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1. 
This invention relates to power supply cir 

cuits. It relates more particularly to voltage 
supply circuits for transformerless receivers, of 
the A. C.-D. C. type, using series connected elec 
tronic tube heaterS or filamentS. 
Tungsten or similar metallic type filaments 

or heaters in thermionic or hot-cathode type 
electronic tubes have a positive temperature co 
efficient of resistance. That is, the resistance 
increases as the temperature is raised. Accord 
ingly, there is an initial Surge of current when 
the low resistance filament is first connected to 
a current source. This Surge may, and often 
does, exceed the rated current capacity of the 
filament and is therefore detrimental to tube 
life. An initial Surge current of this type may 
exceed the normal operation current by Six Or 
Seven times. 
The surge current is particularly detrimental 

when a thermal lag of any one heater in a plu 
rality of series connected heaters or series string, 
is substantially shorter than that of the rest. 
This means that excess current will flow 
through the heater for a substantial time: pe 
riod, until all the heaters are sufficiently warned 
up. If one heater of a series string has a lower 
voltage rating, its thermal lag is generally 
shorter than that of the heaters having a higher 
voltage rating. This is true in many present 
receiver circuit designs which employ a series 
filament string having rated heater voltages to 
correspond to the power line supply voltage. A 
five tube set may have heater voltages somewhat 
in the following order: 50, 25, 12.6, 12.6, 12.6, 
thus totaling 112.8 volts which very nearly cor 
responds to the average voltage of a 110 volt 
Supply line. 
A continuous operation of heaters while the 

set is off would give increased tube life because 
of the reduction of temperature strains due to 
the initial current surge through the heaters 
when the set is turned on. In such operation 
the differences in thermal lag are minimized. 
Furthermore, by this means moisture is kept out 
of the set accordingly preventing fungus growths 
or other deterioration of the parts. 
The time interval required för warming up 

an indirectly heated cathode to produce normal 
electron emission is generally of the order of 
several seconds and is therefore objectionable. 
As a result, several methods have been used to 
hasten the warm up period of systems using 
such heaters. Many of these methods have in 
therselves been detrimental to tube life. By 
continuous operation of the heaters, such warm 
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up delay is either entirely precluded or at least 
Substantially eliminated without adversely af 
fecting the tube life. 
Means for continuously operating heaters at 

reduced voltage in a stand by condition, while 
the associated radio circuit is inoperative or the 
radio receiver is off, have been known in the 
prior art. As a general rule, however, such 
means include a ballast or voltage dropping re 
sistor to reduce the voltage across the heaters. 
This type of resistor dissipates a large amount 
of heat which is objectionable, particularly in 
a small receiver cabinet When parts are crowded. 
Efficiency of Such a meanis is therefore very low. 

It is alsó, at times, a problem. tó rèduce power 
frequency hum in receivers having alternating 
current heater supply voltages. This is partic 
ularly true in frequency-modulated signal re 

In the ratio detectors or discrini 
nators, used in the latter type receiver, the cath 
ode of One detector tube is generally at high 
audio frequency impedance above ground. When 
this is so and an alternating heater Supply volt 
age is used, leakage current from the essential 
ly grounded heater to the cathode may cause 
a hum in the audio frequency output. The hum. 
frequency iš related to the power line frequency 
and is therefore generally either 60 or 120 
cycles. In many cases also, because of the A. C. 
heater supply voltage, the heterodyne oscillator 
is frequency modulated at the power line fre 
quency, again causing hum in the audio fre 
quency output signal. A direct current heater 
supply voltage system has therefore been used 
in some of the more expensive receivers in order 
to eliminate these problems. Such a system in 
the past, however, has generally been limited to 
high-price equipment. 

Öscillator frecuency drift with the warmi up 
of a receiver will cause an erratic tuning. This 
is düe t? thermal expansion of p?rtS in the fre 
quency determining circuits of the receiver. By 
keeping the tubes warm or at reduced power 
when the receiver is turned off, the tempera 
ture changes and therefore the thermal ex 
pansio? óf the parts is lessened. Aš a resült, 
the 6scillatof frequency drift arid the general 
receiver mistuning is minimized. r 

It is therefore a primary object of this in 
vention t? provide a low cost improved plate 
and heater supply system which will correct in 
adequacies of the priorart Systemis. 

