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Biography of Edward H. Loftin

Edward H, Loitin was born in Montgomery,
Alabama, in 18 Following his graduation
from Annapolis, he entered the navy. As a
Lieutenant Commander he began s ecial work in
electrical communication. In 1915, following
further studies at Annapolis, he was assigned to
Rloneel‘ development of radio for aircraft for the

avy., During the World War he served in
France as radio and communication officer, and
was a member of the Inter-Allied Radio Tech-
nical Committee. At the end of the War he

continued his investigations and research in the:

United States. Today he is recognized as a
patent expert—in which capacity he materially
aided B, F. Mi and a t contributor
and worker in the field of radio research. Most
of his work is now carried on in the Loftin-White
Laboratory.

Biography of S. Youg White

S. Young White was born in New York City

in 1901, When he was sixteen years old he
entered the Electrical Research Development
field in the test department of the General Elec-
tric Company. There followed several years of
varied and helpful experience in electrical and
radio operations and practice, with this and other
companies. In 1924 he became associated with
Edward H. Loftin in the Loftin-White Labora-
tory of New York. Here he experimented with
electrical communication research and develop-
ment. He is particularly well-known for his
work in connection with the Loftin-White sws-
tems of non-reactive plate circuit for preventing
oscillations in tuning radio frequency amplifiers
and constant coupling. His work on direct-
coupled amplifiers and detector-amplifiers has for
some time created great interest among technical
men.
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LOUD SPEAKER RECEIVER

Muakes its Bow

First of a Series of Articles Describing a
Radically New Circuit Which Groes
Astonishing Results

By Edward H. Loftin énd S. Young White

MPLIFICATION of audio frequen-
cies has heretofore been accom-
plished either by the transformer
or by resistance coupled meth-

ods. This article is the first of a series
describing another system which, although
also of an early origin, has been lying
dormant.

The system referred to is the direct-
coupled type in which the plate of one
tube is directly connected to the grid of
an adjacent tube, with no transformer or
condenser between, thus providing a sys-
tem capable of both ampliﬁcation and
detection-amplification.

It has long been recognized as the
soundest system of the three theoretically,
but as possessing certain drawbacks which
had to be overcome before it could be
brought into general use. In spite of this,
however, laboratory use has been made of
this system in cases where amplification
with minimum of distortion was so neces-
sary as to justify the extreme inconven-
ience of operating the system.

Some of these difficulties of operation
we described at length in a paper deliv-
ered before the Institute of Radio Engi-
neers and published in its Proceedings for

Some of the

Loftin-White

Laboratory
equipment

March, 1928, We called particular atten-
tion to a tendency toward what might be
termed “drifting,” and described auto-
matic methods for controlling this drift.
We also discussed operation of the tubes
at very high plate impedances, and very
low plate currents, and consequent advan-
tages.

Our direct-coupled system adapted to
battery operation was described and dis-
cussed in the August, 1928, issue of
Rapio NEws (p. 146).

Some time before the delivery of the
Institute paper, development work had
been undertaken to make the system en-
tirely a.c. operative, and it is our purpose
to describe in a series of articles to follow
in Rapio News the difficulties we met and
how they were overcome.

The first difficulty encountered was the
lack of commercial hi-mu a.c. tubes, thus
necessitating the carrying on of work with
experimental tubes designed to our speci-
fications. Both the heater type and the
filament type, some of the latter operating
with as low as 24 volt on the filaments,
were used.

Since the amplification of the system
was as high at 60 cycles as at other fre-
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quencies, it was anticipated that consider-
able hum difficulties would arise in a.c.
operation. Not only did these difficulties
materialize, but in addition various inci-
dental hums, usually obscured when the
tubes are operated at normal impedances,
proved noticeably annoying when operat-
ing at the very high impedances and very
low plate currents which we used.

An entirely new series of automatic
drift control arrangements particularly
suitable for a.c. operation was developed.

Another difficulty was a motor-boating
tendency, emphasized by improperly de-
signed drift correctors, and which we had
to overcome without resorting to the large
condensers usually relied upon for such
work.

There is also a form of blocking pe-
culiar to direct coupling and known as
trigger action. This effect, while fatal to
the use of direct coupling as an amplifier,
was ingeniously employed by Minorsky to
form a supersensitive circuit breaker.

