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Announcing a

New General Radio Service
for Experimenters

There are many phases of radio—
particularly concerning the develop-
ment of apparatus and its applica-
tion other than its more common
uses in broadcast reception—in
which there is considerable interest.

To supplement the technical in-
formation already contained in the
leading radio magazines, the Gen-
eral Radio “Experimenter” will be
issued every month to provide the
experimenter with reliable data and
helpful suggestions which may be
put to good use in the home labora-

Be Sure To Return the
Enclosed Postcard

“The Experimenter” will be pub-
lished each month for the purpose
of supplying unbiased information
pertaining to radio apparatus design
and application. We aim to treat
fairly and thoroughly subjects of
interest to experimenters. Only
through your co-operation in send-
ing us helpful suggestions and
requests for articles on topics you

July Issue of “The Experimenter’’ to Con-
tain Treatise on “B” Elimination
While complete battery elimina-
tion has not yet reached a stage
where it is generally satisfactory for
receivers employing various tube
combinations, great strides are be-
ing made in that direction and to-
day the "B” eliminator, because of
its unfailing plate voltage and relief
from the bother of continual battery
replacements, bids well to eclipse to
a large extent the use of ‘B batter-
ies

tory. It will also reveal some of the " X Although the successful operation
interesting information which ex- wish anslysed caniwe accomplish of a battery eliminator depends
tensive research in the General b fundamentally upon the rectifying

Radio laboratory has yielded.

The topic chosen for discussion in
this issue treats upon a subject in
which there is a wide interest, name-
ly—better quality of radio reproduc-
tion.

The improvement in quality has
come about principally thru the de-
sign of better tubes, audio amplify-
ing transformers, and loudspeakers;
the problem of particular interest to
the General Radio Company being
that of transformer design.

It will be remembered that in
1915 the first audio amplifying
transformer having a closed core
was introduced by the General Ra-
dio Company. At that time the
closed core was looked upon as a
radical departure from the open
core type which had been the stan-
dard practice. It was not long, how-
ever, before this type of transformer
was adopted by practically all radio
manufacturers.

Our permanent mailing list to
receive future copies of “The Exper-
imenter” will be made up from the
returned post cards. Assure your-
self of receiving all future copies by
mailing us your card today.

Improved quality of broadcasting,
reproducing instruments, and better
tubes made it quite desirable to im-
prove transformer design still fur-
ther and to meet new conditions the
General Radio Type 285 transform-
ers were developed.

In the article on transformer de-
sign contained in this issue C. T.
Burke, of the Engineering Depart-
ment, gives some very interesting
and instructive data based upon
numerous laboratory experiments in
amplification and measurements of
various types of transformers.

device, the use of well designed
rectifier transformers” and filter
chokes is imperative. -

Considerable research has been
conducted in the General Radio
laboratory upon this subject which
has yielded a store of interesting in-
formation which H. Lamson,
of the Engineering Department, will
discuss in his article on “B” battery
elimination in the July issue.

Future issues of the “Experiment-
er’ will contain articles on popular
engineering subjects and informa-
tion concerning the development
and processes of manufacture of
various instruments.

It is hoped that thru this medium
the experimenter may become more
familiar with the underlying princi-
ples of apparatus design and applica-
tion so that he may have a more
complete and accurate knowledge of
radio upon which to base his experi-
mental activities.
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Amplifier Ins and Outs

By C. T. BURKE, Engineering Department

“All that goes up must come
down,” is a familiar axiom. If we
could establish for radio a parallel
axiom, ~All that goes in must
come out,”’ the radio millennium
would be reached. Designers are
steadily approaching this goal, and
the progress of the last few years
has been enormous. During the last
year particularly has the swing been
toward getting out more of what
went in, rather than getting more
in. That is, the fad for ‘‘getting”
stations is passing. In its place is
arising a demand for natural repro-
duction. This is a problem of get-
ting out all that went in, for if some
notes are subdued or lost, in pass-
age through the set, the reproduced
music will not sound natural. This
newly critical attitude refuses to re-
gard radio as a marvel, to be accept-
ed in silent wonder in spite of any
shortcomings. The radio set is
forced to stand comparison with
other forms of entertainment on its
merits as a musical instrument. This
attitude is the compelling force be-
hind the recent great improvements
in audio amplifying and reproduc-
ing devices.

The problem of ‘‘quality,” by
which is meant the accurate and
faithful reproduction of the matter
sent into the air at the broadcasting
station, is three-fold, embracing
tubes, transformers, and loudspeak-
ers. As each phase of the subject
is worthy of individual considera-
tion, only the second, that of trans-
formers, will be considered here.
The other two should not be forgot-
ten, however, for the amplifier can-
not be much better than its poorest
element. Perfect transformers will
not compensate for improperly
biased, overloaded tubes or a
squawky loudspeaker.

As it is not possible to invite all
my readers into the laboratory to
hear the tests I am about to de-
scribe, it is necessary to devise a
means of putting the result on pa-
per, so that they can use their eyes
to judge instead of their ears. The
means of doing this is to reproduce
the ‘“amplification curve.” The
data for this curve is obtained by
measuring the amplification at a
number of frequencies. A curve is
plotted of amplification against fre-
quency, and as the principal source
of transformer distortion is unequal
amplification of different frequen-
cies, a study of this curve shows

even more definitely than the ear
could, just what is the relative rating
of two amplifiers. It is not neces-
sary to have the curve a straight hor-
izontal line, which would indicate
the perfect amplifier. A variation
of twenty-five per cent would not
be perceptive to the average ear.
The frequencies above five thousand
may be lost without serious loss of
quality. The curve should remain
high for frequencies at least as low
as one hundred cycles. Probably
the most interesting part of the
curve is that between one hundred
and five hundred cycles. Most of the
older transformers failed to ampli-
fy in this range, and its full amplifi-
cation is essential to natural sound-
ing music. In order to study this
part of the curve, which is crowded
at the lower end, more easily, a spe-
cial method of plotting the curves
has been resorted to. Instead of
making the distance along the fre-
quency scale proportional to fre-
quency, it has been made propor-
tional to the logarithm of the fre-
quency. The effect is similar to
that obtained with the “straight
line frequency’' condensers now so
popular. The lower end of the
curve is opened up, spread over
more space.

Just how much transformers have
improved during the last few years is

Fig. 1. A group of representative transform-
ers. The superiority of the new types (curves
3 and 4) is marked.

apparent from the curves of figure
1, which show the characteristics of
four transformers of different vin-
tages. Transformers No. 1 and 2
are of the older types designed be-
fore the period of development of

quality reproduction. No.’s 3 and 4
are both ‘“new era” transformers.
The difference between the new

and the old is very noticeable. No.
| has a marked peak at about eight
hundred cycles. This frequency
would be amplified to a much great-
er extent than those above and be-
low, resulting in bad distortion. No.
2 lets through practically nothing

under one hundred cycles and has
but half its maximum amplification
at four hundred cycles. Many fre-
quencies that go into this amplifier
do not come out. The result of this
type of distortion, the loss of the low
frequencies, is to give music a harsh
mechanical sound. The transform-
ers of curves 3 and 4 are a vast im-
provement over these earlier types,
and are typical of several transform-
ers making their appearance during
the past year. The deviation of
the maximum and minimum from -
the average amplification over this
range is so slight as to be barely no-
ticeable to the ordinary ear.

An interesting and important fact
is discovered when the turns ratio of
these four transformers is consider-

ed. No. | had 8.5:1, No. 2, 3:1,

No. 3, 2:1, No. 4, 6:1. Note that
the 8.5:1 transformer has a lower
amplification than the 6:1 over
practically the entire frequency

range, and at both ends passes be-
low even the 2:1. Another inter-
esting point is that the 3:1 trans-
former distorts to a much greater
extent than the 6:1, despite the
popular idea that low ratio trans-
formers necessarily have better
characteristics than those of high
ratio.

It was not entirely without rea-
son that high ratio transformers
have been viewed with some sus-
picion. Notice again the curve of
the 8:1 transformer. This is typical
of the older style high ratio trans-
formers. The loss of the high fre-
quencies is easy to understand. The
coil capacityacts as a~
these frequencies, short-circuiting
them to ground. The loss of the low
notes is due to the fact that the
primary turns were kept low in
order to get high turns ratio with a
small coil. The result of this prac-
tice may be explained with the as-

Fig. 2. The result of varying plate impedance

on a transformer of low primary impedance.

‘When the plate impedance equals that of the

ordinary receiving tube (12,000-15,000 ohms)
the curve is badly peaked.
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sistance of the curves of Figs. 2
and 3.

In the audio amplifier, the trans-
former primary is connected in se-
ries with the plate impedance of the
tube, which is about 15,000 ohms
for the common types of receiving
tubes. A considerable portion of
the voltage supplied by the signal
is used up in this impedance. The
portion of the voltage left across the
transformer primary depends upon
the relation of transformer impe-
dance to the total impedance of
transformer and tube. Thus if the
tube impedance is 15,000 ohms and
the transformer impedance 30,000,
two-thirds of the voltage will be im-
pressed across the transformer pri-
mary. It will now be seen why a high
ratio transformer sometimes gives
less amplification than one of low
ratio. Suppose a 5:| transformer
had 150,000 ohms impedance at a
certain frequency. Another trans-
former with an 8:1 ratio has but 15,-
000 ohms impedance in the pri-
mary. Both are used with a 15,000

The effect of plate impedence on the
operation of a transformer of high primary
impedance. The curves of Fig. 2 and 4 show
the importance of making measurements with
a resistance in series with the transformer

Fig. 3.

primary.  Otherwise an entirely false im-
I]rl'sﬁi(}n "Iﬂy bt' ('l)ll\'(’y(’(l.

ohm tube, with 10 volts available.
The 5:1 transformer will have 150,-
0900/165,009- of 10 volts or 9.3
volts across the primary. Assuming
no losses the secondary voltage
would be 47 volts. Only 15,000/30-
000 or 5 volts will be impressed
across the primary of the 8:1 trans-
former, with a secondary voltage of

As the transformer impedance
varies with frequency, while the tube
impedance remains constant, the in-
put to the transformer varies over
the frequency range. This of course
results in distortion (unequal output
of different frequencies). Distortion
due to this cause can be reduced by
means of a high primary impedance.
The input to the transformer cannot
be greater at any frequency than the
tube voltage. If at the lowest fre-
quency it is intended to amplify, the
transformer impedance is three
times the tube impedance, the in-
put will not be less at any frequency

than 75 per cent the tube voltage,
that is, not more than 25 per cent
difference in amplification of differ-
ent frequencies can occur. On the
other hand, if the transformer has
but half the tube impedance at this
frequency, the difference will be 65
per cent.

The curves of figure 2 were taken
on transformer No. 1, using differ-
ent values of plate resistance. If
the plate resistance could be re-
duced to zero, even this transform-
er would give little distortion. The
curve becomes more and more
peaked as the value of Rp is in-
creased, and the amplification per
stage is greatly lessened. In figure
3 is shown a similar group of curves
for transformer No. 4. This is a
transformer of high primary impe-
dance, 155,000 ohms at 1000 cycles
as compared to 15,000 for No. I. It
will be seen that while the curve is
better for the lower plate resistances,
the difference is much less marked
than in the case of No. 1. The ad-
vantage of a tube of low plate im-
pedance is obvious. That is one of
the advantages of the new R. C. A.
tubes.