It is another object of the invention to pro 
vide a low côst power supply systèm which will 
minimize hum in the receiver output. 
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t is a fuirther object of the invention to pro 
Wide a System. Whereby Warm up time is reduced 
to a minimurn, yet in which improved tube life 
results. 

Still further objects of the invention are to 5 
provide Systems in Which erratic tuning due to 
thermal expansion of parts is minimized and 
in which a transformerless or A. C.-D. C. type 
power Supply circuit is used. 

In accordance with the invention, there is prO- 0 
vided a power Supply system for transformerleSS 
or A. C.-D. C. type receivers having electronic 
tupe cathode heaters or filaments connected in 
series. Continuous heater operation is pro 
vided with the heaters at reduced voltage when 5 
the receiver is off. A System is provided wherein 
a single switch is used to apply full operating 
voltage to the heater. There is simultaneously 
applied to the receiver, the high potential di 
rect current supply voltage. A further feature 20 
of the invention provides versatility in the con 
nection of receiver heaters and the provision of 
a direct current for the energization of the 
heaters. 
Although this invention is particularly useful 25 

With respect to filamentary heaters generally 
used with cathode type tubes, it may readily be 
applied with equal advantage to filament type 
tubes. For purposes of simplification, therefore, 
the term heater is used in this discussion in its 30 
generic sense to include any hot-cathode heating 
means, either self-heated filament type or in 
direct cathode heater means. 
The novel features that are considered char 

acteristic of this invention are set forth with 35 
particularity in the appended claims. The Oper 
ation itself, however, both as to its organization 
and mode of operation, as well as additional ob 
jects and advantages will best be understood 
from the following description. When read in Con- 40 
nection with the accompanying drawing. In the 
drawing, like reference numerals refer to like 
parts throughout the respective figures. In the 
drawing: 
Figure 1 is a schematic circuit diagram of a 

receiver System embodying the invention; 
Figure 2 is a simplified Schematic diagram of a 

portion of a power Supply circuit as embodied in 
the System of Figure 1, arranged in accordance 
with the invention; and, 30 

Figure 3 is a simplified schematic diagram of 
an alternate modification of a portion of a power 
Supply system, also arranged in accordance with 
the invention. 

Referring now to the drawing, Figure 1 is a 55 
Schematic diagram of a frequency modulation 
receiver circuit which embodies the power Sup 
ply System of the invention. This circuit is used 
to illustrate some of the many advantages of the 
invention. Certain improved functions, which 60 
Will be discussed in detail hereinafter, are pos 
sible when operation of the improved power sup 
ply System is combined with that of such a re 
ceiver. The mode of operation of frequency 
modulated signal receivers of this type is well 65 
known to those skilled in the art. Therefore, a 
detailed description of the entire system is not 
necessary for an understanding of the present 
invention. However, a general description of the 
circuit follows. A detailed description is made to 
of the circuit portions which are related to the 
present invention. 
An antenna, or other source of signal energy is 

coupled by an input circuit 8 to a radio frequency 
amplifier tube í S. This tube preferably has a 75 

4. 
heater type flament 2. Such a tube may be, for 
example, a 12AW6. This radio frequency am 
plifier and its associated circuit is in turn coupled 
to a mixer circuit. One portion 2B of a double 
triode such as a 12AT7 type tube, having the 
Other triode section 2A connected in an oscil 
lator circuit, is used in the mixer circuit. This 
Section is recognized as the first detector stage 
of a Superheterodyne type receiver. The twin 
triode Oscillator and mixer tube 2 has a common 
heater element it having separate portions asso 
ciated with each triode section. 
A transformer 6 is used to couple the output 

circuit of the mixer to an intermediate frequency 
Section utilizing a pair of intermediate frequency 
amplifier tubes 3 and 23. In the present em 
bodiment, 12 volt heaters 22 and 24 are used in 
each of the intermediate frequency amplifier 
tubes which may be of the 12AW6 type. Coupled 
to the I.-F. amplifier is a dual diode ratio detector 
12AL5 tube 28 and its associated circuit. Any 
FM detector may be used here, such as for ex 
ample, One of those fully disclosed in the Patents 
2,497.840 and 2,497.841, issued to S. W. Seeley, for 
improvements in Angle Modulation Detectors, on 
February 14, 1950. The presently shown circuit 
has an FM signal detector tube 26 with a 12 volt 
heater divided into two separate portions 28A 
and 28B, one portion being for each of the re 
Spective diodes. A ratio detector transformer 30 
is used as the coupling means between the final 
I.-F. amplifier circuit and the ratio detector cir 
cuit. 
The Secondary of the ratio detector trans 

