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HOW TO USE

We have had a few inquiries from
servicemen who wish to use one or
more of the voltage regulator tubes,
as for example, to keep an oscillator
stable. Those who design their own
vacuum tube voltmeters and olher
test equipment can always get a
little more stable performance by
incorporating a voltage regulator
tube to control the critical voltages.

This article will attempt to ex-
slain the proper design procedure

or those who are nol familiar with
this device.

Voltage regulator tubes, some-
times called glow regulator tubes,
consist of two elements one of which
has a large area, enclosed in a bulls
containing n gas such as argon or
neon under low pressure. The kind
of gas and the pressure ure almost
entirely nsible for the voltage
characteristies as the element spac-
ings affect the operation only slight-
Iy, The current rating is limited by
the arca of the large clectrode
(cathode) and hy the bulb size. It
15 charneleristie of such a construc-
tion that after sufficient voltage has
been applied to ionize the gas it is
imrmﬂ:hiu ta gmutg increase the
voltage drop across the tube even at
eurrents much above the maximum
rated value.

FUNDAMENTAL CIRCUIT

Figure 1 shows the fundpmental
cireuit for use with one voltage
regulator bube.

Tahble 1 lists the characteristios of
all the VR tubes available on the
market at present whether SYL-
VANIA monufacture or not and the
tube selection will be based on
the output voltage and current
required.  Any tube selected may
be used similarly by taking the
proper figures from the table.

A SIMPLE EXAMPLE

Example: Suppose you wish to
use & G0Z6G or similar rectifier to
supply 20 ma to an oscillator at
constant voltage of 90 volts; the
procedure is as follows:

(1) From the table of available
regulator types seleet the tube

VOLTAGE REGULATOR TUBES

FIGURE 1

meeting the voltage output require-
ment—in this ense we will take the
OB3/VIS0.

(2) Check the current rating.
Since the desired load will be 20 ma
an equal amount could be taken by
the regulator tube and adequate
control would be provided for line
valtage changes of 10 to 159, or
load chunges of almost 1009, More
difficult eases where the load eurrent
is high with respect to the regulator
tube current will be discussed Inter.

(3) From the load eurve given
for type 2526 on page 168 of the
“Sylvania Manual” we ean find the
voltages which will be avuilable at
20 ma load before the regulator tube
lights and at 40 ma normal center
of operation. The 8 mfd curve
looks promising so from it we read
and note E in (20 ma) = 140,
E in (40 ma) = 116 Volts.

(4) Find the value of 11 at
normal operating centre with 20 ma
through load and 20 ma through
regulator,

Drop aeross [8=116—90=20 volts
Current through B = 40 ma.

RESISTANCE COUPLING DATA

The inside pages of this issue are
devoted to & reproduction of the
charis we have had prepared to show
the correct resistor values for use with
Types TA4 and TB4. Where more
than one circuit is recommended
values are given for each method.
‘We sugpest that you file these in your
deta boolk for e reference as this
will be useful when you rebuild
that amplifier.

The use of these charts is not
restricted to the Lock-In es on
which the dlud:amwn&} él;lyp;
7A4 corresponds to g 6]J5GT an
Tyr TB4 corresponds to Type 6ESGT
and 65F5. Corresponding double
triodes are 657GT and 128N7GT.

: 24
Hesistance = 510 = (50 ohms

(5) Use this value of R to see if
the value of Eo when the regulator
tube is out will be sufficient to start
the discharge.

Eo=Ein (20ma) — 1 X R

= [140'— (.020 X 650)
= 127

This is ok since the starting
voltage listed is 125 volts max.
therefore the values selected will
give good regulation and stable
operating conditions.

TUBES IN SERIES

Perhaps the voltage required at
the load is not the simple output
voltage of one tube however. In
that ense see if you can get two or
more regulator tubes having the sum
of their operating voltages close to
the desired voltage. This would be
worked exactly the same as the
simple ease given before using the
sum of the regulated voltages as Eo;
the eurrent through the tubes enn
be taken ns midway between the
upper and lower limits of the tubes
selected.  Slarting voltage however
does not have to be the sum of all
the starting voltages, just EIIDUE]:
more to start one tube will
sufficient.  The reason for this is
that an absolutely even distribution
of voltage is unlikely—one always
will fire first which leaves enough
starting voltage available to start
the next one and so on.  If desired
this condition can be obtained by
shunting each regulator tube by a
1/10 to ]iﬂu mqlg resistor—no two
resistors being the same. Lealr.qe
resistance across the sockets s
erratic enough thal this is probably
UNTIECESSATY.

ANOTHER EXAMPLE

Let’s take o more difficult case.
Suppose you are having trouble
with a large amplifier in a location
where the line voltage varies from
00 to 120 volts and wish to stabilize
operation. Lel us assume a total

drain of 200 ma at 360 volts and see
{Continued on page 4)
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what we can do about getting stable
operation. If the transformer has
450 volts each side of centre for
normal line vollage (117) it will
deliver only 345 volts where the line
voltage drops to 90 so from the
output eurve for the 573 we find
that at the minimum econdition
there will only be 320 valts available
at 200 ma. Since we don't wish Lo
change the transformer we decide
that this will give enough output.
Three type OC3/VR105 adding up
to 815 volts will probably be close
enough.

< reee -
LOAD
En 218 vOLTS
=4 = 200Ma
MFD
TYPE OC3

-

FIGURE 2

Since the line voltage has been
stated as varying from 90 to 120
volts we will set up our equations
for the centre value, 105 volts, and
check later to see if it is correct for
the extreme conditions.

E per plate =%X4ﬁﬂ =405 volts

From 573 curve:

E in = 890 volts at 220 ma load
(200 for amplifier, 20 for the OC3)
Dro in R = 890 — 815 = 75 volts

5
R =T—"=34ﬂuhms

£ 1220 i
ONote: this includes the D.C. re-
Ssaistance of the choke.

fast

At the high line condition:

gE per plate=E}{ 450 =462 volts
=

117
From the 523 curves E in = 455

wyolts @ 240 ma lond. Assume 40 ma
Zfor the regulators, if it doesn’t check
zwe will have to change it.
wDropin R = 456 — 815 = 140 volts
ZBut since I has been set at 840 ohms
vand the eurrent will be 240 ma. the
“drop should also be 82 vaolts,

2 bSince these figures don’t check
Lwithin a few volts it shows that the
oeirenit will not work as planned.
“We will have to make some new
“assumptions, change the circuit or
=decide we didn’t need to cover such
ea large range of line voltage anyway.
“Before giving up, however, we could
Geheck the low line voltage condition
ito see if perhaps a slight shifting of
éa:he VR tube current would allow a
O

VOLTAGE REGULATOR TUBES

[(Continued)
TABLE 1
Regulating Mazimum Minimum h%?:"rﬁ:':;l Regulation
Type Voltage Current Current Voltage Yolts
DA VRIS 75 40 5 100 5 Munx.
OB/ VR 90 o 10 125 6 Max.
OALGE 70 15 5 a0 Mot rated
LS/ YRI05 105 40 5 127 4 Max.
ORI VRIS 150 A L] 1ED 5.5 Mnx
874 a0 50 10 130 7 Max
OAZ L50 k] 5 185 2 Max.
OBz 108 An 5 133 2 Max.

