input trans—

former connects directly

o—in

ch é to ground placing the grids
1%

at grocund potential. The
Fig. 26.

filament circuit is insu—
lated above ground and the connection to a ground is made through Ri. Since the
plate current flows through Ry from ground to filament, the filament will be
positive with respect to ground, and consequently with respect to the grids, by
the amount of the drop across Ri.

Since the plate current of each tube is 40 mils, the total current through
R, will be 80 mils. Therefore, R, = 62/,08 = 775 ohes. In the selection of
this resistor it must be remwembered that it must carry, without overheating, 80
mils. Watts = I°R = .08% x 775 = 4,96 watts. A 10 watt resistor should be
used here.

It is considered good engineering practice to use resistors the wattage
rating of which are from 2 to 3 times the actual power required to be dissipated
by the resistor in service, Manufacturer's ratings are based on free air cir-
culation on all sides of the resistor, a condition rarely obtained in practice.

When designing the power supply for a combination as shown in Figure 26
where a high value of negative grid bias is to be used, it must be remembered
that the bias voltage subtracts from the effective plate voltage because it is
in series between the plate and cathode. Therefore if an effective d.c. plate
voltage of 250 volts is desired with a 62 volt negative bias, the voltage be—
tween the plate tap and ground should be 312 volts.

If power pentodes are used in the power amplifier stage instead of the 2A3

triodes, the screen current of the pentodes must also be considered in the de—
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‘ sign of the bias resistor because it is an appreciable portion of the total

current through the resistor. Operating Class A with Ep = 250 the plate cur—
rent of the Type 8F6 tube is 34 mils while the screen current is 6.5 mils,
Thus for two AF6's in Class A push—pull the current through the biasing re—
sistor would be 68 mils plus 13 mils or 81 mils total. On the other hand the
6F6 operated as stated requires only 16,5 volts of negativé bias so that the
biasing resistor for the push-pull combination should be, R = 16,5/.081 = 204
ohms.

Where plate detection is used, the normal type of detection where a high
gain I, F, amplifier and power detector are employed, the operating bias is
usually from about 12 to 20 volts depending upon the tube used. In the case
of a Type 6C5 triode with grid bias of =17 volts the plate current will be
about .2 MA or ,0002 ampere. In this case the biasing resistor may have a
value of R = 17/,0002 = 85,000 ohms.

In practice with various types of tubes, the correct value of resistance
will usually be between about 35,000 ohms and 100,000 ohms.

While the arrangement of resistances as described above to obtain individ-
ual voltages is extremely simple, the actual combination of these various re—
sistances in a modern high quality, high gain receiver in which all the values
rust be coordinated, is somewhat more complex. Probably the most comprehensive
manner in which to discuss the complete operation of such a circuit is through
a very detailed study of the actual voltage divider circuit as used in an A.C,
operated receiver. Figure 27 illustrates such a circuit. Only the d.c. cir-
cuits are shown. This is a superheterodyne receiver employing one stage of
tuned radio frequency amplification, a first detector, one stage of intermedi-—
ate frequency amplification, a second detector, a first audio amplifier, a push-
pull power amplifier, an oscillator and an automatic volume control tube.

In this diagram the values of all resistors are stated as are the values
of most of the currents, the direction of flow of some currents where the di-
rection of flow is not apparent, and the voltages along the main portion of the
voltage divider. A ﬁumber of minor discrepancies will be observed; for example,
between the total current and the sum of the individual currents shown, between

the voltages at certain points along the circuit and the products of IR by
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which the various voltage drops are obtained., There are several reasons for
these discrepancies; first, the high voltages shown were actually measured with
respect to ground (chassis) and the current flow through the voltmeter intro—
duces a small error; second, there are a number of currents which are classed
as individually "negligible" but which add up to an appreciable current when
flowing through the higher values of resistance; third, the actual current in
the tubes is not exactly as given in the values shown when the readings were
taken; fourth, standard values of resistances are used instead of the ‘exact
values as calculated; the error introduced by the variation in resistance how—
ever is not greater than that introduced by slight changes in tube character—
istics during operation and by the differences in individual tubes. The slight
discrepencies due to these various causes are not sufficient to make the under—
standing of the operation of this circuit difficult,