In secking solutions for the above diffi-
culties, a primary limitation was neces-
sary in order to keep material cost at a
minimum. The accompanying photo-

Another view of the amplifier. At

the left is the screen-grid detector.

Center: 245 amplifier.
wave rectifier

Right: full-
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The Loftin-White direct-coupled amplifier with
tuner, making a complete self-contained a.c. receiver
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graphs, showing the extremely small size
of completely a.c. operated amplifiers and
detector-amplifiers, clearly show how suc-

Can you figure out the
constants of this new
circuit? They will be

cessfully this was
accomplished.

We were able to
discount these dif-
ficulties from the

given in the February
number

THE authors of the accompanving article are men who have
devoted most of their lives to radio research. Commander
Loftin was appointed to the U. S. Naval Academy from the
State of Florida, -in 1904, and was graduated in 1908. He began
specializing in electrical communication in 1910, and since that
time has held many important posts, some of which include:
Radio OMicer of the U. S. Naval Aviation Forces in France
during the war, with headquarters in Paris; Technical Represen-
tative of the Navy Department in the negotiation and arrange-
ments for the construction of the Navy’s tremendous transmit-
ting station near Bordeaux. He has been in charge of the U. 5.
Naval Radio and Sound Signalling Research and Development
in the Bureau of Engineering at Washington.

Mr. S. Young White, the co-author of this article, began his
radio research work in 1917 when he entered the Electrical
Research and Test Department of the General Electric Company
at the age of 16. At that time he assisted the famous Mr. Hoxie
in the development of various types of sound reporting and sound
reproducing equipment. Since then he has developed, with
Commander Loftin, a group of radio circuits which have been
patented. Some of these patents were recently sold to the Radio
Corporation of America.

The latest development from the Loftin-White Laboratory
receives its introduction to the world in general in the accom-
panving article. We have witnessed radio demonstration of all
kinds, but we feel free to admit that the demonstrations of
equipment which we have seen at the Loftin-White Laboratory
are completely revolutionary in character, and we feel that our
readers also will be pleased to know that a complete description
of the various applications of the circuits developed by Loftin
and White will appear in a series of exclusive articles in forth-
coming issues of Rapro NEws.
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beginning, because we saw some very
promising advantages. Chief among these
was our ability to balance out, through
“hum-bucking,” not only the fundamental
hum currents, but also all harmonics, an
impossible accomplishment in any system
employing either phase distortion or wave
form distortion.

The frequency range of amplification is
astonishingly large when screen-grid tubes
are used, running with gradual attenua-
tion from a few cycles, depending on the
time-constant of the particular drift-cor-
rector, to a point where amplification
ceases—at about three million (3,000,000)
cycles. The high frequency end is ex-
tended {o this astonishing limit by the
screen-grid tube, which does
not allow the capacitatively
reactive plate circuit to cause
degeneration through the tube
capacity.

Very high amplification per
tube is obtained, averaging
about 100 per stage. Due
to the absence of iron in
the system, we have to shield
only electrostatically against
hum and stray pick-up, so
that we can make the appa- |
ratus extremely compact with |
no hum pick-up.

When the system is used }
as a detector-amplifier, it au- |
tomatically alters from an [
extremely sensitive condition
when no carrier wave, or
very weak one, is impressed
thereon to a heavily biased

®
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(10 to 20 times initial) power handling
condition for strong signals. This biasing
is automatically regulated by, and in con-
formity with, the strength of the carrier
wave itself.

In detector operation the shield grid
tube prevents reverse feed-back of the
radio frequency from the plate circuit, so
that its load on the tuned input circuit is
very small. This permits a much higier
resonant voltage rise than with the nor-
mal detector and a consequent increase in
sensitivity and selectivity, as viewed from

The Loftin-White three-stage direct-
coupled audio amplifier and power
supply, including full-wave rectifier

Rapio NEws ror Jaxvary, 1930

the plate circuit of the preceding radio-
frequency tube or antenna circuit. The
system, comprising but two tubes and op-
erated from either an antenna or a pre-
ceding radio-frequency tube or tubes, has
the same order of sensitivity as the grid
leak detector and two-stage transformer,
coupling three tube systems without the
detector overloading features of the
latter.