We have shown the essential re-
quirement of equal amplification of
all frequencies to be a high and
nearly equal impedance at all fre-
quencies. This is accomplished by
the use of many turns of wire, with
a large core of high permeability
steel, and by proper coil design,
avoiding capacity that acts as a by-
pass for high frequency. This re-
quirement may be met in a trans-
former of high ratio as well as one
of low.

So far we have been dealing with
the problem of the manufacturers.
They have met it with surprising
success as several of the new trans-
formers show. It is up to the build-
er to make the best use of the manu-
facturers’ efforts and not spoil the
result by touches of his own.

Many radio builders think it an
advantage to shunt their transform-
ers with condensers or grid leaks.
While this practice sometimes helped
to improve quality with the old type
transformers, with a transformer of
good design it generally ruins qual-
ity.

A condenser across the primary
of the first audio transformer is us-
ually advisable, and may be as large
as 0.005 microfarads without affect-
ing the faithfulness of reproduction.
Devices across the secondary are
particularly harmful. Fig. 4 shows
the effect of several sizes of con-
densers and grid leaks across the
secondary. The effect of the con-
densers on transformer No. | shown

Fig. 4. A group of curves showing the effect
of shunting various devices across the trans-

former secondary. The upper group were
taken with a poor transformer, the lower on
the newer types.

in the upper half of the figure is to
make still more marked the peak
in the central portion of the curve.
The high frequencies are cut off with
increasing effectiveness as the size
of the condensers is increased. It
is interesting to note that at some
frequencies resonance effects carry
the curves with shunting condensers
above the normal curve. The use
of grid leaks improves the quality
with this poor transformer. With a
leak of 1.5 megohms, a curve sim-
ilar to No. 2 of figure | is obtained.
This curve is poor but somewhat
better than the normal one. When
the shunting resistance is reduced
to 200,000 ohms a very flat curve
is obtained, but the 8:1 transformer
gives less amplification than a 2:1.

The effect of shunting condensers
across the secondary of transformer
No. 4 is similar to that observed in
No. 1. The amplification of high
frequencies is greatly reduced, with
the point at which the curve falls
coming farther toward the low fre-
quencies as the condenser size is in-
creased. The improvement in quali-
ty gained by shunting the secondary
with a resistance is not so marked
as with the badly peaked trans-
former. A great loss of volume is
caused by this practice. With the
200,000 ohm resistance across the
secondary the amplification is cut
approximately in half, with no great
improvement in quality.

The radio set can be made to re-
produce music as faithfully as the
average phonograph, or even more
so. If this is to be accomplished
the whole amplifying and reproduc-
ing system must be laid out with
this purpose in view. Good trans-
formers must be used, in the way
the manufacturers intended them to
be used. Tubes must be properly
biased, and not overloaded, and
finally, all other precautions are in
vain unless a good reproducer is
used.
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“By ye deeds shall ye be known,” is an
old yet significant proverb that applies to
industry as well as to the individuai. It is

but natural that a pioneer organization
which has pursued a steadfast policy of
integrity should be the present day leader
in its particular field of endeavor.

The General Radio Company has at-
tained its position as the outstanding man-
ufacturer of radio parts and laboratory
mstruments through the recognized merits
of its products.

Since the early days of radio, amateur
operators and set-builders have looked
upon the General Radio Company as a
time-tried producer of dependable ap-
paratus.

The careful and conservative buyer of
radio parts looks first to the reputation of
the manufacturer. He knows from his own
experiences and those of others whether

this reputation warrants his confidence. It
is this self-same confidence upon which
the popular preference for General Radio
parts is based.

All products of the General Radio .Company
whether for the scientist or set-builder embedy the
same outstanding craftsmanship and materials in
their construction.

As a consequence the General Radio Company
has gained the esteem and confidence of amateur
operators and experimenters—an enthusiastic group
who are thoroughly familiar with the technique of
radio design and to whom the science of radio owes
much of its rapid advancement.

You will invariably find General Radio parts
“*behind the panels of better built sets.”’

Today General Radio precision instrument
standard equipment in nearly all the
and technical school laboratories throughout t
many foreign countries.

Every instrument made by the General Radio
Company is thoroughly guaranteed.

Write for Parts Catalog 924.

GenerAL Rabio Co. CamBRrIDGE 39, MAss.

Behind the Panels of Better Built Sets
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The “B” Battery Eliminator

By H. W. LAMSON, Engineering Department

A careful study has re-

cently been made con-
cerning the design and
operation of the “B”
battery eliminator using

either the Raytheon recti-
fying tube or the ther-
mionic rectifier, as exem-

plified by the UX 213
Rectron.

In order that an alter-
nating current, such as

that obtained from the or-
dinary AC lighting circuit,
may be available for sup-
plying the "B" battery
power for a radio receiver it must
first be rectified, that is, made
unidirectional in character. One
method of doing this consists of
utilizing the limited “one way'" con-
ducting power of the rectifter tube.
If this tube is operated as a “'single
wave'' rectifier one-half of each
cycle is suppressed so that, with a
sixty cycle AC source, sixty unidi-
rectional pulses of current are
passed through the tube per second.
Between every two of these pulses
there exists a ‘‘dead’ interval ap-
proximately one-half a cycle or
1/120 of a second long during
which no current flows through the
tube.

When the rectifier is of the
“double wave" form 120 unidirec-
tional pulses are passed per second.
A double wave rectifier actually con-
sists of two separate rectifiers built
into a single unit. It is used in con-
junction with a transformer having
a center tap on the secondary coil.
The two individual anodes of the
tube are connected to the extremities
of the transformer secondary coil
while the common cathodes are con-

Above illustration shows a Raytheon “B”

battery eliminator constructed of all General

Radio parts. Note neat arrangement of parts
and compactness.

ol e

Fig.1. Showing fall of output voltages as load
is increased in single wave rectification using
“Rectron” tube.

nected through the output
load to the center tap of
the coil. In this manner
one of the anodes passes
the positive and the other
the negative half of each
cycle so that there are no
“dead" intervals.

We shall first consider
the “regulation character-
istics”" of the Rectron tube
as a single wave rectifier.
(See Fig. 1.) The curves
show the fall of the output
terminal voltage Es as the
load is increased. Load
current ls was measured with ordi-
nary DC milliammeters while the
terminal voltage was measured with
a special DC voltmeter drawing only
about one microampere per volt, a
negligible load. When measuring a
pulsating current both instruments
give, ordinarily, an integrated mean
value of current or voltage. The
filaments of the Rectron tube may
be conveniently heated by an addi-
tional low voltage secondary on the
transformer delivering 2 amperes at
5 volts.

Curve A shows that the mean
terminal voltage of the rectifier is
very low due to the single wave
rectification and that it falls with
increase of load due to the internal
resistance of the tube. When, how-
ever, a reservoir condenser of even
a moderate value (curve B) is
placed across the output the open
circuit voltage jumps up to approxi-
mately the peak value supplied by
the transformers. This is because a
few instantaneous applications of
this peak voltage are sufficient to
force enough charge into the con-
denser to raise its potential to this
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value and, if this charge cannot leak
away, due to the “one way’ con-
ductivity of the tube, the peak volt-
age is maintained when there is no
external load. When, however, an
external load is drawn from the
tube the output voltage falls rapidly
as the limited charge thrown on the
condenser at the peak of every
other half-cycle leaks away to sup-
ply the load current during the
“dead” intervals. The remaining
curves of Figure |1 show how in-
creasing the capacity of the reser-
voir condenser serves to maintain
the output voltage under a load,
causing, thereby, a slower drop from
the open circuit peak value.

I i & 7
Fig. 2. Showing fall of output voltages with
double wave rectification as load is increased
using Rectron tube.

Figure 2 shows a similar set of
curves for the Rectron tube used as
a double wave rectifier. It will be
noted that curve A (no reservoir
condenser) is considerably higher
than in Figure 1. This is, of course,
due to the fact that mean values of
120 impulses are being measured,
there being no ‘‘dead” alternate
half cycles. As before, the addition
of a reservoir raises the open cir-
cuit voltage to approximately the
peak value of the transformer. The
improvement in regulation and in-
crease in capacity of reservoir is not
so pronounced as in the case of the
single wave Rectron. This is, of
course, to be expected.

Figure 3 shows a set of character-
istic curves taken in a similar man-
ner with the Raytheon tube used
“double wave.”” With no reservoir
condenser (Curve A) the output
voltage drops very sharply for the
first few milliamperes of load and
subsequently falls away more slow-
ly. The introduction of a reservoir
condenser raises the initial open-cir-

cuit voltage to a certain peak value.
Increasing the reservoir improves
the regulation, as in the case of the
Rectron. A comparison of figures
2 and 3 shows that, with the same
reservoir condenser, a given load
may be drawn from the Rectron at
a considerably higher voltage than
in the case of the Raytheon. This
is due in part to the fact that the
Raytheon does not “break down"
and pass current until a consider-
able fraction of the peak voltage is
applied to it, causing thereby a
greater drop of voltage in the tube.

Having rectified a sixty cycle al-
ternating current into a pulsating
current with a frequency of 120 the
next step consists of “filtering” or
smoothing out the impulses to give
a steady flow of current into the
load. Figure 4 shows a set of
curves taken with the Raytheon
tube using a one-section filter net
work. This consists of a choke coil
of approximately thirty henrys in
series with the output load and two
condensers, Cl and C2, connected
in shunt across the line leading to
the load. The choke coil offers a
strong opposition to a pulsating cur-
rent so that the successive impulses
from the tube tend to pile up a
charge on the reservoir condenser
C1, which, however, immediately
proceeds to discharge at a uniform
rate through the choke with little
difficulty, as the resistance of the
choke to a steady direct current is
comparatively low. A small amount
of ripple, however, passes through
the choke, but this is, to a large de-
gree, absorbed by the reservoir ac-
tion of the second condenser, C2.
If we desire a more perfect filtering

Fig. 3. Curves illustrate voltage drop with
increased load using double wave rectification
with Raytheon tube.

a two section filter composed of two
chokes and three shunt condensers
may be employed.

Referring again to Figure 4, the
curve A shows a regulation obtained
when each condenser has a value of
2 MF. Curve B shows the improve-
ment in regulation when the output
condenser, C2, is increased to 8 MF,
while curve C shows the greater im-
provement obtained, on the other
hand, by increasing the reservoir
condenser to 8 We see thus

that the reservoir condenser is more
important in controlling the regula-
tion.

i
Fig. 4. Illustrating voltage regulation with var-
ious filter combinations using Raytheon tube.

LTI

Measurements of the ripple pass-
ing into the output load, made by
means of an oscillograph, show, on
the other hand, that the output con-
denser, (that directly adjacent to
the load) is most effective in elimi-
nating the ripple (hum) in the out-
put. These considerations hold
equally well with a filter of three
or more actions.