former 36 has the high potential terminal con 
nected to the cathode 32A of the ratio detector 
tube 26. Therefore, the cathode 32A is at a high 
audio frequency impedance with respect to 
found. Since the cathode heater 28A is nearly 

at ground potential in general, as shown by the 
particular described embodiment, the cathode 
32A is at a high audio potential with respect to 
its heater 28A. When an alternating current is 
applied to the heater in such a case, it is difficult 
to prevent a leakage current at the power line 
frequency between the heater 28A and the cath 
ode 32A. This, of course, will produce a hum in 
the audio output of the receiver. The second 
detector audio output signal is taken from a ter 
tiary Winding 33 connected to a tap 34 on the 
Secondary 35 of the ratio detector transformer 
30. This signal is applied to the audio fre 
quency amplifier tube 36, which may be a 6AQ6 
or similar type tube. This tube is provided with 
a cathode and a 6.3 volt heater 38. 
The output circuit of the A-F. amplifier stage 

is coupled by means of a capacitor 60 to a power 
amplifier stage using a 50C5 type tube 42. This 
tube has a 50 volt heater 44 connected in series 
With the heaters of the above described tubes. 
In order to prevent heater overload, all the de 
Scribed heaters must have the same rated operat 
ing current capacities. This necessary condition 
for Series heater strings is met by the particular 
tube types hereinbefore described. 

In this particular circuit the rated heater volt 
ages of the seven tubes in the series string will 
total 119.3 volts. Although this is more voltage 
than that supplied by an ordinary 110 volt power 
line, in accordance with the present invention a 
heater String of rated voltage in excess of the 
rated power line voltage may be used, as will be 
later described in detail. 
An output transformer 46 couples the power 

amplifier stage to a speaker 48. Through the 
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primary 50 of this output transformer 46 the B-- 
power amplifier tube supply terminal 54 is colº 
nected to the anode 52 of the power amplifier 
tube 42. Operating voltage is connected to the 
screen grid 55 of the power amplifier tube directly 
from the junction of the output transformer 50 
and the power supply terminal 54. These con 
nections are typical of those conventionally used 
to supply operating potentials to the power an 
plifier tubes in receivers of this type. 
A power supply filter resistor 56 is connected 

between the B-- power amplifier tube supply ter 
minal 54 and a common B- supply terminal 58 
for the remainder of the receiver circuit. Power 
supply filter capacitors 60, 62 are connected to 
ground from each side of the filter resistor 56, 
thereby being connected to one of the power line 
terminals 64, which is also grounded. The series 
heater string is connected at one end to this 
grounded power supply terminal 64. The other 
power supply line plug or terminal 65 is connected 
to a power supply connection 10 by means of a 
series rectifier, which is preferably of the dry 
disc or blocking layer type, such as copper oxide. 
Three series connected dry disc rectifier sections 
7, 72, 73 are provided to meet the rated current 
requirements of this embodiment. Any other 
type rectifier may be used in this circuit, but it 
should be selected to have a sufficient Current 
rating for the needs of the receiver circuit. An 
on-off receiver switch 75 of the single-pole single 
throw type, to provide for the application of 
high voltage to the receiver, is connected be 
tween the power amplifier tube high voltage ter 
minal 54 and the power supply connection 70. 
The other end of the series heaters is also con 
nected through the rectifiers to the other power 
line terminal 65 by medium of this power supply 
connection 70, and therefore the Switch in addi 
tion provides for the application of full operating 
current to the heaters. 
Operation of the power supply circuit will be 

more easily understood from a consideration of 
the simplified circuit diagram shown in Figure 2. 
This circuit diagram is identical with the similar 
portion of that of Figure 1 except that for pur 
poses of simplicity, a single rectifier 74 is con 
nected between the power line terminal 65 and 
the power supply connection terminal 70. All 
parts not necessary for the following description. 
of the invention have been eliminated from the 
circuit diagram so that the operation of the 
heater supply and high voltage power supply cir 
cuits Of the invention Will be more ea Silly under 
stood. 