We shall cover more or less specifically,
in our succeeding articles. applications
with numerous special and beneticial fea-
tures, such as detector-amplifiers for radio
receivers; a very high gain, distortionless
amplifier suitable for photo-electric cell
operation; a phonograph am-
plifier; a broad-band ampli-
fier for television; and an
amplifier for modulation am-
plification for transmitting.
In connection with transmit-
ter modulation, we can over-
load a quarter kilowatt tube
from an ordinary 224 screen-
grid tube. Many other uses
will of course be suggested or
become apparent.

The photographs shown in
connection with this article
give some idea of the small
amount of apparatus required,
especially for high gain op-
eration. Further. they illus-
trate the compactness which
will undoubtedly characterize
receivers not of the coming
season alone, but of the
future.


https://www.theaudiofeast.com/

|TheAudioFeast.com|

Rapio News ror Femrvary, 1930

The
Amplifier

New direct-coupled audio
Jfew cycles to over 3,000,000
" and requires no interstage

704

By Edward H. Loftin

Top view of a compact three-tube power am-

plifier-power supply device of the direct-coupled

type, showing layout of the parts. The circuit
is shown in Fig. 1

VT4 (224) VT 2(250)

articles covering a.c. operation of direct- LS.
coupled cascaded tube systems we deem
it desirable to first include a brief state-
ment of the problem as we view it so far as
audio amplification and detection-amplification
are concerned.
In anv audio amplifier or detector-amplifier -~ Ri
the following characteristics require attention:
1, frequency discrimination; 2, wave-form dis-

I N beginning the second of our series of

IP

R1 RS R&

tortion; 3, hum, if a.c.-operated; 4, reason- ! =] +

able gain from the tubes used: 3, cost; 6, _ i I

manufacturing tolerances. - 1 MFD. L |
In a.c. operation of direct-coupled cascaded 4V 2 MFD, 20 HENRYS [

1. Maintaining the operation of all tubes at 000000
v, PT =———=

the midpoint of their operating or output cur- - .
w

tube systems the characteristics depend upon ~“—
RT

or are illﬂuenced b}" the fO“O“-'ing features: "—K)O‘f—b[
281 -

rent curves. or what may be termed stabilizing
against “drift” tending to arise from (a)
changing tubes (they are not all alike), (b)
change of constants or conditions due to (a')
aging of resistors, {b') temperature coefficient
effects in resistors, (c') line voltage

modifications, (d") grid emission from

tubes, (e') gas current in output tubes, Fif. 1—Here is the
(") manufacturing tolerances. d"e‘[‘?ﬁco“plef LR _

2. Feedback phenomena at audio fre- ampl’ e’c.*':uitp‘::if[‘; A s i LN
quencies; 3, the hum problem; 4, motor- ::ﬂfeg oi’rpmts — ‘\. \\
boating: 5, trigger action; 6, maximurm ployed as follows: 300 ;
gain of tube: 7, providing current for  VTI, —24 tube; VT2, Re
auxiliaries, such as speaker field. and _3p tube; R1, 5.000 Y4 MEG. A
8, increase to very high gain, such as  ohms; R3, 25.000 410 MEG.
that required by photo-electric cell ohms; RS, 190,000 200 Y
operation. ohms; R6, 300,000 e

Since the direct-coupled cascaded sys- ohms; Re, Y meg-
tem is usable as a most effective detec- ©ohm; P, 400 é’;’msé
tor-audio amplifier, it is well to keep in  ©hbs ézm{dr.r;fd an 100 -L ZOH.
mind the following desirable features of ! :
which the system is capable in additicn 4MFD.
to those listed above: Fig. 2—Two curves Eo ¥

1. Low grid bias for weak carrier cur-  which illustrate the Eo
rents and high grid bias for strong car-  direct - coupled am- ° & W | 1
rier currents, automatically self-adjust- ?I_l;gz';;cyﬂ“;essg::;
ing.