Increasing the size of any one of
the condensers improves both the
regulation and the hum. However, a
practical limit is soon reached at
from three to four microfarads each
in the three condensers of a two-
section filter. Both experiment and
theory verify the fact that, given a
certain total capacity to the filter,
the best regulation and the least
hum are always obtained by divid-
ing this total capacity into equal
units, that is, making all the con-
densers of the same value. This
applies to the hum actually coming
through the filter and not to any
ripple which may be picked up in-
dependently on a radio receiver fed
by the eliminator. This latter point
is being investigated at present.
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i In the type 358 wavemeter, il-
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lustrated above, the General Radio
Company presents a wavemeter
particularly designed for amateurs.

For the lack of a more accurate
standard of checking his wavelength
the amateur has had to rely largely
upon some one else receiving his
signals to determine his wavelength.

Though this method is generally
satisfactory the advantages of using
a carefully constructed and accu-
rately calibrated wavemeter are ap-
parent without further comment;
especially in view of the increasing
interest in two way short-wave-
length communication.

On the short wavelengths partic-
ularly, only a slight swing in wave-
length is required to carry the note
of a station beyond audibility—thus
interfering with the quality and in-
tensity of signals.

By using a reliable wavemeter the
operator of a transmitting station
may conveniently check his wave-
length and consequently assure him-
self that his full power output is
radiated on the wavelength he is in-
tending to use.

The type 358 wavemeter is de-
signed particularly for experimental
use. As it covers a wavelength
range of 15 to 225 meters it covers
all the amateur bands in common
use. In general appearance the 358
wavemeter is somewhat similar to
the well known type 247 wavemeter
and filter. The coupling coil of the
latter has been dropped, however,

and an indicating lamp has been sub-
stituted.

The wavemeter consists of a me-
chanically rugged coil of low loss
construction, mounting directly on
the binding posts of a shielded con-
denser. The condenser capacity is
125 MMF. Mounted on the con-
denser panel and connected in series
between the condenser and coil is a
resonance indicator in the form of
a small lamp. The lamp socket is
so arranged that it is short circuited
when the lamp is removed.

The range 15 to 225 meters is
covered by means of four coils,
plugged into a condenser which is
enclosed in a metal can. Unlike the
type 247W meter which uses a di-
rect reading dial with a multiplica-
tion factor for the various coils, the
new instrument is supplied with a
calibration curve for each coil, with
an accuracy of 1%.

The coil ranges, providing ade-
quate overlaps, are as follows.

Coil A 14 to 28
Coil B 26 to 56
Coil C 54 to 114
Coil D 105 to 220

Coil A, B and C are space wound
on threaded bakelite forms. This
assures accurate and permanent cali-
bration.

The condenser, coils and chart
are contained in a wooden carrying
case which provides proper protec-
tion for the instrument when not in
use.

The wavemeter complete, sells for

$22.00.

A New Tube and a New
Transformer

A new tube of great interest to
all owners of storage battery sets
has been announced by the Radio
Corporation. It is the 200A detec-
tor tube. This tube is said to have
all the good qualities of the old type
200 without its high current demand
and sensitivity to plate voltage varia-
tion.

The new tube requires only one
quarter ampere filament current at 5
volts, the same as the 201A type.
The plate potential is not critical but
45 volts is recommended.

“The UX-200A has a greater
sensitivity than any existing special
detector tube,” it is claimed. It
may be used in any receiver of the
storage battery type without change
or special adjustment.” “lts in-
ternal resistance is such that it may
be used with either resistance or
transformer coupling. The new de-
tector tube is absolutely stable and
provides reliable operation at all
times with no more critical adjust-
ment than required with standard
‘hard’ tubes.”

The tube data is as follows:

Design—same as standard UX 201A

Base—same as standard UX 201A

Filament voltage—5

Filament current—.25 amp.

Plate voltage—45 maximum

Plate current—2 milliampere

Plate impedance—28,800 ohms

Grid leak—2 megohm

Grid condenser—.00025 microfarads

Attention is called to the wvery
high plate impedance of the 200A
tube which makes necessary the use
of a transformer particularly de-
signed for it if good quality is to be
obtained.

To meet this need, the General
Radio type 285D transformer has
been designed. This transformer
has a sufficiently high input impe-
dance to work efficiently with the
new tube. Its characteristics are as
follows:

Pri. Imped. 375,000 ohms—Resist. 2200

ohms.
Sec. Imped. 3,000,000 ohms—Resist. 8300
ohms.
Turns Ratio 1:2.7

The curve above gives a compari-
son between the type 285D and the
type 285 transformers, when both
are used in the output of a 200A
tube.
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CTRON 1
ngEPDWEn AMPLIFIER KIT |
WITH OUTPUT TRANSFORMER

For a dependable “B”
eliminator—power amplifier
unit which will enable your
loudspeaker to delivergreater
volume with a tone quality
that is amazing, buy a Gen-
eral Radio Rectron “B”
Eliminator— Power Ampli-
fier kit and carefully follow
the few simple instructions
for assembling the unit.

Price of Kit, including

all parts and drilled base-
board

$ .50

INSTRUMENTS

A properly built “‘B’’ eliminator operated from the lighting circuit
noticeably improves the consistent quality of reception. It provides
a constant, silent flow of current that makes it as dependable as the
power station itself.

Worry whether the “B” batteries are run down and their con-
tinual replacement is forever abolished by the use cof a reliable “B”
voltage supply unit. Once installed and adjusted is ready for years
of constant service.

A Power Amplifier in conjunction with the
“B” eliminator permits the use of a high power
tube in the last audio stage. This overcomes
the tendency toward tube overloading and
removes the most common cause of distortion
in loudspeaker operation.

Get this Booklet—";

Ask your dealer or write today for our pamphlet
‘‘How to Build a Rectron ‘‘B’’ Eliminator and
Power Amplifier.”’

GENERAL RADIO Co. Cambridge 3

Behnind the Panels of Better Built Sets
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The Design and Use of the
Speaker Filter

)y H.

E In the earlier days of radio broad-

casting the chief aim of the average
enthusiast was for DX, distance at
any price. Thus the crystal detector,
for many years an old standby, be-
came superseded by the regenerative
vacuum tube detector with its truly
marvelous sensitivity. Before long
the ever increasing number of broad-
casting stations raised the demand
for another important feature of a
radio receiver—selectivity. This was
accomplished by placing a tuned
radio frequency amplifier between
the antenna system and the detector
element, as exemplified in the neu-
trodyne, superheterodyne and other
familiar circuits.

Iﬂ recent timCS a nevw Jemand has
been made upon the radio art. Now-
adays, when a considerable number
of the major broadcasting stations
are frequently tied together to trans-
mit, in unison, programs of excep-
tional merit and wide popular
interest, programs available literally
to an audience of millions, the cry
for DX has become more and more
subjugated to the demand for qual-
ity, for faithful and realistic repro-
duction and sufficient intensity to
produce a volume of speech or
music customarily associated with
grand stand and orchestra seats.
Thus, attention is turned to the audio
amplifier and interest has become
centered upon power amplification.

For this purpose several new de-
signs of vacuum tubes have been
placed upon the market to be used
in the last stage of the audio ampli-
fier. Chief among these are the
UX-120, a dry cell tube; the UX-

W. LAMSON, Engineering Department

The Type 387 Speaker Filter

112 and the UX-171, storage battery
tubes; and finally the UX-210, a
“high power’ amplifier. Of this list
the UX-171 and UX-210 are un-
doubtedly the best in their respective
ratings. Each operates with a large
plate voltage and, when properly
biased, has a long straight-line oper-
ating characteristic which permits a
wide range in volume while main-
taining quality.
ese power amplifier tubes,
however, draw a noticeably larger
plate current than such tubes as the
UX-201A or UX-199, and this feat-
ure has necessitated, or at least made
quite desirable, an additional piece
of equipment in the power amplifier,
whose chief function is to keep this
direct current from passing through
the speaker. Why is this desirable?
Perhaps the two principal reasons
are as follows:
|—If a steady direct current is
passed through the loudspeaker the
armature or diaphragm is deflected
one way or the other so that an
unsymmetrical strain is placed upon

the vibrating system. Then, when a
pulsating ripple of current (speech
or music) is passed through the in-
strument, the restoring forces are
unbalanced, the moving parts do not
vibrate in strict accordance with the
wave form of the current ripple, and
distortion results. This effect is
comparable to pushing against a
piano string with the finger while
striking the corresponding key.

2—If a direct current is passed
through the loudspeaker certain
parts of the magnetic system may
become more or less saturated with
magnetism, so that when a ripple of
current is passed through the instru-
ment the variations in the magnetic
pull may not correspond in magni-
tude to the amplitudes of the current
ripples. That is, a small ripple of
current may produce a relatively
large change in the magnetic force
on the driving mechanism, again giv-
ing rise to distortion.

Either one of two different instru-
ments may be employed for remov-
ing this undesirable direct current
from the loudspeaker. These are
known as the output transformer and
the speaker-filter. The former is
self-explanatory; the latter consists
of an inductance choke which passes
the DC plate current, but which of-
fers a high impedance to the audio
frequency currents, forcing them to
pass through a condenser into the
loudspeaker.

Figure | illustrates the use of the
output transformer “T"" between the
amplifier tube “A" and the speaker
“S." Figures 2 and 3 show the cor-
responding circuits of the speaker-
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filter, composed of the choke “L"
and the condenser “C.” The ar-
rangement indicated in Figure 3 is
preferable since, with the circuits as
shown in Figure 2, the loudspeaker
is at high potential with respect to
ground, which is usually connected
to the minus terminal of the “B”
battery.

An investigation was recently un-
dertaken in the General Radio
laboratories to ascertain the best
practical design for the elements of
the speaker-filter. When it is re-
called that the impedance or oppo-
sition to flow of alternating currents
in a choke inductance increases with
the frequency, while the impedance
of a condenser decreases as the fre-
quency rises, it will be apparent that
the speaker-ﬁlter must be relatively
more efficient for the higher pitched
notes. Thus, if the inductance of
the choke and the capacity of the
condenser were both made too small
a perceptible amount of low fre-
quency current might pass through
the choke and be lost to the loud-
speaker.

At first glance the solution would
appear to consist of making both
“L" and "C” very large. Increasing
the capacity of the condenser, of
course, increases costs and at the
same time increases the possibility of
an accidental puncture or break-
down. Increasing the value of “L,"
while maintaining reasonable dimen-
sions to the instrument, means more
turns of finer wire. This, of course,
introduces more resistance to the
passage of the direct current so that
less “B"" voltage will be available at
the plate of the amplifier tube. Then
again, too many ampere turns on a
given size core might tend to saturate
the iron and reduce the efficiency of
the choke. To ascertain the practical
limits of design, three speaker-filters
were constructed. Each contained a
condenser of two microfarads capaci-
ty and each had an individual choke
coil described as follows:
Speaker-filter “A”—Inductance 22

henrys, resistance 385 ohms.
Speaker-filter “'B"”—Inductance 50

henrys, resistance 745 ohms.