The rectifier delivers power to the filter circuit consisting of Li, L.,
Ly and Ci, C, and Cs as shown in Figure 27, Just as in Figure 23, the filter
reactor Ls also serves as one of the voltage divider resistors., The voltage at
point A between L, and Ls is 305 volts with respect to ground. The current
flowing to this point is the 65 mils from the two power tubes and 45 mils (ap~
proximately) from the rest of the voltage divider system, a total of 110 mils
flowing through the filter reactors L, and L. to the rectifier, (Current di-
rections are shown as from negative to positive, the actual direction of elec—
tron flow.) As this current flow leaves the rectifier, 65 mils must return to
the two power tube filaments.” An examination of the circuit shows that that
current can return only through R, which connects between ground and the center—
tap of the power tube filament transformer secondary of T, As 65 mils flows
through R, from ground to the filament, a voltage drop equal to IR or ,065 x
800 = 52 volts is developed across R;. The center—tap of the grid or secondary
winding of T,, the input transformer to the power amplifier, connects to ground.
Since ground is negative with respect to the filaments by the amount of the
drop across R;, the power amplifier grids are negative with respect to the
filaments by 52 volts. Since R, is in the filament side of the plate circuit
and since the voltage applied to the power amplifier plates at point 4 (305

volts) on the voltage divider circuit is measured with respect to ground, the
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actual difference of potential between plate and filament circuits is 305 — 52 .
or 253 volts.

With 65 mils from the rectifier leaving the ground connection and returning
to the cathodes through R,, it is necessary to look for ground connections in
order to trace the path of the rest of the current flow through the filter and
voltage divider circuit. Immediately above Ti is the oscillator tube, Type €C5,
with cathode connected directly to ground. Since the plate current of this
tube is given as 3 mils, this current must enter the tube at the cathode com—
nection to ground. The grid of the oscillator connects to ground through Re, a
100,000 ohr grid leak, and the oscillator bias is equal to the grid current
voltage drop across Rs.

Another ground connection is found at Ris. The cathode of the second de—
tector tube, (Type 6C5), connects to ground through Ris, a 100,000 ohm resistor.
The plate current of .2 mil returns to the cathode through this resistor making
the cathode positive with respect to ground by the amount of IRis, about 20
volts. The grid connects directly to ground and is therefore negative with re-
spect to its cathode by 20 volts. .

Another ground connection is found at the cathode of the first audio am-
plifier, this cathode connecting to ground through Ri,, a 1500 ohm resistor.

Ip returning through Ri. produces a grid bias of approximately 7.5 volts.

The only other connection to ground is at Rg, the low potential end of the
main voltage divider circuit. A current of approximately 37 mils enters the
divider system at this point. Flowing through Re, point G is made positive
with respect to ground by IR, .037 x 500 or 18 volts. The next resistor, Rs,
is a 450 ohm potentiometer which makes point F 35 volts positive with respect
to ground. The movable contact of Rs connects to the cathode of the A.V.C.
tube, a Type 6J7. By means of the movable contact the cathode of the A.V.C.
tube can be varied between 18 volts and 35 volts positive with respect to
ground. The grid of the A.V.C. tube connects to the cathode of the second de—
tector tube above Ris and is therefore positive with respect to ground by 20
volts. With both the grid and cathode positive with respect to ground the ac—
tual difference of potential between them is equal to the difference between .
the grid and cathode voltages, each measured with respect to ground. The grid
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.voltage is largely fixed at t20 volts. The cathode voltage can be varied be-
tween +18 and +36 volts. Therefore the grid voltage with respect to the cath-
ode can be varied between +2 volt and —15 volts. The cathode current to the
AV.C. tube is very small, and since the resistance values of Rs and Re are
small, the error introduced by neglecting this current will not appreciably at-
fect the calculations of the current. It will be noted that the plate current
of the A.V.C. tube flows through a 700,000 ohm resistor so that Ip is extremely
srall and practically, in the study of the circuit, may be neglected.