2. Supply of potentials for the radio- g;e:;oa lb(?ggooiyf:g? '
frequency tubes sufficiently filtered to The insert circuit
prevent modulation hum. shows the output 2 = g g 9 o

For those of our readers who may system emploved in ~ w o 3 8
wish to construct an a.c-operated direct- obtaining these CYCLES e
coupled amplifier we shall outline the curves
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Steps

circuit covers range of
—7s of simple design
coupling apparatus

and S. Young White
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Transformer, tuhes, resistances and condensers,

all compactly arranged . and there you
have the Loftin-White direct-coupled amplifier

AT VT2

details of a system which we have found

=]

I %
i it J

to give highly satisfactory audio amplification
and detection-amplification results. The sys-
tem is diagramatically shown in Fig. 1.

30000 )
r
w
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Forget Former Conceptions on Audio
Amplifier Theory

In preparation for following our discussion
of direct-coupled systems we suggest that the
reader relax from his current conceptions and
practical knowledge of tube and circuit char-

R3

T

Ve WQA

TO RECTIFIER
AND FILTER

"-’I-""

acteristics and operation effects familiar in
other systems for the reason that there are
many occurrences and effects in direct-coupled
systems which materially broaden our appre-
ciation of tube and circuit operation and
which. at first, may seem radical and perhaps
questionable. We have only adjusted ourselves
1o these attributes through repeated verifica-
tion of the results accompanied by persistent

+

analyses for the causes.

q Truly embracing a new amplification
theory, the Loftin-IVhite direct-coupled
amplifiers undoubtedly will bring about a
revision of accepted amplifier principles.

QUiilizing only two tubes, and a rectifier in
the poscer supply unit, tremendous ampli-
fication, combined with a signal [requency
response which is amazingly flat over a
wide frequency range, is obtainable with
the direct-coupled system.

€ Compactness and simplicity of construc-
tion, almost beyond description, character-
ize these new amplifiers which bid fair to
exert a deciding influence over future re-
ceiver design.
THE EDITORS.

The Circuit’'s Constants

Fig. 1 15 a simple Z-lﬁlJe system

Fig. 3—The sensitive ] _
comprising a -24 screen grid tube

handling of weak sig-

nals and the power-
ful handling of strong
signals in the so-
called power - detec-
tion circuits is aided
materially by the
adaptation of the
drift-corrector and
automatiec bias ar-
rangement as shown
in the above circuit

(having a mu of about 400) as input
and a -50 power amplifier as output,
supplied from a single-wave -81 recti-
fier. The power transformer PT should
deliver about 700 volts to the -81 rec-
tiier.  The flter comprises a single
section having condensers of 2 micro-
farads and 1 microfarad spanning a
choke having about 20 henries under
load, connected as shown.

The poiential developed by the flier

is about 6350 volts at 30 milliamperes.

400 volts of this being applied across the plate impedance of

the 250 output tube through selecting the resistance of the arm

R1 (about 3,000 ohms) to develop a potential of 250 volts at 50

milliamperes. A condenser. C2, of about 1 microfarad is needed

to form a local signal circuit in the output circuit including
association of any suitable loud speaker as indicated.

A coupling resistance. Re, of 4 megohm. capable of standing
the small current of 730 microamperes. is suggested for the
present Fig. 1, though in later articles of the series we will dis-
cuss wide variations in resulls securable through changing the
value of Rc all the way to megohms. We also suggest 25,000
ohms as the value of bias resistance R3. but in later articles
will comment on changes of value at this point. Tilter con-
denser C1 should have a value of (Continued on page 763)
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(Continued from page 703)

about 1 microfarad, a low-voltage con-
denser being altogether satisfactory.

For hum elimination by bucking, the
potentiometer P of about 400 ohms is in-
serted in arm R1 far enough from the
negative leg of the filter to leave a full
45 volts for the screen-grid connection as
shown. The potentiometer contact arm
is connected to the cathode of Tube VT1
through a condenser Chb of some value
below 1,/10 microfarad, selection of the
value of this condenser being such that
the hum minimum is had with an approxi-
mate mid-point setting of potentiome-
ter P.