Speaker-filter “"'C”"—Inductance 100
henrys, resistance 1,940 ohms.
For purpose of comparison, a

standard design of output trans-

former D" having a primary in-
ductance of 0.9 henry (320 ohm
resistance) and a secondary in-
ductance of 0.6 henry (385 ohm
resistance) was also used. The
technique of the measurements is
described below. Various pieces of
equipment used in the study of loud-
speakers were employed.

The audio frequency output from

a “heterodyne beat oscillator”” was

amplified once by a small vacuum

tube amplifier and then passed into

Fig: 2

a combination “'B" battery elimin-
ator and power amplifier. The out-
put from the plate of the power
amplifier tube could be passed ai
will through any one of the four
instruments described above and
then into a loudspeaker. This speaker
was placed in a large sound-proof
box, which contained also a pair of
microphones used to pick up the
sound emitted from the speaker. The
pulsating currents from the micro-
phones were then passed through a
suitable transformer and rectified by
a crystal so that their relative in-
tensity could be measured on a
millivoltmeter. Thus comparative
measurements of the sound output
of the loudspeaker could be made,
using the different types of speaker-
filter, etc.

To attempt to make measurements
at a single pitch or frequency is dif-
ficult for several reasons. These
objections were overcome by “‘wab-
bling”" the pitch, that is, by varying
the frequency repeatedly and regu-
larly over a small range, perhaps
twice a second. This was done by
means of a small motor driven rotary
condenser attached to the oscillator.
This “wabble” produced a slight
pulsating motion on the needle of
the meter, but a mean reading could
easily be obtained.

The first set of data were taken
with a power amplifier employing
the UX-171 tube and using as low a
pitched “‘wabble” as would give a

Fig G

reasonable response to the loud-
speaker. Readings were taken in
succession on instruments "A,” "B,”
“C"” and "'D,” and then repeated in
the same order perhaps a dozen
times. This repetition was deemed
necessary owing to the variability of
certain elements in the circuit, notice-
ably the microphones. The read- -
ings on a particular instrument were
then averaged to give a mean value
which could legitimately be com-
pared with corresponding values
obtained with the other instruments.
For purpose of comparison these
values were expressed as ratios to
the value obtained with the output
transformer “'D,” which in every
case proved to be the least efficient.
The data given in Table | show the
average ratios thus obtained with
several makes of loudspeakers, all
being of the cone type.

TABLE I.
Type of Speaker Filters Output
_ Loudspeaker A B Trans. D
Eda 142 144 140 1.00
Musicone 1.27 1.28 1.32 | 1.00
West. Elec. 1.23 1.22 1.30 1.00
Acme 1.66 1.59 1.52 1.00

UX-171 with Low Pitched Wabble

In a similar manner comparative
data were taken using the UX-171
tube by employing a high pitched

“wabble.” These ratios are given
in Table II.
TABLE 11
Type of Speaker Filters Output
Loudspeaker B Trans. D
Acme 1.28 1.26 1.28 1.00
West. Elec. 2.03 1.94 1.75 1.00
Musicone 1.3211.31 |1.31 | 1.00

UX-171 with High Pitched Wabble

A high power "B” eliminator and
amplifier employing a UX-210 tube
was then substituted for the UX-171
amplifier, and the data given in
Table IIl. were obtained using a low
pitched “‘wabble.”
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West. Elec. 1.23 1.29 1.41 1.00
Acme 1.24 1.30 1.34 1.00
Erla 1.34 1.40 1.51 1.00
Musicone 1.38 1.55 1.76 1.00

UX-210 with Low Pitched Wabble

Lastly, the UX-210 amplifier was
used with a high pitched “wabble,”
giving the data of Table IV.

TABLE V.
i ker Fil Output
L.B.':u'k« Asm 3 ¢ T ®

Musicone 1.08 1.09 1.09 1.00
West. Elec. 1.04 1.05 1.05 1.00
Acme 1.20 1.21 1.23 1.00

UX-210 with High Pitched Wabble

Let us now examine these results
which may, perhaps  be a bit sur-
prising. It must be borne in mind
that the figures give no indication of
the relative merits of the cone speak-
ers, but indicate merely a compari-
son between the various types of
speaker-filters when used with a
particular loudspeaker.

Table | shows that, with the low
pitched “‘wabble,” any one of the
speaker-filters might be chosen as
the best, depending upon the type of
cone employed. The maximum vari-
ation (1.66 to 1.52) or 9 per cent.
represents so small a difference that
it could not easily be detected by
ear. The relative efficiency of the
filters and the output transformer, on
the other hand, varies appreciably
with the type of loudspeaker used.

Table Il shows that, except in the
case of the Western Electric cone,
there is no appreciable difference
between the speaker-filters when
passing a high pitched note. As
stated previously, this is to be ex-
pected on theoretical grounds.

With the UX-210 amplifier and a
low pitched “wabble” the data of
Table Ill shows a consistent im-
provement, favoring the Type C
filter in each case. This improve-
ment, however, is by no means pro-
nounced, the greatest difference
noted, 27 per cent. in the case of the
Musicone, being an amount barely
perceptible to the human ear.

Operating with the high pitched
“wabble,”" the data of Table IV
again offer no choice between the
behavior of the filters.

It appears, therefore, that for ‘all
practical purposes the same intensity
is obtained with all three types of
speaker-filters. This being the case,

it would then be desirable to use the
Type A, which has the lowest resist-
ance and hence leaves the highest
voltage available at the plate of the
amplifier tube and is, at the same
time, least liable to core saturation.

A series of comparative measure-
ments were then made between the
A type of speaker-filter as described
above and the A type of filter with
the condenser increased to 6 MF. by
the addition of a 4 MF. unit. Using
various cone speakers with both high
and low frequency “wabbles,” it was
found that the difference between
the two capacities was less than the
error of measurements, an entirely
negligible amount, so that a conden-
ser of 2 MF. proves to be quite large
enough for the purpose.

Quartz Plates Available

to Amateurs

After many disappointments, due
to failures of sources of supply, the
General Radio Company is now able
to supply quartz plates for amateurs.
These plates will be supplied for fre-
quencies between 1750 and 2000 K.
C. (171.4 and 150 meters). This
will permit the use of the plates on
any of the amateur bands by tuning
to the proper harmonie.

Plates will be supplied as close as
possible to specified frequencies in
the above band. The frequency of
each plate, measured to 0.25% ac-
curacy, will be supplied with the
plate.

The plates are somewhat irregular
in shape from 5 to 1” in diameter.
Faces are ground smooth and paral-
lel, and the edges are bevelled.
These plates are guaranteed to oscil-
late when used in a properly built
holder, and kept clean. The plate
voltage of the oscillator tube should
be from 40 to 200. Puncture of
the quartz plate due to excessive
voltage is a characteristic of the ma-
terial which cannot be prevented.

The plates as above described are
supplied at $15.00 each, unmounted,
post paid.

Notice

The expense of printing and mail-
ing "The Experimenter” each month
is too grealt to permit promiscuous
circulation.

If you wish to continue to receive
copies regularly and have not re-
turned your post-card requesting
that your name be placed on our
mailing list, please write and have
your name put on our permanent
list.

QOur permanent mailing list to re-

ceive all future copies of “The Ex-
perimenter”’ will be made up from
returned post-cards and letters from
experimenters who are anxious to
avail themselves of the information
contained in our new publication.
ere is absolutely no charge at-

tached to this service and we are
very glad to extend all of our experi-
menter f[riends a permanent sub-
scription for ‘“The Experimenter’”
with our compliments.

Assure yourself of receiving all
future copies by mailing us your card
or writing us a letter today.

New Construction Literature
on the Rectron and Ray-
theon Plate Supply and
Power Amplifier Units
Now Ready

In addition to building and im-
proving their sets the amateur build-
ers this year will also turn their in-
genuity to the construction of plate
supply units and power amplifiers.

In order that the amateur build-
ers may carry on this constructional
activity without unnecessary bother
in collecting the required material
and information the General Radio
Company has brought out both Ray-
theon and Rectron Plate Supply and
Power Amplifier units in kit form,
and has published construction
booklets containing all instructions
for building plate supply and power
amplifiers using either rectifier tube.

In addition to schematic diagrams
they contain full scale pictorial dia-
grams showing exact arrangement
of parts and actual connections.

In general characteristics and op-
eration these power kits are similar
to the completely assembled Type
400, Plate Supply and Power Ampli-
fier which uses a rectifier, the UX-
213, and as an amplifier tube the
UX-171 power tube

Dealers will be able to obtain a
quantity of the construction booklets
for free distribution to their set-
building customers on request to
their jobbers or to the General Radio
Company.



DIAAD J0 £594n00) d11d

For All PopularMakes

and Circuits

o radz receivz’ng sels
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oltage Suppl.
Unit with /’owe%

Amplification TYPE 400

Price

/e L 00.
/VEWGENERAL RADIO

“B”Eliminator a@ Power Amplifier

Broadcast liste

srs everywhere are now demanding resistance voltage controls to get out of order and cause

above all else “B” battery elimination and reception that noisy reception.
i TURAL. . ) Voltages in this unit are controlled by fixed resistances
he answer to this demand is the new General Radio which are properly designed to make the Type 400

Type 400 “B” eliminator and Power Amplifier which readi
is designed to operate with all popular makes and cir-
cuits of radio receivers, regardless of whether they may
be operated by storage battery or dry cell tubes.

Where . €. 110-volt (60 ecyele) lighting current is
available the use of the Type 400 Unit is the most
practical and satisfactory method of supplying all neces-
sary “B” vol s, The Power Amplifier in conjunction Deale show this unit to your set owning customers,
with the eliminator permits the convenient use of and you will interest them, demonstrate it and it will
a high power tube in the last audio stage. This over- sell i‘l.\oll'. Why not include a Type 400 Unit in every
comes the tendency toward tube overloading and removes nhew installation?

the most common cause of distortion in loudspeaker Place your initial order with your jobber now and be
operation. An outstanding feature of the General Radio ready for the big popular demand for plate supply and
Type 400 “B” Power Unit is that it has no variable power amplifier units.

y adaptable to all average receivers.
Once installed it
ready for years of

 no further alteration and is
ing service.

The Type 400 Unit is designed to use the UX-213
Rectron rectifier tube and UX-171 power tube in the
amplifier.

GENERAL RADIO COMPANY CAMBRIDGE, MASS.

GENERAL RADIO

INSTRUMENTS

Behnind the Panels of Better Built Sets
w
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The Status of “A” Battery
Elimination

By C. T. BURKE, Engineering Department

The i most i 1
heard at the New York Radio
Show, just past, was, ""How about A
eliminators?”* "B" battery elimina-
tors were exhibited in great numbers

Direct current power differs from
alternating, in that power at high
voltage and low current cannot be
transferred into power at low
voltage and high current wnhoul the

used for both A and B supply, it
would be necessary to design trans-
formers and chokes to deliver this
current at about 220 volts in order
to take care of the plate and grid

Itage of the UX-171 tube. This is

y to use the

and many varieties, but no “A" use of rather
bsti of g 1 licati It is, th

appeared. D [ &4 power at the current and
The problem of fil supply lied by the rectifier.

from alternating current is essen-
tially different from that of plate
supply. It is not a question of the
power supplied, but the voltage at
which it is supplied. The power re-
quired for filament supply ranges
from 0.18 watt for the dry cell tubes
to 9.5 watts for the 210, while the
plate power for these tubes is .2
watt and 9 watts, respecdvely The

set draws a f load of
about 7 watts and a plate load of
perhaps 4 watn There is nol

wattage requirements of plate and
filament to involve great difficulty.