* Searter anode tled to anode through 10,000 to 100,000 ohm resfator.

reasonable working range to be
obtained. In this case it is so far off
that it doesn't seem worth trying.

TUBES IN PARALLEL

Another string of three VIR105’s
placed in parallel so that 80 ma.
instead of 40 can be absorbed would
seem to be the obvious answer but
this unfortunately will not work.
The reason is that in a parallel
combination the voltage rises until
one tube is ionized. This one
prevents the voltage from rising
high enough Lo fire any other in
parallel with it.

: ﬂiﬁ TO BLE FLf._T.Es
§ "
E | A -
T T LOAD
TYPE 270 VOLTS
B3 15 MA
FIGURE 3

There are various tricks that can
be used in cases like the above where
the straight-forward solution does
not give a workable answer., The
best way is to divide up the load
into smaller units regulating each
one separately with the required
tubes. In this ecase it might give
adequate control if the plates of the
output tubes were left unregulated
and the screens and earlier stages
regulated at their desired values, say
270 volts. Three type OB3/VRO0
would do this very nicely so let's
draw up a eircuit, go through the
caleulations and see what comes out.

At 105 volts, 225 ma. total drain
(25 ma. for the regulators).

3

E per |:-iate=%><-[-5[l=4ﬂ5 volts
Ein = 392 volts
Assume choke resistance = 50 ohms
Then drop in choke = 11 volts
Drop in

R=302—11—-270=111 volts

111

At 120 volts, 240 ma. total drain.
(Since the screen voltage is held
constant the plate current will be
practically the same, even if the plate
voltage goes to 450 volts.)

E per plate= l%ﬂxq,m] =442 volts

117
Ein = 440 volts

Drop in

choke = 50 X .240 = 12 volts
Dropin R = 440 — 12 — 270 = 158
also drop = 55 X 2750 = 151 volts,
which is close enough.

We can check the 90 volt condi-
tion also as follows:

a0 et
ﬁ?x 450 =547 volts

Ein = 335 (Current will be 200 ma.
to amplifier, 10 ma. to regulator.)
Drop in choke = 10 volts

Dropin R = 835 — 10 — 270 = 55 volta
also drop = 2750 = 25 = 00 wvolts

This is close enough to be a good check
and shows that very satisfactory operalion
over this wide voltage range could be
obtained in this manner.

We still have to see if there will be
voltage available to start the regulator
tubeg under low voltage conditions.
Imagine the VIR tubes removed under
00 wvolt line conditions, then:

Total Drain = 200 mu.

Ein = 845 volts

Drop in choke = 200 » 060 = 10 volts
Drop in resistor = 2750 X .015 = 41
Voltage at regulator tubes

= 385 — 10 — 41 = 284 valts
Voltage required

= 00 4 00 - 125 = 305 volts

This doesn't look as though the tubes
would start but actually they would work
alright because the rectilier being a
filament type would deliver power before
the BLGG's were ready to take it. This
could cause trouble, lowever, il the
voltage went below $0 voltg momentarily
putting the regulators out, which Lhen
would not start until the valtage had risen
to about 100 volts, If the possibility of
this 18 serious some correction could be
obtained by connecting R ahead of the big
choke using a separate choke if necessary
to reduce hum.

We hope the sbove explanation of the
procedure employed in using regulator
tubes will be clear enough that any
serviceman who wishes to 50 so will be
able to use them successfully. The
caleulations for the examples are shown
in detail 80 as to be ensy to follow.

E per plate=
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Plate and Screen Dissipation Ratings
Their Relation to Tube Performance and Life

Editor's Note: Numerous uests have been re-
celvod for Informatlon concerning dissipation NH?‘-
It In hoy that this article will provide holpful
Infarmation on thissebject and that it will encourage
attention to and reapect for publlshed tube ratings,

Vacuum tube ratings provide an
accurate guide to assist the engineer or
servieeman in securing efficient tube
performance. The use of this informa-
tion, coupled with careful attention to
cireuit considerations and proper in-
stallations will generally pay dividends
in acceptable  operating  efficiency.
Among the important factors included n
tube data are the ratings of maximum
late and maximum screen dissipations.

he discussion which follows deals pri-
marily with dissipation considerations.

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

A-C or D-C Power Line: The maxi-
mum ratings of plate and screen
voltages and dissipations given on the
tube type data sheets are Design
Maximums. For equipment designed
for use in the United States on nomi-
nal power-line services of 105 to 125
volts, satisfactory performanee and
serviceability may be anticipated,
provided the equipment is designed so
as not to exceed these Design Maxi-
mums at a line voltage of 117 volts.

Storage Batteries: Automohile bat-
tery operated equipment should hbe
designed so that when the battery
valtage is 6.8 volts, the plate voltage,
the plate dissipation, the sereen volt-
age, the screen dissipation, and the
rectifier load current will not exceed
90%, of the respective recommended
Design Maximum values given in the
data for each tube type.

“B" Batteries: Equipment operated
from “B"" batteries should be designed
s0 that under no condition of battery
voltage will the plate voltage, the
plate dissipation, the screen voltage,
and the sereen dissipation ever exceed
the recommended respective maximuin
values shown in the data for each
type by more than 109,

In general, electrode dissipation 1s the
power dissipated in the form of heat by
an eclectrode as a result of electron
and /or ion bombardment. FEach tube
lype must have maximum ratings
assigned, these being dependent upon
the tube design, its component parts and
the kind of serviece it is to perform. Ex-
perience has shown that when maximum
ratings are exceeded, particularly for an
nppracinhl_e time, the performance capa-
bilities may be impaired and the tube
life shortened.

PLATE CHARACTERISTICS

|
:
H

H R

'-;__1'.11. iR 5.