it is seen from a consideration of this figure 
that the heaters are connected directly across the 
line terminals through the rectifier 4, at all 
times. When the power line is connected to the 
terminals 64 and 65 therefore, there will be sup 
plied to the heaters a rectified current. Since 
the dry disc rectifier 74 is connected in circuit 
as a half wave rectifier, the effective current flow 
ing to the filaments will be reduced to approxi 
mately half of what would be the unrectified line 
current. The rectifier 14 therefore provides the 
same function as a dropping resistor in the Series 
heater circuit. There is, however, in the rectifier 
an efficient reduction of the heater power, Since 
the current is kept to a required value without 
the power Waste associated with a voltage drop 
ping resistor of the same current limiting capac 
ity. There is in reality a voltage drop and a 
resulting power waste across the rectifier 74 but 
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it is so small that it may essentially be neglected 
in the following discussion. 
As explained in the foregoing discussions, the 

continuous operation of the heaters at a reduced 
voltage provides improved operation of the re 
ceiver circuit. Not only is the heater and cathode 
temperature strain minimized by Such operation, 
but also the change in tuning characteristics of 
the receiver, due to thermal expansion of the tun 
ing elements upon the change of the heater tem 
perature. 
When normal operation is required, the Off-On 

switch 5 may be closed. At this time the first 
power supply filter capacitor 60 is connected in 
shunt with the series filaments. This capacitor 
60 should have a large capacity rating for pro 
viding proper filtering and storage action. The 
voltage across the filaments, because of the Stor 
age action of the filter capacitor, will then tend 
to approximately equal the peak line voltage. 
The peak voltage in case of a 110 volt power line 
is about 156 volts. There is, of course, a Small 
voltage drop across the rectifier 4 and there is 
a power supply load circuit tending to discharge 
the capaciter 60, but the resulting Voltage acrOSS 
the heaters Will be enough to very nearly Supply 
their rated full operating current. The Series 
heater string therefore may have a total voltage 
rating higher than the normal rated line voltage, 
such as that of 119.3 in the presently described 
enbodinent. 
In addition, when the set is turned on, there 

is available at the power amplifier high voltage 
terminal 54 the normal D.-C. plate voltage avail 
able in this type of power supply circuit. With 
the present circuit, therefore, stand by operation 
is provided without the provision of any addi 
tional parts, since the rectifier 74 is necessary to 
normally provide the D.-C. high voltage supply. 

40. A rectifier of more current carrying capacity, 
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however, is required in order to additionally sup 
ply the rated heater current. 

En the presently described receiver, the rated 
voltage requirement of the Series heater String is 
only slightly greater than that of the line voltage. 
However, should only three or four tubes be used 
in a receiver, an additional heater ballast or volt 
age dropping means may be required. Such 
means is shown in Figure 3, wherein an alternate 
simplified power supply circuit is shown. 
The filament circuit consists of three heaters 

80 connected in Series with a heater current lim 
iting dry disc rectifier 82. In this manner the 
rectifier 82 provides a simple and efficient means 
of obtaining a rated heater current from a power 
line having voltage of a value higher than that 
of the rated voltage of the heater string. In this 
embodiment, the heater string is continuously 
connected across the line and the rectifier 82 is 
used to provide essentially half the normal effec 
tive current. The three shown heaters 80 then 
should have a total rated voltage of approxi 
mately half the power line voltage, minus any 
voltage drop across the rectifier. Any appropri 
ate number of heaters may be connected in cir 
cuit with the rectifier as long as the current 
requirements are the same and the total voltage 
rating is correct. The three heaters 80, shown 
for purposes of illustration, may have rated 
heater voltage of 35, 12.6 and 12.6 if the power 
line supplies 120 volts. The heater series voltage 
requirement of 60.2 volts will then be very near 
the effective voltage across the heaters if the 
small voltage drop across the rectifier 82 is neg 
lected. 
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It is important in this embodiment to connect 
the plate supply rectifier 74 between the junction 
of the power line and the filament string 83 and 
the capacitor 66. Otherwise the heater current 
limiting rectifier 32 would not be effective in re 
ducing the current tending to flow through the 
heaters fronin the charged capacitor 60 When the 
line switch 5 is closed. This current would be 
of such a large value that the heaters would SOOn 
open. In addition, both the plate Supply rectifier 
76 and the heater current limiting rectifier 82 
must be in the same sense. Otherwise the heater 
current limiting rectifier 82 would not block the 
direct current across the filter capacitor 60 from 
flowing through the heaters. This would result 
in effectively causing the peak line voltage to be 
applied directly to the heaters, rather than half 
the rated line Voltage, which of course WOuld 
overrate the heaters causing them to open. 
As heretofore explained, there are many ad 