Rcchﬁcanon and filtering is gen-
erally necessary in order to use alter-
nating current for filament supply.
The last stage of audio amplification
can be run with alternating current
on the filament with excellent re-
sults. When the slight hum result-
ing fmm A c. on the filament is

lify ive tubes,

somewhat expensive, but by no
means impossible. A rheostat of
sufficient resistance and current car-
rying capacity is also required.

It will be seen that A elimination
for UX-199 tubes is feasible. So
far as the writer knows, however,
there is no commercial eliminator
for this service available. The field
for such a device would be very
limited, first because of the com-
ly few sets using 60 mil

it rcaches an ob)ecuonable mazm-
tude. Thus the use of raw A. C. is
confined to the last tube. This is
generally a power tube, and re-
quires a greater filament supply
than the others. Under certain con-
dmonn. where some hum is not

The essential difference b
the plate and fil. lies is the

j ble, it may be ible to
two stages of audio nmpllﬁ-

supply voltage, which is about 100
for the plate as d to 5 for

tubes. and second because rewiring

of the set is required. The making
of mdlvndual maullauons of this
d, h e

unit, and rewmng the set, should
prove a source of considerable profit
to those dealers and service stations
who undertake it. The same type of
lnltalla}lon would not be entlre]y

cahon on
tube must have a supply of

the filament. As power in watts is
equal to the current supplied, times
the supply vollage. roughly twenty
times the d to sup-

well filtered direct current.

The maximum current available
from a :mgle tube of the kinds
in phte supply

ply a given number of watts to fila-
ment as would be required at the
plate. The great difference then
between the demands of filament
and plate supplies is not of power,
but of current. Plate current
supply devices are not called on to
deliver more than 50 milliamperes,
while the filament may draw two or
more amperes.

dev:cea is nbouk 85 milliamperes.
This is the current required by a one
tube set, employing a UX-199 tube.
It is delivered at high voltage. If
the set is so wired that the tubes are
in series, any number (up to 50)
UX-199 tubes may be opemlle::!

e bounds of p bility
with 201A tubes if a recnﬁer tube
were available supplying 250 milli-
amperes. The chokes nnd resistances
for this ould p
considerable dlﬂiculty Thll  would
result in greater bulk, and materially
greater expense than would the
equipment for 199 tubes.

There are a number of low volt-
age rectifiers available which are
used to charge batteries. The out-
put of these units is ample to supply

from such a tube when
with a suitable transformer and

filte

efi current drain of any set,
and Lhey would be suitable for a

As the same unit is generally _general purpose filament supply.
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The great obstacle in this case is
filtering. The condensers in the
filter act as reservoirs, storing sur-
plus current during one part of the
cycle and feeding it to the load
at another. The large current re-
quired by the filament supply would
require condensers of many times
the capacity now required on plate
supply units. The filter inductances
also present a serious problem. The
low voltage available from high-
current rectifying devices permits a
very small drop in the filter system.
This requires chokes having very
large wire and few turns. In order
to get the proper inductances, and
ayoid saturation, the cores would
have to be of very large cross
section, and would require air gaps.
Fortunately, as the current drain in-
the amount of inductance

creases,
required for a -given degree of
smoothing  decreases somewhat.

Even allowing for this, the filter
choke for a filament power supply
to furnish 2 amperes would cost
much more than do those for a plate
supply. The condenser cost would
be multiplied by an even greater
proportion unless electrolytic con-
densers were used.

The cost of a storage battery is,
of course, many times less than that
of such a filter would be. This
brings us to the trickle charger—
battery combinations, which, while
not a battery substitute, do provide
a reliable filament source from the
alternating current line. The trickle
charger is probably at present and
likely to remain for some time the
most satisfactory general purpose
filament supply. The use of UX-199
tubes in series will, however, prove
interesting to the experimenter and
to the service man.

Another type of A eliminator, in
which dry batteries are used as filter
condensers, is appearing this year.
In this type a tungar rectifier i is gen-
erally used. The filter of

What Tube Shall 1

e EXPERIMENTER

Use in My Power

Amplifier ?

As there are two tubes available
considerable power is desired with

for use in the last audio stage where

perfect qunlity, some question has

arisen as to which of these tubes should be used in a given case.

The plate characteristics of these tubes (UX-171 and UX-210) or
(CX-371 and CX-310) are as follows:
UX 171
| Maximum®
| | Unaistortea
| Output | Qutput Amplification
| Grid Volts | Plate Volts | mesistunce | _ Ovillivatis)  Factor
1615 90 | 2500 130 3
27 135 | 2200 | 330 ! 3
40 | 180 | 2000 700 3
UX 210
| Maximum
Undistorted |
_ Gria Volts | Plate Volts  Resistance ottt |
4.5 | 90 ‘ 9200 18
9 135 8000 65
10.5 i 157.5 7400 ’ 90 |
18 250 5600 340
27 | 350 5100 i 925
35 | 425 ‘ 5000 1540

* Proper bias assumed.
Considering first the output re-
sistance, it will be seen that it is

lower for the 171 for all con-
ditions of plate voltage. A low
output resistance increases the

energy transferred from the tube to

the speaker, and in part compen-

sates for the low amplification

factor of this tube. The low resist-

ance also results in a greater energy

transfer at low frequencies, where
are

Where the plate voltage available
is less than 200, the 171 tube
should invariably be used.

Where it is desired to obtain the
greatest possible volume, as might

e the case in a hall or large assem-
bly room, the 210 tube should be
used with 425 volts on its plate.

The 171 tube is the ideal type for
use when it is desired to obtain
proper volume for a living room
the distortion resulting when

The input voltage which may be
applied to a tube without causing
grid distortion is fairly well indicated
by the grid bias voltage. An
inspection of the table will show that
the 171 permits a greater input at
180 volts than does the 210 at 425
volts, and more than twice as much
as the laner tube at 180 volts plate.

Considering next un-

a choke of small inductance which
can, therefore, be made with low
resistance and dry cells in place of
the filter condensers. A number of
these devices will be on the market
this year and they offer interesting
possibilities.
In the m tube f

distorted output,” it is seen that the
171 will deliver about twice the
power at 180 volts that the 210 will
at 250 volts plate. At 425 volts
the 210 will deliver somewhat more
than twice the power than the 171
dellveu at its maximum plate

turers are at work on the problem
of developing tubes which will not
require A batteries. Various types
of tubes have been suggested in
which the heating current does not
pass through the anode, and one
such tube has been placed on the
market. Further developmems
along this line are certain, and it is
possible the final answer to the “A”
eliminator question will be provided
by the tube manufacturer.

T]\e nmpliﬁcaﬁon factor of the
210 is greater at all vol

201A tubes are forced. The undis-
torted output is more than ten times
that of the 201A. Its low output
resistance makes it particularly well
suited for working into a low impe-
dance cone. When the input is
sufficient to work it to its capacity,
the power delivered is ample for
home use.

In order to obtain results equiva-
lent to those delivered by the 213
rectifier, two 216B rectifiers must be
used to supply the high voltage
required by the 210 tubes. A trans-
former secondary voltage of nearly
1000 volts is also required. It is
felt that a unit of these proportions
is an extravagant and possibly a
dangemus one for home use. These

ions have led the engin-

From the above data it is possible
to deduce a few rules for the use of
these two tubes.

eers of the General Radio Company
to build their power units around
the 171 tube.

In order that the E

NOTICE

Tsted

the first of every month, the Seplnmber u-ue has been omitted, and the October
issue distributed earlier in the month than has been the custom in the past few
iseues. Future issues will be mailed out or/ or shortly after the first of each month.

y be published
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The Vacuum Tube Bridge

By HORATIO W. LAMSON, Engineering Department

The uses of the three-elec-
trode vacuum tube have be-
come so manifold that the
study of its various character-
istics is of considerable im-
portance. Several tube-testing

evices, more or less elabo-
rate in design, have been
developed and placed on the
market. These usually con-
sist of a series of meters and
rheostats, with or without en-
closed batteries, and are de-
signed to check filament
power and to measure cer-
tain so-called “static charac-
teristics,”’ such as the joint
emission to grid and plate or
the steady plate current pass-
ing under any particular con-
ditions of filament current or
voltage, plate voltage, Land

Figure 1.

The Type 361-A Vacuum Tube Bridge Manufactured

by the General Radio Co.

and fil current Is, these

grid bias. From
curves obtained in this manner the
“‘static amplification constant” and
other data of value may be deter-
mined. Under certain condmonS,

circuits require two decade resistance
boxes, three fixed resistances of 10,
100, and 1000 ohms respectively, a
tone source and a pair of telephones.
For has

however, the “dy

istics” of a tube are of more funda-

mental importance. Chlef among
1

it
been found beneficial to add a small
vanocoupler to introduce an induc-
tive i between the tone

these are the
the Plate Reautance. and the Mutual
Conductance, which is the ratio of
the former to the latter.

The actual value of the Ampliﬁoa~

source and the phones in order to
counteract the effect of capacity be-
tween the tube elements.

These circuits may be set up with

higher degree of precision
and better shielding, as well
as freedom from other minor
troubles, may be obtained
by building the several parts
into a properly designed
bridge unit. Such a bridge
is described more fully in
the General Radio Bulletin
414

The attached curves are
given to illustrate data ob-
tained with this bridge upon
two different tubes. In the
first set, marked A" the
grid bias was varied over a
considerable range. In the
second set, marked "B,” the
filament voltage was adjust-
ed at various values. In
either case the plate current
Ip, e amplification con-
stant Mu, the plate resistance Rp,
and the mutual conductance Sigma,
were measured directly on the
bridge.