FLATE CURRENT (M MILLIAWPERES

The total power dissipated by the tube
consists of plate and grid losses plus the
power used in heating the cathode. All
of this heat must be carried away from
the tube, principally through the enve-
lope of the tube. A major proportion of
the energy which is dissipated in tubes
having glass bulbs is produced at the
plate of the tube. Consequently, the
plate has to be capable of radiating all
the heat generated at its surface, and
also the heat radiated to the plate by the
cathode and other elements, without
damage or adverse results. Any exces-
sive heat, above that stipulated by the
maximum dissipation ratings, can pro-
duce very detrimental effects. These
will be covered in more detail later.

Triode Class A Power Amplifiers

As a first example, consider a triode
power amplifier such as a Type 6AS,
operated resistance-coupled, under the
rated Class A conditions. The accom-
panying. plate characteristic indicates
that with 250 volts applied to the plate,
-45 volts grid bias and the recommended
load of 2500 chms, the rated plate cur-
rent is 60 ma., This requires a plate
supply voltage of 400 volts for with 60
ma. flowing through the load resistor of
2500 ohms there will be a voltage drop
across Ry, of 0.06 ma. x 2500 chms or 150
volts, and hence an appliecd voltage of
250 volts. The d-e power dissipated in
the load resistar will be I* Ry, or (Eg -Ej )1
watts. Using the latter expression this
gives 150 volts x 0,08 ampere or & watts,
and this power is represented on the
diagram by the rectangle at the right.
The plate dissipation of the tube will be
Epl or 250 vn'its x 0.06 ampere which
eruals 15 watts. This is represented by

the rectangle at the left as designated.
These values only apply when no input
signal is applied to the grid.
hen an alternating voltage is im-
pressed on the grid, the voltage at the
late of the tube will also Huctuate since
it will differ from the supply voltage by
the drop in the load impedance. With
the signal on the positive half cycle, the
late current will increase, this causing a
arger drop in Ry so that the plate poten-
tial will be less than its walue at the
operating point. On the negative half
cyele the instantaneous grid voltage will
be more negative than -45 wvolts, the
instantaneous plate current will be less
than the average value and the drop in
R will be reduced. Cansequently the
instantaneous plate voltage is higher
during the negative half cyele.

With an impressed input signal whose
peak voltage equals the bias voltage, the
a-c power developed in the load is rated
at 3.2 watts. This a-c power is dissi-
pated in Ry in addition to the d-c power
dissipation of 9 watts mentioned above.
The plate dissipation is therefore re-
duced by the amount of the power out-
put, This deerease in plate dissipation
under dynamic operating conditions is a
characteristic of all class A amplifiers.
Henece, Class A power amplifiers should
be so designed that the dissipation under
static conditions will not be exceeded,

The BMA ratings for Type GAS
specify a maximum plate voltage of 325
volts and a maximum plate dissipation
of 15 watts. Since a plate current of 60
ma. is obtained when 250 volts are
applied to the plate with a grid bias of
-45 volts, it is apparent that if a higher
plate voltage is employed, the maximum

{Continued on page 4, ocolumn 1)
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THEIR RELATION TO TUBE PERFORMANCE AND LIFE

{Continoed from page 2)
plute dissipation will be exeeeded unless

| more bias is provided to reduce the plate

current to a safe value. In general, the
allowable plate dissipation will determine

{ the maximum operating plate current
| for & given plate voltage. For some tube

types the allowable dissipation may be
high énough so that the operating point
and load resistance may be based upon
considerations of distortion, flow of grid
current and desired power output.

Pentodes And Beam Tubes

With pentodes and beam tubes addi-
tional factors must be taken into con-
sideration. The total B-supply input
power will he the power in the plate
eircuit plus the power dissipated in the
sereen cirenit,  With an input signal
whose peak voltage equals the bias, the
power delivered to the plate circuit is the
product of the maximum signal plite
current  and the eorresponding plate
voltage. The heat dissipated by the
plate will be the power supplied to the
plate circuit lgss the power delivered to
the load.

Sereen  dissipation  increases  quite
rupidly with applied signal voltage and
‘may be several Limes greater at Lhe maxi-
mum signal econdition than when the
signnl is zero.  The inerease in d-¢ screen
eurrent with signal oecurs beeause of Lhe
influencing effect of plate potential on
sereen current and is particularly notice-

VOLTAGE REGULATOR TUBES

ahle when a high value of load resistance
is employed. This eondition should be
avoided, not only to maintain the sercen
dissipation within limits but also to keep
the distortion at an acceptable value.

Typical Example
As a second illusteation of zero-output
and rated-output sereen and plate con-
ditions we wﬂl survey the ratings for
Type TCS5, or the octal-based equivalent
Type 6VOGT/G, when employed as a

single-ended Class A amplifier. Maxi-
mum ratings are:

Plute Voltage. . . - : A5 Valte
Sereen Vaoltage. . 250 Volis
PMate Dissipntion. .. 12 Watts
Screen Dissipation. . . . - 1 Waits

Recommended  operating  conditions
are:

Heater Voltage . ke {1 | h.3 Vol
Plate Violiage; . . 250 115 Vol
Screen Voliage 250 228  Vaolis
Crid Violiage. . . ~12.5 13 Vaolis
Prak Input Signal., 125 I Valts
Plate Current (Zero Ssgnall. 13 A M
Plate Current { Max. Signnol)., 'H 35 Ma
Soreen Curment (Zero Signal) 4.5 2.7 Ma
Sereen Current (Alax, Signal), 7.0 w0 Ma,
Laoad Resistunie 000 EODOD A Wone
FPower O 48 3.5 Watrs
Tiotal Disiortion B 12 Per Cend

For the 250 volt condition the dissi-
pation values computed from the above
figures sliow:

Zoro eoatpait plute dlssipntlon bs 250340, 048 = 11,38 Wiie
Zorooutput sereen disskis oo is 250500 D045 = |, |25 Watls

Full eutpul plale clssipation is
(2500 04T) =4 8T 15 Walls

Full autput sereen sissipntion ja 2500 007 =1 .75 Waits

Sylvania Tubes 0B3/VR90 and oD3/VRi50

(Continued from page 1)

146 to 160 volts. For either type of
tube the operating voltage will be less
than that required for breakdown,

Regulation Characteristic

The operating voltages are also de-
pendent  upon  the current passing
through the tube, generally being several
volts higher at high current drains than
at low values of current.  This difference
in operating voltage on any Erﬁcultr
tube 15 a measure of the regulation for
that tube. For Type O0B3/VRS0 Lhe
maximum regulation is 6 volls over the
1:-Fﬂratinﬂ range of 10 w 30 ma, For
Type 0D3,/VR150 the maximum regula-
tion 18 7.5 volts over the operating cur-
renil range of 5 to 40 ma. On an ideal
tube the regulation would have a zero
slope and for such a ease the operating
voltage would be constant over the
operating current range. This eondition
is rarely obtained in actual practice
The regulation tends Lo improve during
the life of a tube.