We have planned Fig. 1 to operate with
180 volts on the plate of VT1 and a like
difference of potential across Rc to have
what we term ‘“‘symmetrical operation,”
which is nothing more or less than match-
ing internal and external output impe-
dances. Operation with much smaller
potential will be pointed out in later
articles. Since we have provided for only
250 volts total in arm R1, 110 volts more
is needed to come up to the required
double of 180 volts, or 360 volts. com-
bined plate potential for VT1 and drop in
Rc. This we acquire by inserting high re-
sistances R3 and R6 (100,000 and
300.000 ohms respectively. for example,
the matter not being a critical one) and
connecting Rc to the junction point be-
tween them as indicated. thus adding the
100 or more volts of R3 to the 250 volts
df RI1.

Since the 230 tube VT2 does not need
as an operating grid bias the full 180
volls across Rc. the opposing 110 volts
or more of R3 nicely cuts this potential
down to a desirable 70 volts. thus meeting
250 tube operating requirements. It is
to be noted that the total of 400.000 ohms
of R5 -+ R6 prevents increase of current
drain on the filter beyond 1 milliampere.

In the beginning of the present article
we referred to an effect we term “drift”
in cascaded direct-coupled systems. and
pointed out many sources of the tendency.
In our article in the March. 1928, Pro-
ceedings of the Institute of Radio Engi-
reers, the effect was discussed in detail,
While we have devised a number of ar-
rangements effective for drift prevention,
which will be described in future articles,
the drift-preventer of Fig. 1 is decidedly
effective and most interesting. It func-
tions as follows:

Circuit Is Self-Regulating

The combined plate current and screen
grid current flow from VT1 through R3
develops a negative potential available
for the grid of VT1, and with R3 about
25,000 ohms as previously given this po-
tential may be about 23 volts, This is
too much initial bias, and is accordingly
reduced to an initial approximate 2 volts
by connecting the grid-return to a point
about 23 volts positive on R1 as shown
in Fig. 1. If all constanis and potentials
of the system have been carefullv selected
as previously set forth, this initial bias
will now establish the plate current of
VT2, and therefore the current through
arm R1, at about the 50 milliamperes that
indicates operation at the midpoint of
V'T2's output current curve.

Now considering, for example, the worst

encounterable cause for tendency to drift,
that is, the impressing of a strong carrier
current on the input of VTI1, the result
is a rectifying action tending to increase
the plate screen-grid current of VTI.
This increase of current tends to increase
the potential across Re, and therefore the
negative bias on VT2, resulting in a ten-
dency to lower the output current of VT2
and consequently the current in arm R1,
the tendency lasting so long as the car-
rier is impressed. For correction oppos-
ing this drift tendency, however, we have
the increase of combined plate and
screen-grid current through R3 tending
to increase the negative potential devel-
oped in R3 and, at the same time, the
tendency for lower current in R1 to lessen
the positive potential of the point in R1
to which the grid of VT1 is connected.
That is. the correcting change of grid bias
on VT1 is developed differentially, and at
a greater rate than the change of current
through R3-alone, so that drift cannot
proceed very far before being arrested
with a round turn, so to speak.

Summarizing this effect, it is seen that
the correction svstem provides for start-
ing with an initial low bias most sensitive
for weak signals and automatically con-
verts itself into a varving degree power
handler as called upon to do so through
increase of strength of incoming carrier.

It is obvious that a drift corrector so
effective for carrier current i$ more than
adequate for correction of the milder
drift tendencies arising from changes in
line voltage and manufacturing tolerances
in tubes and resistors, previously men-
tioned.

How to Use the Circuit

To use the system of Fig. 1 the indi-
cated input IP may be either a tunable
circuit coupled to an antenna or the out-
put of a radio-frequency amplifier, or
may be an audio-frequency device, such
as a phonograph pick-up including a vol-
ume control. The phonograph pick-up
should be insered directly in the input
circuit, and not through a step-up trans-
former.

We lay particular stress upon the fact
that the system imposes negligible load on
a tunable input circuit. so that damping
is extremely low compared to other de-
tector systems, and selectivity high. For
‘his reason we also caution that if a neu-
tralized radio-frequency system is placed
in advance of the system of Fig. 1 it may
be found not adequately stable under the
light load if originally stabilized for
operation with a heavier loading detector
system.