Referring to Figure A we see that
the emission is practically cut off at
sixteen volts negative on the grid,
while no sign of saturation is reached
at sixteen volts positive. The ampli-

remains ially
the same from 0 to about 9 volts
negative, and then falls off as the

tion Constant, together with the vari- idual pieces of app but a plate current becomes abnormally
auon of this S0 itk lov'ﬂ. With an increasingly positive
o , plate ag I = gnq the value of Mu falls away
and grid potentials, is of rapidly.
importance in determining the oper- / With a strong negative bias the
ating characteristics of a particular a » plite rasisinoniia of oonree;tbigh,
tube when u i VOIWe ampli- but this falls rapidly and becomes es-
fier. The Pla_te Resistance is A 7] sentially constant for positive values
ga S stincd thyitie geometct ] of grid voltage. On the other hand,
ca]‘ jFonRiuction and the X - the mutual conductance rises rapidly
emission of the tube, i _lhal'any de- 7 £ as the negative bias is reduced and
fect or abnormal vannn?n " lhese > : attains an -approximately uniform
factors g }:eadlly be dy by 1A | L value with the grid positive.
=413 G 5
constant. ;- Knowledge of the eratusl £ Figure B shows that the platetcur=
conductance of a tube is important i/ rent rimehh the filament l;mpcrl?-
in de ini its behavior as a ture ing sa ion at about the
power amplifier and as an oscillator. rated filament voltage of the tube.
To obtain such data it is necessary The amplification conatkanl:linﬁal maxi-
to supply an audio fi tone A mum at the lowest workable filament
lourc:.ppyrcfembly sinusoidal in char- A7 and falls off more or
acter, to the grid of the tube and to = = less uniformly as Ef is incwasch The
make use of certain balanced-bridge 7 plate resi
measuremel:hh. Three circuits for 1 J Ak duwn to 4.5 VOJ“ and t?cn rises with
measuring these tube are as the tis
shown on page 203 of Van der Bijl's cooled. 'nxe mutual conductance
text book “The Thermionic Vacuum T TIE IR AT AL curve, of course, exhibits a recipro-
Tube.” Beside the regular batteries cal characteristic.

qb
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For All PopularMakes
and Circuits

of radio receiving sels

P

Type 405 Plate Supply : -

MPROVED quality of reception, free from

anxiety caused by steadily deteriorating “B”
batteries is now possible thru the use of General
Radio—Raytheon Plate Supply.

This unit operates on 110 volt (60 cycle) A.C.
and provides voltages of 45, 90, 130 and 200.

Voltages are readily adaptable to all popular
makes and circuits of radio receivers by means of
fixed resistances which are tightly sealed from
dust and moisture, thus eliminating bothersome
and noisy tendencies of variable resistance voltage
controls. The unit is contained in a metal case
with attractive black crystalline finish, and has a
conveniently located A.C switch.
Price, with BH Raytheon Tube.... ... .. $46.00

Type 400 Power Ampli-
fier and Plate Supply

HE type 400 is similar to the above described

unit except that it has the additional feature
of a Power Amplifier and uses the UX-213 or
CX-313 Rectron tube as a rectifier instead of
the Raytheon.

A power amplifier in conjunction with the plate
supply permits the convenient use of a power tube
in the last audio stage, regardless of whether the
receiver may be operated by dry cell or storage
battery tubes—the filament current of the power
tube being supplied by A.C. from the secondary
of the rectifier transformer. The power stage
overcomes the tendency toward tube overloading
and removes the most common cause of distortion
in loudspeaker operation.

The plate supply provides voltages of 45 and
90 for the receiver and 180 direct to the power
tube, (UX-171 or CX-371) together with the
proper bias for this tube.

Price, without tubes i e $68.00

GENERAL RADIO COMPANY, Cambridge, Mass.

GENERAL RADIO o

INSTRUMENTS

Behind the Panels of Better Built Sets
_
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2 The first years of develop-
o ment in radio broadcasting
a were devoted mainly to the im-
i provement of the sensitivity and
= selectivity of the receiver. The
= best set was the one that could
E pick up a s?atlon perhaps two
3 thousand miles or more away,
]
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An Effective Method of

Measuring Amplification

By L. B. ROOT, Engineering Department

and amid tube hisses and
crashes of static, enable a care-
ful listener to discern the call
letters. Perhaps a moment
later the station had faded out
completely, but the enthusiastic
fan was happy in the knowl-
edge that his set was capable of
the unusual.

The trend of feeling toward
distant reception has changed,
and though there are many
exceptions, the great majority of
people are now content to listen to
the nearby stations.

This change was brought abcut
mainly by two things, the advent
of chain broadcasting and the im-
provement in quality at both trans-
mitter and receiver. The former
made it unnecessary to go outside of
one's immediate locality to listen to
a good program by well known art-
ists, while the latter gave such good
reproduction from the local stations
that more distant reception was de-
cidedly unsatisfactory from the view-
point of quality and certainty of
nearly constant volume.

These developments have made the
set manufacturer alert to design
speakers that would more faithfully
reproduce the studio program in the
home. In order to do this, the audio

Figure 1
The General Radio Type 355
Amplifier Test Set

frequency amplifier must do its part
in passing the detector output to the
speaker, increased in volume, but un-
distorted. It is here that poor quality
generally, but not always, originates.

The Associated Manufacturers of
Electrical Supplies were confronted
with the problem of obtaining
characteristic curves on transformer,
impedance and resistance amplifiers.
Several more or less satisfactory
methods were in use, each having its
advantages and disadvantages.
Roughly they were divided into two
classes, those methods which in-
cluded the tube in the measurement,
and those which did not. For simpli-
city, it was decided to eliminate the
tube, and use for comparison, curves
which showed the performance of
the coupling device only.

Of course, it was necessary that

operating conditions be closely
approximated if not actually
obtained, in order that com-
parisons might be fair.

The General Radio Type
355 Amplifier Test Set is built
around that idea and permits
the accurate determination of
performance. It is as simple in
construction and operation as
is consistent with correct re-
sults. It permits testing with a
resistance in series with the in-
put circuit of the coupling de-
vice which corresponds to the
plate impedance of any ordinary
tube, and the corresponding
direct current which that tube
would draw in use. The out-
put circuit carries a tube capa-
city not greatly different from most
tubes, and this may be increased by
adding a very small variable capa-
city if desired. Of course the sec-
ondary should not carry any direct
current, and this condition is made
certain by so designing the tube volt-
meter that it is impossible to take
amplification readings if the grid
takes current.

The Test Set is nearly <elf-con-
tained, having only a 6-volt storage
battery and the source of audio fre-
quency external to it. It may be
used with any audio source, either

variable or fixed in frequency. The
General Radio Type 377 Oscil-
lator is particularly suited to the
purpose.

The diagram on page 2 shows the
operation of the set when measuring
transformers.
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Figure 2

The audio frequency is applied
across the two resistances of 250 and
2500 ohms respectively. The pri-
mary of the transformer is connected
across the 250 ohm section, with the
variable resistance Rp in series to
represent the plate impedance of the
tube with which the transformer is to
be used. This may be 5000 to
25,000 ohms. The secondary is con-
nected to a UX 199 tube which is
being used as a tube voltmeter. A
six-volt storage battery supplies the
filament through a 45 ohm resistance,
giving three volts across the filament
and a three-volt negative bias on the
grid. Even with the comparatively
high bias and only 22.5 volts on the
plate, some current will flow and de-
flect the galvanometer G. To cor-
rect this the suspension of the gal-
vanometer is twisted so that it reads
zero with the tube lighted. When the
filament is out, the pointer goes off
scale below zero, of course. This gal-
vanometer is partlycalibrated, in that
the scale is marked to show the de-
flection obtained when one volt A. C.
is impressed on the grid of the tube.

The 2500 ohm resistance is a po-
tentiometer which has a direct read-
ing scale, calibrated from 0 to 10,
each main division corresponding to
250 ohms. The calibrated | volt
point on the galvanometer applies
only when the potentiometer reads
1. In this case it is obvious that the
voltage across the transformer pri-
mary (including plate impedance
Rp) is the same as that applied to
the grid of the tube, and when the
potentiometer reads 2, the voltage
input is .5, etc. With this relation in
mind, any reasonable input voltage
may be applied using only the one
known point on the tube voltmeter.

TRANSFORMER CHECKING

To check the amplification of a
transformer the procedure is as fol-
lows. Suppose that the curve is de-
sired at .5 volts input. Rp is set at
a value corresponding to the plate
impedance of the tube with which
the transformer is to be used. The
input frequency is set to a known
value, and with the switch on point

- +

A, and potentiometer scale reading
2, the voltage is increased until the
galvanometer indicates one volt.
Then the switch is thrown to T, so
that the vacuum tube voltmeter is
excited by the transformer secondary
and a certain galvanometer deflec-
tion is obtained. The switch is then

2500+
AAAAAAA
MWW
>

2

2500
AAAAAAAA

Figure 3
returned to A and the potentiome:er
adjusted to obtain the same deflec-
tion as while on point T. The poten-
tiometer scale reading now indicates
the voltage amplification directly.
The sensitivity of the galvan-
ometer is such that an input of more
than about 1.7 volts will throw it off
scale, and the grid of the tube will
begin to take current. With many
transformers, this situation does oc-
cur. This is remedied by cutting in
an additional adjustable bias at the
point X with a switch, permitting the
reading of amplification up to 10,

without any grid current being taken,
even though the voltage may be-
come quite high.

IMPEDANCE CHECKING

Impedance or resistance couplings
are checked in a similar manner but
with slight circuit changes.

A switch changes the input resis-
tance connections as shown in fig. 3
Since the potentiometer is calibrated
0 to 10, the readings are now one-
tenth of former indications and a
one-volt input is obtained with the
potentiometer scale reading 10. The
procedure is now the same as before.

If desired, direct current may be
used in the transformer or impedance
to determine its effect on the resul-
tant performance curve. Likewise,
a tube may be connected across the
secondary to determine the effect of
capacity.

Attention should be called to the
fact that the vacuum tube voltmeter
is used only as a transfer instrument,
so that changes in the tube charac-
teristics, or the running down of bat-
teries have no effect on the accuracy
of measurement. These things will
affect the calibration of the | volt
point, but even large percentage
changes of input voltage have little
effect on the resulting curve.

The Test Set finds its greatest use
in design work, either to determine
the proper coupling device to use
under certain conditions, or to de-
velop the coupling unit itself. The
rapidity with which points may be
taken, makes it easy to plot many
curves with only a small consumption
of time.

Figure 4 shows curves on various
transformer and impedances, taken

with the Test Set

1T
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Coil Calculations

By C. T. BURKE, Engineering Department

The experimenter has frequent
occasion to design air core tuning in-
ductances. As few have means of
measuring the inductance of such
coils after they are built, it is rather
important to be able to predict the
inductance of a specific coil, and
conversely, to design a coil to have
a given inductance.

The calculation of inductance for
iron cored coils is impossible unless
the permeability of the iron is known
under the conditions existing when
the coil is used. The design of air
core coils, however, is relatively
simple. Three variables are involved,
the diameter of the winding, the
length of the winding, and the num-
ber of turns. The generally accepted
formula for the calculation of air core
single layer solenoids is as follows:

0.0251 d*n*
L = ——————— K microhenries
b
d — diameter of the coil (in inches)
b = length of the coil (in inches)
n — number of turns
K — a constant depending on the
ratio of the diameter to the
length of the coil.

Inspection of the formula shows
that the inductance is inversely pro-
portional to coil length, that is, the
longer the coil, for a given number
of turns, the less the inductance. This
is due to the fact that in a long coil,
much of the flux surrounding wires at
one end of the coil does not link
turns at the other end. If inductance
were the only consideration, coils
should be bunched in the shortest
possible length, but the requirements
for low coil resistance forbids this.
The inductance is proportional to the
squares of both the diameter and
turns, that is, doubling either turns
or diameter multiplies the inductance
by four. Other things remaining
equal, a change in coil diameter may
be compensated for by a proportion-
ate change in the number of turns.