Possible Tube-To-Tube Differences

One very important factor which
should be noted i3 that individual tubes
may not deliver identical voltages to the

lond. For example, if a grven 083/ VR0
tube is checked and found to deliver
88 volis to the load and thizs tube ix
replaced with another 0BS/VRO0 Lhis
lu};nﬁ might deliver 82 volts or some other
voltage to the load. Nevertheless, the
voltage should always be within the
specified limits for operating voltage
which waould be 80 to 100 volts for the
0B3/Y 190, and the regulation 6 volls
or less: while for the 0D3/VR150 the
voltage will be between 145 volts and
160 volts and the regulation would be
7.5 valts or less.

Series Operation

Two or more regulator tubes of the
same Lype may be connecled in series
to obtam higher voltages which are
multiples of the drop for a single tube.
Voltage taps may be taken from the
junction points of the regulator tubes as
mdicated in the circuil diagram. A
Type 0B3/VRO0 and an 0D3/VI150
cannot be used in series principally
heenuse of the difference in mek«ﬂ:-wu
voltage required and because of the
differences which exist in the operating
ranges for the two regulator tubes.

We see, therefore, that as the output
oes from zero Lo 4.5 watts the plate
dissipation drops from 11.25 watts to
7.23 watls while the sereen dissipation
increases 0.625 watt,

Similar computations could be made
for the 315 volt condition. It is to be
noted that the recommended operating
conditions have been designated so as
not to exeeed the maximum dissipation
ratings. Ome should bear in mind that
published ratings represent  average
tubes and that any particulsr tube when
measured may differ to some extent from
these figures for plate and sereen values,
power outpul and distortion.

Special Precautions

It has been pointed out that because
of the reduction of minimum plate volt-
age which occurs with increase in load,
the average and maximum wvalues of
sereen current increase with load resis-
tance.  Hence, permissible sereen dissi-
sation limits the maximum load that can
Lc employed.  This justifies the pre-
caution that the load should never be
removed from the output transformer
secondary of a pentode or beam tube
since  Lhe effective  load  impedance
will increase and the resulting excessive
sereen dissipation will damage the tube.

Removing the plate valtage, withoul
also removing the sereen voltage, gives
rise to abnormally high sereen currents
cven though rated screen voltage and
rated bins are normal.  This means ex-
cessive sereen dissipation will be encotm-
tered and the tube soon rumed if opera-
tinn eomtinues.

Drissipations higher than the specified
maximum  values generally result in
detrimental effects such as secondary
emission, high gas currents, warpage of
tube elements and setunl tube limt rie-
AT

A recent issue of Sylvama News (Vol.
 No, 10 June 1942) carried an article
entitled “Tracking Down Grid Emis-
sion’ in which appearcd] the precaution
that excessive heat is the factor that
must be avoided 1o prevent grid emis-
sion troubles, 1t s suggested thal you
review Lhat article sinee it contains
valuable information which is closely
related to the present subjest.

Old Tubes for New

A rule reguiring owners of radio
sets Lo turm in their old tubes when
they buy new ones is being worked
out by the WPB and will probably
go into effect soon.. The tube turn-
in regulation i intended Lo cantrol
the number of lubes distributed.
It also will permit the salvaging of
tube bases whicl, in some cases,
can be refabricated. Watch our
next issue for more information.
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TRACKING DOWN GRID EMISSION

CAUSES AND CURES FOR TROUBLE-MAKING "BUG"

Among the many “bugs" that find their
1y into a radio eircuit, there is one that
& ecaused untold griefl and confusion to
e serviceman. Its common name is

RID EMISSION,

Although it starts life as o tiny electron,
svon grows to huge proportions. It is
usive in its ways, and much valuable
ne may be lost merely in determining
i presence.  After that, more time is
msumed in solving the serious problems
at it creates. No doubt, you are fam-
ar with some of the following com-
aints: blocking, loss of sensitivity, lack
selectivity, distortion, burned out plate
i sereen resistors, low emission rectifier
id power tubes, and hum.  These are
few af the problems of grid emission and
ey are generally reported to take place
ter the receiver has been in operation
ng enough Lo become overheated,

Perhaps you have tested tubes, conden-
rs and resistors, yet you found every-
ing to be normal.  Try though you may,
i have never located the cause of these
mnplaints, although you may have effect-
| a cure by the cut and try method. Of
wrse, you know that the eathode of a
dio tube is designed Lo emil electrons;
it this is not true of the grid. Grid
nission, a8 the name implies, means Lhal
e GRID gives off or emits electrons.
Then electrons flow there is also a flow
"current, (a5 can be seen if we place a
illiameter in series with the cathode)
1d current flowing through coils and high
slue resistors in the grid return eircuit,
ill produce a voltage drop detrimental to
eireuit performance.

Why do we have grid emission? Well,
uring the process of evacuation of a radio
the & small portion of the cathode emil-
ng material 15 sometimes unavoidably
sasiied on to the grid with the result
it should the grid become sufficiently
patel during operation, it will emit
eCtrEns.

Tocreduce this disturbing effect every
recaiition is taken in the design of
ylvinia radio tubes to keep the grid as
sol s possible.  Copper grid supports
re used because copper, being a good heat
sndiictor, carries the heat away from the
ritl. > Grid radiators are attached to the
rid ﬁ.l give o greater heal radiation area.
‘ollcidal graphite is sprayed on plates and
ulbé to inerease Lhe heat radiation to
e autside away from the grid,—all to
eep-the internal tube structure cool.

“% conclude, therefore, thal excessive
eatis the factor that must be avoided if
e u_g: to keep away from grid emission,

Mére recent tube types are of higher
wtial conductance than those of the
arlier days and in order to obtain this
icrégise in mutual, the spacing between
he “gid and cathode has been greatly
educed. As a result, the grid is close
nmgh to the cathode so that excessive

FlG, |

heater voltage, or cathode current will
heat the grid to the emission point.

Another recent factor aiding the evil of
grid emission is the trend toward the
zero-bias type of receiver aperation. In
this type of circuit the DC resistance in
the grid returns are generally very high.
This results in a higher disturbing-voltage
drop, and at the same lime fails to pro-
duce a negative bias voltage which would
he helpful in opposing the disturbing
voltage.