Svstem’s Effectiveness
Graphically Shown

The two graphs of Fig. 2 give some
idea of the effectiveness of a simple 2-
tube system such as that detailed in con-
nection with Fig. 1. The logarithmic ab-
scissae and linea ordinates show the meas-
ured and plotted voltage gain throughout
the entire audio range, the upper graph
heing for a ¥4 megohm value of Rc as
specified for Fig. 1, and the lower graph
being for a reduction of Rc to 1,/10 meg-
ohm along with other modifications which
will not be taken up at the present time.

( Continued on page 764)

“Here at last is THE BOOK
that we of the Radio profes-
sion have needed for a long

time. It is the best and most
complete handbook ever pub-
lished,” says J. H. Bloomen-
thal, Chief Radio Operator,
U. 8. 8. B. Steamship “East
Side.”

A New Edition

Complcete new chapters on aircraft radio equip.
ment; I'ractical Television and Radiomovies
with instructions for building a complete out-
fit; radio interference; 100%% modulation;
latest cquipment of the Western Electric Co,;
the Marconi Auto-Alarm System; and many
other developments of the past vear. All this
information i1s added in the new edition and,
besides, the entire book has been brought right
uf to date with much ncw material. The Radio

Menunal continues to_be the one complete and
up-ta-the-minute handbook covering the entire
radie field.

A Handbook
for
Students
Amateurs
Operators
Inspectors

20 big chapters
cover: Elementary
Eleciricity and
Magnetism; Mo
tors  and  Gener
ators; Storage
Batteries amnid
Charging Circuits;
TheVacuum Tube:
Circunits Employed

1 in Vacuum Tube Trans
Y mitters: Modulating Sys.
: {Q: tems and 1009 Modula
g tion; Wave-meters; 1liezo.

: JElectricOscillators: Wave
Traps; Marine Vacuum Tube Transmitters:
Radio Broadcasting Eyuipment; Are “Urans.
mitters: Spark Transmitters; Commercial Ra-
dio Receivers; Jarconi Auto-Alarm:  Radia
Eeacons and Direction Finders; Aircraft Rad'o
Equipment: Practical Television and Radin.
movies; Eliminating Radio Interference: Rado
Laws and Reguiations; Handling and Ab-
stracting Traffic,
An immense amount of information never before
avrileble ineluding detafled deseriptions of standard
equipment i3 presented.

Prepared by Official
Examining Officer

The author G. E, Sterling, iz Radin In:nector
and Examining Officer, Radio Divirion T, = Dept.
af Conanerce, The book has been edited in idetail by
Robert S. Kruse,” for five years Technieal 1ditor of
Q8T, the Magazine of the Amerivan Radio Relay
Lesgue.  Many other expertz assisted them,

Free Examination

The new edition of “The Radlo Manual” has just
peen published  Nearly 906 paces. 369 illustrations,
Tiunid in Flexible Fabrikoid., The coupon brings the
volume for free examination. If ¥ou do not agree
that it is the hest Radio baok you heve seen. return it
and owe nothinz. If you keep it. semdd the price of
$6.00 within ten days,

Order on This Coupon

—————————————

D. Van Nostrand Co., Inec.,

250 Fourth Ave,, New York |
2end me the Nevized edition of THE RADIN |
MANT AL for examination.  Within ten days
after receipt T will either return the volume o I
send you §6,00, the priee in fu'l R
3 Radio News 2-20 |
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COlty and State ,........0
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Think of itt

FIVE

over rough mountainous country b EVE
‘El urning only EL. ™

ALLOS 8} GASOLINE.. lmagine more than
FIFTY MILES TO THE G—ALLIBN. That is what
the WHIRLWIND 'CARBURETING DEVICE does
for D. R. Gilbert, enough of a saving on just one trip
to more than pay the cost of the Whirlwind.

THEWHIRLWIND SAVES MOTORISTS
Mittions OF Dottars YEARLY

Whirlwind users, reporting the results of their testa, arr
amazed at the results ﬂle}"areoiet.tlng, Letters keep
streaming into the ofiice telling mileages all the way
from 22 to 59 miles on a gallen, resulting in a saving of
from 25% to 50% in zas bills alone.

Mark A. Estes writes: '] was making 17 miles to the
gallon on my Pontiac Coupe. Today, with the Whirl-
wind, T am making 35 5-10 miles to the gallon.”