The effect of changes in coil dia-
meter and coil length are consider-
ably modified by the constant K,
which depends on the ratio of coil
diameter to coil length. K is an
empirical constant, i.e., is not a func-
tion of the coil dimensions, but has
been determined by experiment.
Since the value of K increases, as the
ratio of diameter to length decreases,
the constant tends to lessen the re-
duction of inductance as the coil is
lengthened.

For accurate calculations, a table
of the values of K is required. Such
a table is contained in Circular 74 of
the Bureau of Standards.* This book
contains a great deal of valuable in-
formation and formulae, and is worth
many times the price to anyone in-
terested in radio laboratory work.
Formulae are given for many types
of coils other than the single layer
solenoid.

The coil formula can be greatly
simplified by choosing coil dimen-
sions. If both length and diameter
of the coil are always the same, the
formula reduces to a very simple
form, depending only on the number
of turns.

For the standard General Radio
Type 277 form, wound full length,
the formula reduces to:

L (in microhenries) — n°x 0.000059

In order for this formula to apply,
the coil must be wound the full
length of the form, spaced if neces-
sary.

It is often convenient or necessary
to use a coil length different from
the 277 form. A chart (Page 4) has
been prepared, giving the solution of
the formula for the case where diam-
eter—2.75 inches. This chart will be
found sufficiently accurate for most
purposes. As it is nearly always de-
sired to design a coil to tune to a
certain wave length with a given
capacity, a chart for computing the
required inductance has been com-
bined with the inductance chart.

The inductance chart consists of
curves of inductance against turns
for various coil lengths. The induct-
ance scale runs to 600 microhenries
and 100 turns. The right hand scale,
running to 30 turns, may be used for
lower inductances. The inductance
scale is divided by 10 when using
the 1 to 30 scale of turns, that is, 64
turns on a 2-inch coil would give 240
microhenries, while 21 turns on the
same length coil would give 24
microhenries inductance.

The use of the charts is simple and
obvious. The inductance chart may
be used either to determine the in-
ductance of a coil already built, or to
give the number of turns required to
obtain a desired inductance. In the
former case, the number of turns
and the length of the winding are
learned. Project horizontally along
" #*Obtainable from the Superintendent

of Documents, Government Printing Office,

Washington, D. C. Price $ .60.

the line corresponding to the num-
ber of turns until the curve for the
proper coil length is reached, then
project vertically to the scale of in-
ductance. Thus, 40 turns, on a wind-
ing 114 inches long, gives an induct-
ance of |15 microhenries. For small-
er coils, use the right hand scale of
turns. When using this scale of
turns, inductance values read on the
scale must be divided by ten. Thus,
5 turns on a winding !4-inch in
length gives 4 microhenries induct-
ance.

In designing a coil, the desired in-
ductance and the length of the wind-
ing must be known. The procedure
is then similar to that for the deter-
mination of inductance. The table
of wire data accompanying this art-
icle will be found of use in calculat-
ing the coil length from the wire size.

TURNS PER INCH

A
. R
o o o= s °
o e ®LL O LS
N g = ] =2 |8
@ g 2 3 e | 3
w @ a @ =]
20 2827125 27 |-25

21 32 30127 30| 27

22 36 34 305 34 30
23 40 38 34 37 32
24 45 43 38 41 35
25 50 47 41 45 38
26 57 52 45 50 41
27 64 58 50 55 45
28 71 64 53 60 48
29 81 71 58 65 51
30 88 80 66 71|55

Considerable variation from the fig-
ures in the table may be expected,
depending on the tefsion under
which the coil is wound. Ifsit is
desired to wind a coil to tune to a
certain wavelength with a given con-
denser, the upper part of the chart
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is used. A scale of frequency is
shown beside the wavelength scale
for convenience.

Suppose it is desired to tune to
500 meters with a 350 MMF con-
denser. Project horizontally from
the 500 meter mark on the diagram
to the curve for 350 MMF. Project
down from the point of intersection
into the inductance chart, and find
that the turns required ranges from
45 with a V4-inch winding length to
72 with a winding length of 2 inches.

It should be possible to determine city and inductance scales also by
the winding length within a quarter 10. The right hand scale of turns
of an inch from the wire data, and is then used.
the coil is thus approximated within To find the turns required for
a turn or two. tuning to 60 meters, project hori-
The range of the chart may be ex- zontally along the 600 meter line to
tended by dividing the scales. Re- the 2500 MMF curve and down to
membering that wavelength is pro- the inductance scale (e.g., 2 inches
portional to the ‘square root of the winding length). Projecting hori-
product of inductance and capaci- zontally from the intersection to the
tance. it is obvious that the wave- Right Hand scale of turns, and find
length scale can be reduced to read nine turns required.
to 120 meters by dividing the capa-
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Design and Testing of
Supply Devices

Plate

|Editor’s Note : The following is the first of
two articles on plate supply devices. Each
article is complete in itself, but the second
article will be clearer if the first article has
previously been read, and if it may be at
hand for ready reference when reading the
second. The second article will appear in
the January issue of the Experimenter.]

I. Design

The manufacture of plate supply
devices for radio receiving sets in-
volves many problems of design,
production, and testing. It is the
aim of this article to acquaint the
readers of the Experimenter with
some of these problems and with
our methods of meeting them.

Design problems are to a great
extent affairs of theory and the lab-
oratory, where experimental models
are built and tried out to check
theory and develop finished design
preparatory to production.

Production problems are myriad
and never are at an end, but they
are of such nature as to be of little
interest to readers of this article.
Suffice it to say that varied means
must be found, and found quickly,

By P. K. McELROY, Engineering Dept.

to solve these production worries as
soon as they arise, in order to main-
tain the standard of the finished
product as well as sufficient volume
of production to meet market de-
mands.

Perhaps testing may be consid-
ered a production problem, since it
keeps up the standard of the finished
article and, paradoxical as it may
seem, speeds up production by
enabling correction of defects to be
made when correction is most easy,
i.e., before assembly is entirely com-
pleted. If, in reality, the subject of
testing is only a problem of produc-
tion, at least its size and its interest
warrant its treatment as a separate
field

Before proceeding to a detailed
consideration of design and testing,
it will be well to review briefly the
more important divisions into which

Part I—Design

fall the circuits of plate supply units.
Asking the indulgence of those to
whom these circuits are familiar, we
will briefly, so as not to be tedious,
offer to those not conversant with
these devices a simple explanation
of their schematic operation. Re-
ferring to figure 2,

(a) is the actual wiring of a typical
plate supply, and (b) is a schematic
showing the functions of the corre-
sponding divisions of the circuit (a).

The Transformer both heats the
filaments and furnishes stepped-up
high-voltage alternately to the plates

o

The Rectifier, through which cur-
rent can pass in only one direction.

is current, a pulsating direct cur-
rent of 120 pulsations per second
(for a 60-cycle supply line), passes
on to

This is a

The Filter.

“brute-
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force” or untuned filter. The pul-
sating D.C. delivered by the rectifier
is equivalent to the sum of an aver-
age D. C. and the superposed pul-
sating ripple or A. C. of a frequency
of 120 cycles per second. The D. C.
component goes through the filter
practically unchanged, being im-
peded only by the ohmic resistance
of the two choke coils. The pulsat-
ing ripple, however, is by-passed by
each filter condenser and held back
by each choke coil in turn until, at
the end of the filter, practically no
ripple is present in the output, which
is impressed across

The Output Potentiometer, which
apportions the total voltage in a cor-
rect manner to supply various vol-
tages as customarily required by
plates of vacuum tubes in receiving
sets. This division also contains
fixed condensers to by-pass around
the resistance of the potentiometer
the A. C. energy, either radio or
audio, from the receiving set. The
plate supply unit is, in effect, a “B”"
battery of quite high internal resist-
ance, and the by-pass condensers re-
duce the coupling between tubes
operated from the same voltage tap
by reducing the effective impedance
common to the plate circuits of
those tubes.

With this short resumé of the func-
tions of the various parts of a plate
supply unit, we proceed to consid-
erations of the design of a unit
having the following desirable gen-
eral features and characteristics:

1. Pleasing appearance.

2. Convenience of installation.

3. Economy of manufacture as
well as economy of space
occupied.

4. Safety.

5. Simplicity of operation and in-
stallation.

6. Load capacity.
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7. Freedom from hum and other
extraneous noises.

8. Flexibility or universality of ap-
plication.

9. Good quality of audio output
from receiving set or power
unit.

10. Permanence and long life.
These problems have been met
in our units as follows:

I. Pleasing appearance has been

striven for by making harmonious
the general external proportions and
mechanical design of the case and
by applying to the case a durable
finish which will harmonize well with
its surroundings.

2. The 110-volt supply cord and
the binding posts for external con-
nections have been arranged close
together on the rear of the instru-
ment to facilitate connection in the
least conspicuous place of the wires
leading to the unit. The switch,
however, is placed on the end of
the case so as to be readily acces-
sible.

3. The case has been made as small
as possible consistent with reason-
able ease in assembling parts and
soldering connections. The sockets,
resistance unit and audio trans-
former are placed in the rear or
open compartment, while the re-
maining parts—condensers, chokes,
transformers, etc.—are more easily
assembled in less space in the com-
partments which are later sealed
with wax. The final design repre-
sents a compromise between the two
aims, economy of space and manu-
facture.

4. Safety has been attained by en-
closing and shielding all parts in a
well-ventilated metal case which is
itself well insulated from the live
parts within. Protection from the
high voltages of the D. C. output is
obtained by the use of bakelite bind-

ing posts, the engraved tops of which
cannot be removed. Since these
plate supply units cannot supply
through their secondary circuits suf-
ficient current to burn out the fila-
ments of even 199 type tubes, should
the "B’ voltage by accident be ap-
plied across the filament terminals,
care has been taken to insulate well
the primary coil from the secondary
coils so that there is no chance for
the great primary energy to flow in
secondary circuits, to the danger of
filaments.

5. Installation involves only the in-
sertion of tubes into the correct
sockets, the connection of the sup-
ply cord to a 110-volt 60-cycle line,
and the connection of the various
binding posts to the corresponding
terminals on the receiving set. Opera-
tion involves only the turning on or .
off of the 110-volt supply switch.
Simplicity of operation is due to the
use of a fixed resistance across the
whole output of the filter circuit,
tapped at the correct points to supply
the various "B voltages commonly
used. These resistance taps are so
proportioned that the voltage at any
tap is, under all normal load condi-
tions, near enough to the nominal
voltage for all practical purposes.
The elimination of variable voltage
controls simplifies enormously the
operation of the unit. Also, where
tubes with filaments are used, correct
voltages are applied to the filaments
directly, eliminating filament rheo-
stats that require adjustment. Thus,
once installed, the unit may be for-
gotten, except to be turned off and
on, and, nowadays, even that may be
accomplished automatically by the
use of a control relay (many of which
are now on the market) actuated by
the filament current from the “A”
battery.

6. Load capacity, subject to limita-
tions of rectifier tube ratings, is in-
sured by generous proportions of
power transformer coil and core,
choke coils and cores, and resistance
units.