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

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

The grid of any one of the tubes, bei
overheated, will now give off electrons an
current will flow. To start with, this
current is very very small, being onl
about one microampere. However small
though it may be, it must return to
ground. Therefore, it flows through the
r-f cail, through the AV.C. resistor R,
on through the volume control to ground.
During its course to ground the current
hae to pass through the AV.C. resistor
R whose value is three megohms, and,
according to Ohms Law, current flowing
through a resistance must produce a volt-
age drop. As E=IR we then have a
voltage develo across R equal to 3
wolts, The polarity of this voltage drop
is the HARMFUL factor. Current flow-
ing from the diode to the Fd produces
a negative voltage at point X, but current
going from the grid to ground produces a
positive voltage, Therefore, at point X
we have +4-8 volts developed by the grid
current flow, minus the —1 volt of
caused by contact potential, leaving a

R ‘L
-
e o
vc. ! aupio

+2 volts, This means that at the grid
of each tube on the AV.C. string, there
are 2 volts of positive voltage!. You and
[ know that we cannot use positive voltage:
on control grids. 1t must be negative!

With positive voltage on the grid, the
plate current increases, causing more heat
within the tube, thus liberating more elec-
trons from the grid. This continues in a
vicious eircle until the positive voltage at
the grid becomes high enough to block the
tube. Plate and screen resistors may burn
out, rectifier tubes are overloaded, and
sensitivity falls off, due to the change of
characteristics brought about by grid
emission.

' B

FIG, 2

Fig. 2 represents a typical power out-
put stage. Here grid emission is more
troublesome, due to the greater amount of
heat generated within the power tube.
The grid current Aowing in R can become
sufficiently high to cause enough positive
voltage to cancel out the negative bias
thereby producing bad distortion. At the
same time the resultant heavy plate
current will in a short time liberate gases
from the over-heated elements. With the
Emiuti:ﬂ'n of the gas the caéhpde is bom-

arded by positive ions and its emission
is 1:Imi#.ruyeqf.mﬂ
(Continued on page 4)
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TRACKING DOWN
GRID EMISSION

(Cantinued from page 23

To prevent the possibility of such
dlestructive cffects, tube manunfacturers
issue specificutions as to the maxunum
permissable voltage ratings that may be
upplied to cach tube; also the values of
permissable: DC resistance in the grid-
cathode cireuit.  These values must be
adhered to ut all times for satisfactory
tube operation.

The effects of grid emission are Lo some
extenl minimized by the employment of
automalic or self-bias in which grid bias
isderived from o resistance in the eathode
ur filament return. An increase in plate
current tends to inerease the effective
negative biss applied to the grd, thus
opposing the cumulative effects of the
positive voltage caused by grid emission.

"I'he presence of grid emission is usually
inlicated by distortion, increase in hum,
and cxeessive plate eurrent. It is some-
times difficult to detect the presence of
cxeessive plate current unless the meter is
permanently in the cireuit during tests,
s the switching-off of the tube may allow
it to cool sufficiently to restore normal
epcrution. For this same reason grid em-
ission cannot be detected on tube check-
©rs.

lin performing tests to determine grid
emission the receiver should be thoroughly
heated, not by applying excessive line
volluge which might damage condensers
il other parts, but by placing a box over
the chassis so that ventilation is cut off.

A iwieroameter, having a 0-10 scale,
vouneeted in serics with the grid return
cireuil is the most practical method of
measurement.  However, this instrument
18 expensive and delicate and is not easily
obtamnahle.

A millinmeter, which we all have, per-
wanently connected in the plate ecircuit
will show a rise in current after the re-
ceiver is sufficiently heated if grid emission
is present.

Practical cures for this ailment may be
effected by a diode gate, a resistor in
series with the filament to slightly reduce
the filament voltage, proper ventilation,
automnatic bins. Above all, m sure
that the wvalues of voltages and grid
resistors* nre within the ratings of the
tubes.

W. R. JONES TAEKES OVER

During Lieutenant Merkle's absence
un duty, Walter B, Jones, Director of
the Sylvanin Commercial Engineering
Department, will act as Associate Tech-
nical Editor. As a frequent speaker at
service meetings, and as author of many
Sylvania News technical artieles, Mr,
Jones is equally well-known to service-
men. Under his direction the Technical
Section will continue to supply authentie,
up-to-date information to its readers.

conditions.

transactions.

complete address.

o e e

be published the following month.

SELL AND SWAP SERVICE

This service is offered without charge for the purpose of helping jobbers and servicemen

in the exchange of needed radio parts and equi

e rogerve the right to refuse any nde that do not serve this purpoge. Sylvania

News will not undertake to answer inquiries or assume responsibility for transactions.
RULES

Ads must not be over thirty-five words, exelusive of name and address.

Ade must deal with radio merchandise only.

. The advertiser agrees to answer all inquiries, and to be fair and honest in completing

Ads must be submitted on a separate sheet (preferably a business letter-head) with

. Address ads to Department 558, Sylvania News, Emporium, Pa.
Ads must be in by the agth of the month preceding issus.

ent that are hard to obtain due to war

Those received later will

Wanted—Data nnd prices on Neobenmo'scope
rts, tuhes, motors, mirrors for late models.

glluu.m wrile us if yvou have parts and data for
sale, stating condition of items—Mesmer Hadio
Serviee, 544 W. 4th St., Ottumwa, lowa.

- - Ll
Wanted—R. . A. Chanalyst, Rider Manuals,
“A" eliminator, modern test equipment and
tools— Metairic Radio Shop, 341 Metairie Hoad,
Wew Orleans, Lu. e
Wanted—=Short-wave factory built receiver, age
ar condition not important. Prefer communica-
tion type Hammarlund, National, Patterson,
Seott, or similor.  Also intercsted in test appar-
atug, hooks, manunls—Glenn Watt, Chanute.
Kanaas.

LA L]
Wanted—Used refrigeration muonuals and Rider
Manuals 4 to 12.—G.Reis, 353 E. Saratogi,
Ferndale, Mich.

Will Sell or Swap—18 inch . C, ventilating fan
with 1/y H. P'. motor, 85.00; Superior VI'VM
signal tracer, 820.00; check protector, BA.00.—
. Reis, 333 B, Saratoga, Ferndale, Mich.
- L] -

Swap or Sell—Portable CW-Phone 6 volt trans-
mitter, parmetal case, see photo page 371, 1938
hondbook, Hammarlund; National, 160 ecoil;
Thordarson T10-M-18: Bliley LD-2; Triplett.
Low Power ose. 6F0, PAGFS, SAGIT, GC5, 6F6
small genemotor, High power 6F6, 807, 6L6 or
BN7T, 250V, 100MA genemotor. Both genemotors
fully filtered, Other tubes may be used —Bob
Fubank, 1227 Windfor‘.in:.-., ichmond, Va:

Want—Test equipment, audio oseillator, VIVM,
gte.—Bob Eubank, 1227 Windsor Ave., Hich-
mond, Va.
- - L

Wanted—Good foctory built short wave or all
wave receiver, Stale model, condition snd best
cash price.—Oliver F. Klein, 2285 N, afth 5t
Milwankee, Wisc.