The next resistor, Re, 270 ohms adds its voltage drop to those of Rs and
Re to establish a potential of 45 volts positive with respect to ground at point
E. At this tap the screen of the A.V.C. tube is connected. The drop across R4
is 10 volts. Thus when the potentiometer arm of Rg is at the 35 volt end, the
screen grid of the 8J7 is 10 volts positive with respect to its cathode. With
the potentiometer arm at the other end of Rs the screen is 27 volts positive
with respect to the cathode. The current through Re is still approxirately 37

' rils because the screen current of the AV.C. tube is negligible.

Next is Ry, a 2400 ohr resistor. With the current still approximately 37
mils there is a voltage drop of 90 volts across Ra, making point D 135 volts
positive with respect to ground. The circuit tapping into this point is very
interesting., 37 mils flow into this point from Rs. The diagraw shows 15 mils
flowing from point D through R, and 22 mils to the receiver tubes. An examina—
tion of the circuit from point D shows the following connections: Through the
700,000 ohr resistor Ris to the plate of the A.V.C. tube; directly to the plate
of the oscillator tube; through the 120 ohm resistor Rp to the cathode of the
R. F, amplifier tube; through a further resistance of 1000 ohms, Rio, to the
cathode of the First Detector; through a 200 ohm resistor, Rii, to the cathode
of the Intermediate Frequency Amplifier Tube. Thus point D connects to the
plate of the A.V.C, tube, the plate of the Oscillator iube, and the cathodes of
the three 6K7 tubes. To study the current distribution through this circuit it

_is necessary to resort to Kirchoff's First Law which states, "The sum of the

‘ currents flowing from any point in a circuit is equal to the sur of the currents

flowing to that point.” Also note two additional points, x and y.

The current leaving point D and flowing toward the receiver tubes is 22
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wils. This current flows toward point x. A small and negligible current also .
flows toward point x from the plate of the A,V.C. tube. Thus 22 mils flows

from point x toward point y. At point y another current of 3 mils approaches

fromw the plate of the Oscillator tube., Thus the combined current of 22 + 3 or

25 mils flows toward point y.

At point y there is a third connection, to the cathodes of the three 6K7
tubes. Since this is the only other connection to point y the 25 mils flowing
toward point y from the other two branches must flow away from y through this
third circuit. The cathode current of the three 6K7 tubes is seen to equal the
sur of the plate.and screen grid currents of these tubes as listed on the dia—
gram.' It will be seen that the return of the plate circuits to the cathodes of
the 6K7 tubes is quite complex being partly through two other tubes, and partly
through the main divider circuit.

This leads to a consideration of the actual voltages applied between the
tube elements connected at this point. Point D is 135 volts positive with re—
spect to ground as is point x. The plate of the oscillator tube connects di— .
rectly to this point and its cathode connects directly to ground therefore the
plate of the oscillator tube must be 135 volts positive with respect to its *
cathode.

The plate voltage of the A.V.C, tube is difficult to calculate or measure
because of the high value of R,s, 700,000 ohms, in its plate circuit, When
weasured it merely gives a positive deflection on the voltmeter due to the com—
paratively high value of current taken by the meter through such a high resist-
ance, In operation the plate current of this tube depends upon the R, F, sig—
nal voltage impressed on the grid, The tube is biased as explained above and
norrally the voltage drop across R,s is not great due to the extremely small
value of current, but this voltage drop is a function of the control bias as
regulated by the potentiometer Rs, and of the magnitude of the incoming signal
voltage,

The cathodes of the three 6K7 type tubes connect, through their respective
bias resistors, to point D through point Y. It will be observed that they also ‘)
connect along this same circuit to the lower or positive side of Ris. To the

plate of the A.V.C, tube which is also the negative side of Rys connect the
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grids of the 6K7 tubes through 10,000 ohm stabilizing resistors, Rie, Ris, Ris.
With no plate current in the A.V.C, tube, that is, no current through Ris, the
8K grid potentials will be that of point X, and point x will be negative with
respect to the 6K7 cathodes by the amount of the IR drop through the respective
bias resistors, Rg, Rio and Rii. As the signal amplitude increases and current
flows through R;s the grids of the 6K7 tubes are driven more negative by the
drop across Ris, thus decreasing their sensitivity and the signal amplitude,
(The detailed operation of the A,V.C, tube is explained in another lesson.)