7. Freedom from hum, even under
heavy current drains, demands good
choke coils of large current-carrying
capacity (i.e., free from magnetic
saturation at high currents) and al-
lows no skimping of condenser capa-
cities in the filter circuits. Enlarging
the capacity of the last condenser of
the filter is most effective in reducing
hum in the output. The use of full
wave rectification, i.e., rectifying
both halves of the alternating cur-
rent wave, produces better filtering
action since the fundamental fre-
quency of the pulsations is 120 in-
stead of 60 cycles, and the higher
frequencies are better removed by
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the filter. Noises common to vari-
able resistors of the carbon type
(the only kind practicable to cover
the range necessary if a variable re-
sistor is to be used in a plate supply
unit output circuit) are eliminated
by use of fixed wire-wound resist-
ances, in which only the best of re-
sistance wires are used.

8. Flexibility of application of the
unit demands good regulation of
voltage at all voltage taps, i.e., the
voltage must vary as little as pos-
sible with the current drawn from
the unit. Good regulation of the low
voltages in the output circuit can not
be had unless the total voltage from
the filter as applied to the output
circuit has itself good regulation.
The use of full-wave instead of
half-wave rectification and the
proper distribution of a sufficient
number of microfarads in the filter
circuit combine to improve very con-
siderably both the voltage output
and the regulation of that voltage.
Large capacity of the first filter con-
denser following the rectifier is most
important for obtaining high voltage
and good regulation from the filter
output. Good regulation of the
lower voltages in the output circuit
is obtained by properly designing
the resistances of the potentiometer
across the output so that the varia-
tion of the voltage at any tap from
no load to a maximum is small, and
the voltage is at no time very far
different from its nominal value. In
general, the smaller the resistance
across the output, the better the volt-
age regulation of the various taps,
but there is a happy medium beyond
which too large a proportion of the
output is diverted through the re-
sistance and too little is available
for “B"" supply. In general, we have
followed the principle of making
voltages high rather than low, real-
izing that the high voltage can easily
be cut down by the use of an ex-
ternal resistance in series with the
load across any tap which may be
high, while there is no remedy what-
ever if the voltage across any tap
is very much too low. With this end
in view the output potentiometer has
been designed and the high trans-
former secondary voltages have been
made as large as tube ratings will
allow.

9. Good quality of audio output
and freedom from receiving set os-
cillation is obtained by placing a suf-
ficiently large by-pass condenser be-
tween each “B plus” tap and the
“B minus” lead. Large capacity of
the last condenser of the filter is im-
portant to maintain quality of repro-
duction. If the capacity is too small,
currents of low frequencies in the

power tube, which must be large if
they are to actuate the loudspeaker
audibly, are liable to modulate the
output of the whole unit, thus spoil-
ing the quality. In the power ampli-
fier units it is also found that a by-
pass condenser across the biasing re-
sistance of the amplifier tube is nec-
essary in order to achieve best qual-
ity of reproduction. In accordance
with present accepted practice, the
input to the power amplifier tube is
through a good audio transformer
and the output through an output
transformer or speaker filter to re-
move the D. C. component of the
plate current. It has been found
also that better results and quality
are obtained when the power ampli-
fier has a separate feed circuit across
the output in parallel with the output
potentiometer. We have also found,
as described in the accompanying
article on page 4 by Mr. Lamson,
that biasing by using the voltage drop
across a resistance in the plate
circuit gives superior results by com-
pensating somewhat for changes in
plate voltage due to different load
conditions on the unit.

10. Permanence and long life of the
unit mean satished owners and a
saving of expense to the manufac-
turer for replacements and repairs.
Great care in manufacturing is nec-
essary to prevent failures in service.
Non-corrosive fluxes must be used,
soldered joints must be firm mech-
anically and of low electrical resist-
ance, and the whole assembly must
be kept clean of bits of metal, solder,
or the fine cut-off short ends of
stranded lead wires, so that trouble-
some short circuits may be avoided.
Surplus flux must be wiped off of
joints to prevent corrosion and ap-
pearance of slovenly workmanship.
Waxes used for sealing uncased parts
must have sufficiently high melting
points so as not to melt under the
heat developed in continuous service
and must not be heated so hot when
being melted as to become carbon-
ized or to injure the paper condens-
ers when poured around them. All
leads between parts must be well in-
sulated from the case, cores, and
each other. Perhaps the most care
is required in the selection of the
paper condensers since the failure of
only one condenser (out of six or
eight in a unit) is sufficient to render
the whole unit useless. This makes
it imperative that condensers having
a large factor of safety be employed,
and that they be handled carefully
to prevent their contamination by
moisture or soldering flux, or injury
by mechanical abrasion before they
are finally hermetically sealed into
place.

Simple Method for In-
creasing Voltage at
45V Tap Where
Current Drain

is Heavy

Several cases have arisen of sets
having an unusually heavy drain—
5 to 10 milliamperes—on the 45-
volt terminal which were not prop-

erly handled by the G. R. power
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CONNECTIONS FOR M/\/\,]

RAISING VOLTAGE ON
5000-25000
45 VOLT TERMINAL OHMS

units. This situation is very easily
met by means of a resistance con-
nected as shown in the above dia-
gram. This should have a range of
5,000 to 25,000 ohms. A resist-
ance similarly connected between
the highest voltage output (B plus
terminal or output transformer) and
the 90-volt terminal may be used if
this terminal must carry an abnor-
mal load.

A fixed resistance may be sub-
stituted for the variable one when
the proper value has been ascer-
tained, in order to keep the unit
quieter.

On plate supply units having a
130-volt tap, the voltage on the 90-
volt tap will be affected less if the
variable resistance is connected be-
tween the 45- and 130-volt taps.

Correction of Error
in November Issue

November Experimenter, Page 4,
Column I, for 500 meters, read 500
kilocycles (600 meters). Column
4, last paragraph should read “To
find the turns required for tuning to
60 meters with a 250 MMF con-

denser, project to, etc.”

NOTICE TO RADIO EDITORS

Inasmuch as our permission has
been requested by several radio
editors to publish material con-
Erinedlin vaio s o GaloE the “Ex
perimenter,”” we wish to make this
announcement.

Permission is hereby granted to
radio editors of newspapers or mag-
azines to reprint any or all of the
material contained in this monthly
publication, provided due credit is
given the General Radio Company.
Photoprints of any of the illustra-
tions and diagrams will be sent on
request free of charge to recognized
radio editors.
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Biasing the Power Amplifier
Tube from the Plate Supply Unit

By HORATIO W. LAMSON, Engineering Department
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After the radio fan has banished
the need for "B batteries by the
use of some form of plate supply or
“B" eliminator he becomes seized,
perhaps, with the desire to do away
with the “C” batteries, especially
those of relatively high voltage re-
quired to bias the power tube in the
last stage of the audio amplifier. If
the plate supply outfit is capable of
providing an over-all voltage equal
to the normal plate voltage of the
tube plus the required grid-bias volt-
age, this may readily be accom-
plished, provided a separate source
of power is at hand for heating the
filament of the power tube.

The circuits and equipment for
doing this are indicated schemati-
cally in the figure. PS represents
the terminal panel of a typical plate
supply unit. is the power tube
in question, for which Tl is the cus-
tomary input transformer. SF is a
speaker-filter in the plate circuit of
the tube to keep the direct current
from passing through the loud-
speaker LS. This filter may consist,
perhaps, of a thirty henry choke
used in conjunction with a 2 MF
condenser, or it may be replaced by
an output transformer which will
serve the same purpose.

An ordinary bell ringing trans-
former, T2, connected to the A. C.
house mains, may be employed to
heat the filament of the tube, using
a suitable rheostat, Rh, to control
the filament voltage. In this way no
storage battery is required for the
power tube, which makes it possible
to add a stage of power amplifica-
tion directly to a radio set employing
only dry cell tubes.

Directly across the filament ter-
minals are connected two resistances
in series, Rl and R2. ese may
be from thirty to fifty ohms each.
Their exact value within this range
is immaterial but it is essential that
they be closely equal to each other
so that their center point is “‘equally
distant” from the tube filament ter-
minals. Between this center point
and the B- terminal of the plate sup-
ply a third resistance, R3, is con-
nected. This is known as the “‘bias-
ing resistance’ and it should be di-
rectly shunted with a condenser “'C"
of 1 MF capacity.

Examination of the figure will
show that the plate emission current
of the tube is obliged to pass through
the resistance R3, and that the loca-
tion of the grid return is such that
the grid will be biased negatively
with respect to the center of the fila-
ment, by a voltage very closely equal
to the IR drop of the plate current
through the resistance R3. In other
words, the tube is biased by its own
plate current. This is advantageous
in that any change in plate voltage
is compensated by a proportional
variation in grid bias, thus maintain-
ing automatically the correct rela-
tion between the two.

The by-pass condenser C is de-
sirable to reduce the A. C. coupling
between the grid and plate circuits
of the tube, due to the resistance R3,
which is common to both circuits.

The value of the biasing resistance
depends, of course, upon the tube
used and the voltage available at
the plate supply terminals. By in-
serting a milliammeter at A the bias
may be computed as described
above or it may be measured di-
rectly by means of a high resistance
voltmeter connected across the ter-
minals of R3. If desired, this re-
sistance may be an adjustable unit
having an operating range of 500
to 5.000 ohms.

In general, it is not advisable to
attempt to bias any but the last audio
tube in this manner. Other tubes
requiring a biasing battery should be
provided with dry cell units. These
tubes rarely require more than a few
volts, which may conveniently and
economically be supplied by small-
sized flash light cells which, since
they supply no current, will last
throughout their normal shelf life.

A “Rock-Bottom”
Standard

The importance of keeping all
radio stations exactly on their as-
signed wavelengths has become
vital. With the great number of
stations operating at present, there is
no vacant space between their as-
signed waves, and if a station is off
its assigned wave it is interfering
with another. The resultant effect
is most unpleasant, as any of us can
testify.

To help in the relief of this acute
situation, the General Radio Com-
pany has designed an instrument
known as a Piezo Electric Oscillator,
the operation of which depends on
a plate cut from a quartz crystal.

It has been discovered that when a
plate, cut and ground from a
piece of quartz crystal, is properly
connected in a vacuum tube circuit,
the quartz absolutely controls the
oscillating frequency of the circuit.
The quartz can be ground to any fre-
quency (wavelength) desired, and
is as unchanging as the rock from
which it was cut.

The instrument shown above is a
commercial adaptation of this prin-
ciple. It consists of a quartz plate,
and the necessary tube circuit,
mounted in a cabinet. By means of
this instrument, with a plate ground
to the wavelength at which the sta-
tion operates, its wavelength may be
kept very constant, checking it fre-
quently against the standard. A
number of the larger broadcast sta-
tions are using this system to keep
from straying over the fence of their
frequency channel. A few stations
have gone further and are using the
quartz plate to control their trans-
mitter directly.

The adoption of quartz standards
promises much for the elimination
of interference due to stations being
off their wavelength. The older
types of wavemeters were easily
thrown out of adjustments by tem-
perature changes and sometimes the
calibration was affected by the treat-
ment received in shipment. The
quartz plate standard elminates both
of these difficulties.