Sell or Swap—Hemington 10 Shot Automatic
.22 rifle, Model 24, and double barrel shotgun
hoth in excellent condition like new, Service
Manuals, ete—0liver F. Klein, 2235 N 20th 5t.,
Milwaukee, Wisc.

L

Swap—One new Triplett Model A Volt-fiun
Millinmeter set tester never nsed will trade for
late model tube tester, must be in pood shape.
This cost (and is new} §26.00. Have no' use for
it, was given as present—M. E. Kilpatrick &
Son, 93434-56 Penn. Ave. Indiana Harbor,
[ndinna.

Sell or Swap—0One 250 volt d. o, to 110 volt a. ¢
Rotary Converter, 200 walts outpul. One 088
Phileo Signal Generator, Philee 048 Set Tester.
One 250 volt d. e, Watthour Meter. All types
of parts, battery acts, cte. One 250 volt d. c.
soldering iron—Alvin Walker, R. F D, #£1,
Ashland, Ky.

&« = ®

For Sale—Will sell cheap, 00 watt Webster sound
system, complele with 4 speakers with baffles, 2
microphones, 2 speed turn table. Also 110 volt
# . power plant all in A-1 ahape,  Used very
little.~Adolph E. Johnsom, E\?nrren Radio
Service, Warren, Minn.

Wanted—VFactory buill television receiver, Pre-
fer large sereen. State lowest cash price.—Jacks
Flectric Radio Ser., 206 Wainwright St.. Newark,
M. Jersey,

@ & @

For Sale—MNew and usel receiving and trans-
mitting parts and equipment, What can you
use? gend stamp for lisl.—Herman Yellin, 551
New Lots Ave., Brooklyn, M. Y.

- - -

Wanted—Good pboto enlorger —Herman Yellin,
451 New Lots Ave, Brooklyn, N. Y.

- L -

Wanted—HRider's Manusls, | to 12, with index
and supplements; wll or parl. Stale lowest cash
Eric#.. ~Forest Park Radia Service 12g 5,
uelid Avenue, 5. Louis, Misaouri.
- - -

For Sale—Rider's Manuals, Mo, 1 {(old edition),
8, 4, 5, 8, 7, 8 with Index. One 180 Supreme
Signal Generator, one 985 combination tobe
checker and disgnometer. All in first class con-
dition,  What is offered?—Arthur B. Wenver,
T E. Muain 51, Morristown, Tenn,

-

Swap or Sell—Dependable 305 tobe and con-
denser tester.  Norge punel mounting 8 inch elee-
trie test clock calibrated 0-6G60 minutes.  Fine for
chiecking intermittent jobs snd enbances uny
test panel.—R. B Nichols, Nichols Radio &
Elec. Co.., Hamilton, Missouri.

L L] L]

Capgh—For Supreme 561 Signal Generator, LCH
biridge, resistance boxes, C-D condenser decide
hox CDB-3 or &, Genernl Nadio Experimenter
Aug. 1035 and Sept. 1036, Aerovox Research
Worker, Jan,, Feb., Mareh, 1028.—F T Lipani,
157 Leverett St., Boston, Mass:

For Sale—First 8 Vol. Hider’s Manuals, like
new. 8500 for 1-8 and §7.60 cach for 7-8. Hall
coash with order, balance aflter expmining—
Henry Benner, RFD #1, Cowiche. Wash,

-

Will Sell or Exchanpe—HRadio Course, Rider's
Mpnuals, Meissper Analyst, Multitester, Tube
Tester, U-B Signal Generotor, Ridio Books, eto
— Koy Radio Serviee, 810 Main 50, Niogars
Falls, N. ¥

For Sale—Headrite Model &40 tabe  tester,
Electrovoice (Airhine) Velocity mike, Jewel]
Model 198 Analyzer, Western Electrie telephone
handset, also desk stand Lorge rodio trons-
mitting tubes, various types; olse various (ypes
meters. Cagh only—make offer.—E, 1. Nuttall,
Box 215, Overton, Texas
- - L]

Swap or Sell--807 Hembler brondeast  station
condenser microphone with 2-gtage 804 preampli-
fier built into standard floor stand. Complele
with 25 feet heavy shielded cable. Use on batter-
ies or power supply of amplifier. Sell 815 or
trade. Muake offer.—Robh Eubank, 1227 Windsor
Ave.,, Richmond, Va.
- - -

For Sale—00 assorted speakers, 5 to 156 inch,
P-M unel Electro Dynamics. Moatly brand new.,
Send stnmp and state tyfle wanted. Prices will
be forwarded —Idea]l Radio Shop. 1713 Larrabee
St., Chicagoe, 111,
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TUBE DATA

(Continued from first page)

TYPE 14H7 (Continued)

Operating Conditions and Characteristics:
Class Ay Amplifler

Heater Voltage. . ......... 11,
MHeater Curfenit. .. ........ 0 158
Flate Volboge, ..o rvmenias o

Sereen Voltmge, . o000 o
Grid Vaoltage. . .. .. A =1
Suppressor and Int
d"lil'll],_,, e r =i,
Flare Carrent. .. .. 3
Sercen Current., ..... ...
Plate Reslstance. .. ..., ..
Mutunl Conductance .. 380
Grld Yaltage for Mutunl
Conductanes of 35
il (APPROE). ey oa =12

Sylvania
Type 14Y4
Full-Wave

Rectifier

S5-AR
Sylvania Type 14Y4 is a (ull-wave rectifier

of "Lock-In" construction. It is practically the
same a8 the Y4 except for heater ratings and
output current which is slightly higher for Type
144, The conventional full-wave circuit may
be used, while for half-wave service the two
plates may be tied together at the socket.

CHARACTERISTICS

Heater Voltege (Nominal) ACer DG 14.0 Volts
Heater Corrent (Nomioal. ..., ... 0 320 An:gﬂ'e
PHIIB  s in s B & pn b e AL b T9=13
Rowe—""Lock=In"" 8-Pln, ., ....,... E-AR
Mounting Posltlon, , ............ Any
RATINGS:
Heater "-'nllnﬂ_u Mol aal)
".';Um"DEJ.....N...{...I......... :gjg\'oth

enter Current (Nominnlh. ... ... 00 Ampers
AL Voltage Per Plate (RMS5)

Condenger Inpul. ... _.......... A25 Volts Max.
A-C Voltages Per Plate (RMS)

Choke Inpat. . ..oooeiiaioan. 450 Volts Max,
IPeak Inverse Yoltage. .. ... ... 1,250 Volts Max.
=03 Henter to Cathode Yoltage., .. 450 Volts Max.
Stendy-State Peak Plute Current

FobPLERe. .o e 210 Mup, Max.
13- Valvage Deep st M,

Per Phisde. ... ..., 22 Vols

Operating Conditions and Characteristics:
FULL-WAYE RECTIFIER
Condenser lnput to Fllter

Hemter Voltage, .. ooiivieeceiaaas 2.6 Volts
Henter Current. .. ..o, counoeraians 0.3 Ampere
A-L: Plnte Yoltoge per Flate (RMS) 325 Volts
D302 Output Carrent, .. oveeians 70 Mu. Max.