vantages in using a direct current Supply for the 
heaters. By this means, the leakage current 
from the heater 28A to the Cathode 32A in the 
ratio detector will not cause a hum at the alter 
nating current power line frequency. Also, 
there will be no tendency for power line fre 
quency modulation in the OScillator or any of the 
other lower level receiver stages. 
There is therefore provided in accordance with 

the invention a simplified and efficient power 
supply for transformerless receivers, which pro 
vides standby operation of the heaters at reduced 
Voltage Without the addition of any new circuit 
elements. The present power supply circuit in 
addition Supplies a direct current for operation 
of the heate Stl’ing. 

Although in this specific embodiment, fila 
mentary heaters of cathode type tubes have been 
described for purposes of illustration, it is to be 
recognized that any other type of thermal cath 
Ode heaters or filaments might be used in a 
Sinilar Islanner. 
fier inay be any one of the dry disc or blocking 
layer types known to those skilled in the art, such 
as Selenium or copper oxide. 
Although there is hereinbefore described par 

ticular embodiments of the invention, it is to be 
understood that the invention is not necessarily 
linited to the particular adaptations set forth 
and that modifications may be made which will 
not depart from the spirit and scope of the in 
vention. Novel features which are clearly indi 
cated in the foregoing full description of the 
Inature, construction and operation of the inven 
tion are contained in the appended claims. 
What is claimed is: 
i. A radio circuit for providing hum-free oper 

ation comprising in combination, a pair of power 
line terminals for connection to power supply 
lines, a plurality of electronic hot-cathode type 
tubes having heaters connected in series, a rec 
tifier connected in series with said heaters, said 
rectifier and heaters being connected to said ter 
minals, and heater current control means for 
Selectively changing voltage applied across said 
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heaters through said rectifier from said power 
lines, said control means comprising a Series 
combination of a, sWitch and a capacitO1' con 
nected in shunt with said heaters. 

2. In an electronic tube signal conveying SyS 
tem, a plurality of thermionic tube cathode 
heater elements connected in Series, a rectifier 
element, a pair of power line terminals, a circuit 
connecting said heater elements and said recti 
fier element in series to said terminals whereby 
direct current may be supplied to said heater ele 
ments by said rectifier, switch means and a ca 
pacitor connected in series, said switch means 
and Said capacitor being connected across said 
heaters So that, upon Said power line terminals 
being Connected to an alternating current power 
line source and said switch means being closed, 
Substantially peak power line voltage will be 
applied to Said heater elements, and means for 
connecting an external direct current power 
Supply lead to the junction of said capacitor and 
Said Switch means. 

3. A power Supply System for providing a low 
ered voltage to electronic tube heaters in standby 
Operation comprising a plurality of series con 
nected electronic tube heater elements, a dry 
disc rectifier connected with a heating current 
Supply circuit in series with said elements, means 
for connecting Said Supply circuit to a source of 
Operating current, and a series combination of a 
Switch and a capacitor connected in shunt with 
Said heater elements. 

4. A standby heater Supply system for trans 
formerless radio systems comprising in combina 
tion, tubes having serially connected thermionic 
heaters, rectifier means, serially connected with 
Said heaters, means connecting the series com 
bination of Said heaters and said rectifier means 
to a current Supply circuit for supplying current 
below the normal rated current directly to said 
heaters, and heater current control means shunt 
ing Said Serially connected heaters and including 
a single-pole single-throw switch for increasing 
the current to said heaters to normal rated value. 

5. In an electronic tube system, a series string 
of tube heaters, a rectifier in series with said 
heaters, means connecting said rectifiers and 
heaters for current supply from a common 
Source, and heater current control means com 
prising a capacitor and a switch connected in 
Series and shunting said heaters for selectively 
increasing the voltage across said heaters. 
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