Assuring no current through Ris the normal grid biases for the €K7 tubes
can be calculated. The plate and screen current for all three tubes, 25 rils,
flows through the 120 ohm resistor, R,. The drop across this resistor is IR =
,025 x 120 = 3 volts, Since the cathode of the R, F, amplifier connects directly
above Ry the normal bias on %he grid of this tube is 3 volts.

The next 6K7 tube, first detector, cathode connects above Ry through a
1000 ohe resistor Rio. The combined plate and screen current of this tube is
shown as 7 mils, therefore the drop across Rio is .007 x 1000 or 7 volts. This
voltage drop adds to the drop across Ry providing a total norrmal negative bias
for this tube of 10 volts.

The cathode of the third €K7 tube, I, F, Amplifier, connects above Rg
through a 200 ohm resistor, Riy. The plate and screen currents of this tube
total 9 rils giving a voltage drop across Ryi of 009 x 200 or 1.8 volts, This
added to the drop across Ry provides a normal operating bias of 3 + 1.8 or 4.8
volts negative for the I, F, amplifier,

As the amplitude of the signal voltage becomes sufficiently great to cause
plate current flow in the A.V,C, tube and consequently through Ris, or when the
volume control potentiometer Rs is moved to a point which allows plate current
to flow in this tube, the drop across Ris adds to the normal bias voltages of
the first three tubes thus reducing their sensitivity and gain. Since these
tubes are all of the variable—u type, a very gradual control of volume over a
very wide range is obtained.

At point C the voltage with respect to ground is 215 volts, the drop across
the 5300 ohm resistor R, by the bleeder current of 15 mils being approxirately

80 volts. The screen grids of the three €K7 tubes connect here, their poten—
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tial with respect to the cathodes being 80 volts minus the amount of the bias—
ing voltage since the cathodes connect at the 135 volt fap. At this point also
connect the plates of the 2nd detector and the lst audio amplifier, both Type
6C5 tubes., The plate powentials of these tubes is 215 volts less the individ-
ual bias voltages.,

At point B the voltage with respect to ground is 285 volts. The plates
of the first three tubes, the 6K7's connect to this point. Since the cathodes
connect to the 135 volt tap, (point D), the plates are positive with respect to
their cathodes by 285 — 135 or 150 volts minus the bias voltages. It should be
observed that the current through the 3050 ohm resistor, Ri, is the bleeder
current of 15 mils, the screen current of the 6K7 tubes, and the plate currents
of the first audio amplifier and the second detector. The latter current is
neglected in the calculations as it is quite small.

At point B the plate currents of the three 6K7 tubes add to the bleeder
current of 15 mils giving a current flow through L, of approximately 45 mils.
With a d.c. voltage drop across Ls of 305 — 285 or 20 volts, L; rust have a re—
sistance of 20/,045 or 445 ohms, At point A the current of 45 mils joins the
65 rils of plate current from the power tubes producing a total current to the
rectifier of 110 mils,

This circuit should be restudied thoroughly because it has a number of
interesting features., It will be observed that the current is greater in both
ends of the voltage divider circuit than in the middle of the main divider
circuit., This is because of the peculiar arrangement whereby the cathodes of
the first three tubes are held at such a high positive potential with respect
to ground, this being required by the particular syster of automatic volume
control used. This circuit demonstrates very clearly that in any tube opera—
tion the actual difference of potential between tube elerents must be consider—
ed, and not the voltage with respect to ground.

It is practically impossible to accurately check such a circuit by means
of a conventional set tester because with so many high values of resistance and
interconnected circuits, the current taken by the test meters will give very
erratic readings as compared with the actual operating conditions. The condi-

tion of the tubes ray be tested individually on a tube tester and then the
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various resistances measured and checked against the circuit data furnished by
the manufacturer.

In studying this circuit it should be remembered that no attempt has been
made to show any of the radio frequency circuits, bypass condensers, etc. Only
the actual d.c. circuits are shown. It can easily be seen that there is a very
distinet connection between the operation of all parts of the circuit. A short-
circuit or loss of emmission in any one tube will change the voltages applied
to all other tubes as will the opening or shorting of any one of the principal
resistors. For this reason the greatest care must be taken in diagnosing trouble

in such a circuit because an incorrect diagnosis can easily be made.

WwWWWwW.americanradiohistorv.com .


www.americanradiohistory.com