I’!:Il..tu- Supply Impednnce por

Tated. ... . e 150 Ohims Min,
Choke Input to Fillter
Heater Voltage. .. ..o.coonvivuaen. 126 Valts
H PPN, e B3 Ampore
A-C Plare Voltage Per Plate (RMS) 450 Vol
=0 Qutput GHerent, . ., .., eaoae 70 M. Mo,
Minlmum Yalue of Inpur Choke. , & Henrys

FWhen ilier condensers birger than 40 mfda. are uned, it
iy be necessary to ddd addivenal piate sapply impedance.

Discontinued Types

The last Technical Section gave information on
cight Sylvania tube types that had been discon-
tinued. Since then, tEnrtm:n additional regularly
listedl types have been withdawn., 1t may be
that some of these types are still available i’mm
your Sylvania Jobber, but only until his supply
is exhausted, The discontinued types are as

follows:
DOA...........0.....Special Detector
X iiaeriieenssaens Plugsln Resistor
3. iiavirieanesineas Plug-ln Resistor
[ oy s veveiren . Plug-In Resistor
Biiiiiiiinnniansas Plug-ln Resiator
"L AT LT O SR Battery Ballast
e B N B Plug-In Resistor
e el T Plug-In Resistor
D iiiiinenrieeeeis Plug-In Resistor

Voltage Amplificr
veisnanenies e Plug=ln Resistor

................ Plug-1n Resistor
T e e Detector-Amplifier

Clilefl Tube Engineer
Hygrade Sylvania Corporation

WITH ROGER WISE

The increased acceptance being won by “Lock-In"
tubes among set and equipment manufacturers is very
gratifving, coming as it does at a time when condi-
tions are unsettled and new trends are appearing. In
many cases a step-up in performance is obtained
when a “Lock-In" complement replaces other tyvpes.
A gain of this kind is particularly important at a
time when changes in materals entering into sct
design may be necessary due to current shortages.

While “Lock-In" tube quality is well seasoned
through several vears of production and field exper-
ience, they do represent the most madern and up-to-
date line of radio tubes available today.
novel features secured by the radical improvements
incorporated in them include those features stressed in
advertising copy—the single-end construction, short
lead length, elimination of soldered connections, in-
ternal shielding, locking lug, sturdy construction, etc.
The circuit conditions may be such that one of these
features will be helplul in securing improved perform-

The many

ance, or several may be of importance.

The high frequency performance of many of the “Lock-In" types is especially
good, and the standard design can also be modified to advantage in some cases by
comparatively simple changes which extend the operating range still higher. With the
trend toward the use of higher and higher frequencics being accelerated by defense
requirements, these design advantages become especially important.  Very interesting
results under severe vibration and shock have been secured, again due to “modern

design."

The slogan which designates the "Lock-In" tube as the tube which “has all the
answers' does not seem to be an exaggeration in view of the advantages secured in this

ultra-modern radio tube.

THE CAUSE AND CURE
OF FILAMENT FAILURES

FRANK D. LANGSTROTH, Comm. Eng. Dept. Sylvania Tube Division

“It's only an open filament! All you need is a
new tubel!'

How many times have you said that to a
cugtomer? rhape a great many, for it is true
that a large number of service calls are due to
apen filament tubes,

It was easy lor vou to slip.in a new tube and
let it goat thar; but, when you heard the tone of

our customer’s voice a short time later inform-
ing you that the very same thing had happened
all over again, were you embarrssed?—We
suppose Lhat depended on how much vou charged
the customer!

Had you realized that in the majority of
cases, open filaments do not "' JUST HAPPEN"
but are "CAUSED" you would not have merely
been satisfied with replacing a tube, but you
would have found the eause and cured it—for
certainly you value your reputation as a service-
man and the good will of your eustomers!

It is therefore the purpose of this article to
present a few of the lﬁamcnt problems encoun-
tered in radio servicing, hoping to make them
recognizable and to suggest simple cures which
will enable vou, the serviceman, to have a better
understanding of what have appeared to be com-
plications in the past.

Modern radio tubes are indeed very rupped
when one considers the exacting requirements
under which they must function i their various
applications. However, there are o few prablems
which must be given careful consideration if long
life and best results are 1o be assured.

One of these problems is the importance of
OPERATING AND MAINTAINING the fila-
ment voltage within the published ratings of the
tubes! "

This problem sounds very simple—so simple
in fact that we ignore it.  We take it for granted
that il a series of 1.4 volt tube hlaments total
six volts and we place six volts across it every-
thing is perfect; or if a 150 ma. series adds up to
the line voltage, why not put it directly across

the line? Well, why not? We will take this
problem first.

We will say that ane of your customers has an
ac=de receiver, with a Alament circuit like that
in Figure 1, in which he continues to find open
filament tubes—sometimes it is the 12507,
sometimes it is the 125K7. Your customer is
vexed over the whole sitwation, You have
tested the voltage aeross the various filaments
and they are within the published limits. The
total filaments in series adds to 121 velts and
vour line voltage is only 115 volts. Evervthing

ISTSGT SOLGGT 12SATGT 12SKTGT 125QTGT

r——J

FIGURE 1

115
WOLTS

looks good to you. Why in "Sam Hill" do they
“pop' out? Well, suppose we start taking
measuremonts on this set again and place a
voltmeter across the flament of one of the 12
volt tubes and turn the set on—Wow! For a
few seconds the filament voltage goes up to 26
volts and then gradually goes down to 12 volts
It is this initial surge voltage that causes the
filaments to open!  But why do we have this

condition

The flament cirewt of a tvpical ac-de receiver
is shown in Figure |. There are five tubes
having their flaments in series so that the total
voltage will equal the line voltage across which
the series string is connected.

{Continued on page 4)
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THE CAUSE AND CURE OF FILAMENT FAILURES

(Continued from page 2)

FRANK D. LANGSTROTH, Comm. Eng. Dept. Sylvania Tube Division

If we visualize each Alament as being a resistor,
we can better understand the functions of this
circuit. In other words, the filaments of the
first, second, third, and fourth tubes act as a
resistor to cut the voltage down to its. proper
value for the fifth tube, while the first, second,
third and fifth filament is the dropping resistor
for the fourth tube, and so on. e always
have four filaments acting as the ballast resistor
for the fifth as shown in Figure 2.

i i W

I
Q VOLSTS L)
FIGURE 2

According to Ohm's Law everything should
work fine with this circuit, and it would if it
were not for one condition. The resistance of the
filaments which we are using as dropping resistors
is variable—it varies with temperature.

When the filaments are first turned on the
resistance is low because the tubes are cold and
as they become hot, the resistances increases to a
steady value. A

This would not be a bad condition at all,
providing all the filaments reached their steady
value at the same time; but we have tubes of
various voltages in the series string, and the
higher voltage filaments have a greater mass Lo
heat, thus causing them to have a slower heating
time than the low voltage filaments. ;

The result is that we do not have sufficient
ballast for the low voltage tubes which have
alrendy reached their operating temperature.
This causes a higher voltage to appear across
their filaments until the resistance of the high
voltage filuments have reached their steady or
high value. The heating time of the high voltage
filaments is further reduced because the high
resistance of the now too hot low voltage fila-

first turned on, there will be a high current drain
through the resistor which will cause a large
voltage drop, thereby reducing the wvoltage
applied across the Alaments. hen the tubes
are hot the resistance of the filaments increases,
thus reducing the current through the resistor
and allowing more voltage for the series filaments.

The application of this protective resistor will
naturally drop the filament voltage a few volts,
but this ahnuﬁi in no wair affect the functioning
of the receiver, as the loss of voltage will be
distributed amongst the five ilaments.

The increasing Eopularity of the battery-
operated receiver has no doubt caused you
numerous headaches. :

We often find open filament tubes and continue
to wonder why, especially when some of these
tubes have been replaced two or three times.

In sets designed for both battery and ac-de
operation, it is usually necessary that the fila-
ments of the tubes be operated in series dl.lri.ng
operation from the power line. Series operation
is also frequently employed for battery operation
to simplily :awlt-'ir.i:l'ﬁlﬂngt.’e :

There appears to be nothing wrong with this
type of circuit. We see no reason why we cannot
series aperate tube filaments providing, of course,
their currents are the same. Here again, how-
ever, there exists a condition which was not
always taken into consideration in early receiver
designs of this kind. The fact that the tubes
have plate and screen voltages applied to them
was often ignored. The total "B" current
consumed by the tubes must return to “B"—
and the only way that it can take place is by
passing through the filament string, thus adding
additional current, which at times is sufficient to
cause the tube filaments to open.

In series connected filaments, therefore, the
difference between the filament current at each
end of the string must be the total “B" current,
most of which is contributed by the power output
tube which is placed at the positive end of the
string so that its bias may be obtained by return-
ing t%m grid to the negative end of the filament
string.

The way the "B current divides between the

=T
A_AA

rm.inta rcd%z:a the voltage applied to the higher
valtage tubes. ;3 e e TR " by
ltagcnn be seen, therefore, that something is Iy T* . Re=>Ip,

necessary to keep the line voltage reduced until

the tubes are warmed nf. This can be easil Ia A

done by inserting a small resistor in series wit IWjtja} =

the line voltage and the filament string. ; = I+ H

This protective resistor tends to function B-
automatically. As the resistance of the series
filament string is very low when the receiver is FIGURE 3
3
d g "‘5" 8o
20 E a2 ER E‘
- (=] .
BB § .8
i £ £ X
s =9 =
:an-' 8 & ﬁ - =
. V3
(=]
» ke

=2 E H AR
oSz E -!g!i!
- E o a EE--E
: = Y § (-
e o Fga54
ouE o =i=7f4
ti2 ;3352 E
«tg & E St
o2 'z 32658

“A-" and the "A—"" circuits depends upon the
resistance of these circuits.

For the circuit in Figure 3, this division of the

"B" current can be expressed as:
Percent Iy in A+ l:ircuit.=[|,1§1—_-:_t[?3
( Ra)

Percent T in A— circuit=1Iy,

Ri+Rs

It is apparent that in a-c operation where
“A+4" is connected through a large dropping
resistor, practically all of the current flows out
of the negative end of the filament string.

Therefore, during a-c operation it is desirable
to shunt the “B" current of the power tube
around the other tube filaments, especially if a
tube of high "'B" current is used.

OUTPUT TUBE

/\/\l
. £5

FIGURE 4

This may be done by a suitable resistor "R"
as shown in Figure 4. This shunting resistor
will equalize the current in the tube filaments for
both line and battery operation.

To provide complete protection, the last "A"
filter condenser should laced directly across
the shunting resistor. us the resistor also
serves as a "bleeder” upon the last flter con-
denser in the "A" flter circuit and prevents this
condenser from being subjected to excessive
voltage when a tube is removed from the set
while operating on a-c for, if the condenser is not
damaged, the charge accumulated is sometimes
sufficient to burn out several tubes when the
filament circuit is again established upon the
insertion of a tube. Although this connection
allows some a-c ripple to flow through the out-
put tube filament, the amplification is not high
enough to render it objectionable.

The filter condenser serves two purposes when
used in this position, one as the “A" filter and
the other to prevent modulation currents of the
output_tube from passing through the filament
strm¥ into the r-f tubes. This condenser must
be of high capacity, from 100 to 200 mfd. in
order to effectively Ly-pass the audio component
of the total plate, screen and filament current of
the output tube.

In receiver designs where the output tube is of
the double filament r.i;pe, extreme care should be
taken to sce that each 1.4 volt section carries an

ual share of the total cathode current. Gener-
ally the negative section receives the greatest
amount, ?ﬂi‘! will necessitate the use of a
resistor of approximately 250 ohms parallel with
the negative section or a suitable resistor may be
used between the filament center tap and —A to
secure equalization,

In order to provide more power output when
a-c operated, a separate output tube is sometimes
used whose cathode current is returned through
the remaining 1.4 volt tubes and thus provides
their filament current. Some of these sets subject
the 1.4 volt tubes to a severe surge of filament
current if the set is switched suddenly from a-c to
batter%: operation. This results from the fact
that the cathode of the a-c power output tube
remains hot long enough to provide additional
current from the "B" battery to flow through the
1.4 volt filaments which are now being supplied
from the "A" battery.

Although the 1.4 volt tubes will operate over a
wide range of filament voltages, care should
exercised to see that the filament circuits are
equalized in order to prevent excessive surges.
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