- P. Goerzen writes: “34 6-10 miles with the Whirlwind,
or a_gain of 21 miles to the gallon.”

. J. Tulp: “"The Whirlwind increased the mileage on
our Ford"tmck from 12 to 26 miles to gallon and 25%,
in !I’leed-

Car awneea all over ¢ id are savin

wind, besides havin bz;?err operating ;:1‘?:3 °ﬁ'§.l?‘;|:{“1§: i
on your own car.  Figura up vour savings=~encugh for a radic—a bank
u:ount—wdnd plessures.  Why the Ol Compunies profit by Your

? Find out aboub this amazing little devi 3
every few weeks. amazing littlo deviea that wzlr ooy for jtaell

F'Ts ALL CARS In just s few minutes the Whirlwiod

wan be ipstalled on poy make of enr,
truck or tractor. Ttn actuslly lrsa work' than ehonging your sil, or putting
water in the battery. rilling, tapping or changes of sny kind necoss
onry. Ik is guaranteed to work rorreclly on any inoke of oar, truck or
toactor, Inege of small, new model or oid model. ‘The mors Fou drive the
more you will save.

SALESMEN AND DISRRIBUTORS WANTED

* Free Sample and 5100.00 a Week Oifer
Whirlwind men nre moking big profita plying this fnnt pelli
that ear owners sannat afford to ﬁv u-ith::;l:.plycr::nd flt;.rriutgu is‘:fsild:;::
:’;«‘a snmple offer and full particulars sent on request. Jusk check the

GUARA"TEE o matier what kind of & ear yeou have—no

iy . matter  how big & gas enter it i+—The

Whislwind will save you money. W absolutely gunrantes that the Whirle

m:\t;:illwmore tbh:m suvﬁ‘gu w{{ iJin:g::Ihm alone within thirty days, or
will cost you nothing. We rou to test it at riak

poitt. You aro to be the sols jnd:e,“ Fed ot it b oue and o
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- The Amplifier Steps Out
(Continued from page 763)

The skeleton diagram superimposed on
Fig. 2 shows and states the details of the
output system employed in measuring for
these graphs. i

The 1,/10 megohm graph shows the sub-
stantial gain of 208 uniform from 140
cyeles to 5 kilocycles with a loss of but
10% of the low point of 50 cycles and a
loss of but 67 at the extreme range of
10 kilocycles. These end droops can in
large part be accounted for in the fre-
quency-reactance relations of the output
circuit, substantiating the theoretical con-
stancy of the direct-coupled amplifier
ber se. -

The ¥4 megohm graph shows the much
greater gain of 360 (805 increase) sub-
stantially uniform from 140 cycles to 3
kilocycles, but an increase of loss to 16%%
at the 10-kilocycle point. This increase
of loss is, in part, due to an increase of
feed-back effect through the internal ca-
pacity of VT2 with increase of value of
coupling resistance Re. We cure this ef-
fect by simple feed-back neutralization as
indicated by the dotted portion of the
graph, so that the high gain continues
much beyond the audio range. but this
feature will be left for later treatment.

The desirable features of direct-coupled
systems are also useful elsewhere. The
drift-corrector and automatic bias ar-
rangement of Fig. 1 has characteristics
that fit nicelv into the present practice of
so-called power detection to aid in adapt-
ing the detector to sensitive handling of
weak signals and powerfully handling
strong signals. How this may be done is
shown in Fig. 3, and the results may be
quickly verified by anyone having the
apparatus at hand.

Capable of Handling Weak or
Strong Signals

In Fig. 3 D may be a detector tube of
any type. a —27 for example, having a
tunable input circuit and an output circuit
coupled to a power amplifier VT2, a —30
for example. or any push-pull arrange-
ment, through a transformer AT. R3isa
high resistance through which the plate
current of detector D flows. thereby de-
veloping a potential which will materiallv
change with rectification of impressed car-
rier currents. R1 is a resistance through
which the plate current of the output
tube VT2. or push-pull tubes. flows to
develop the high bias potential required
for the output tube, for example, 70 volts
for a =30 tube.

Obviously. return of the grid circuit of
D to a selected point in R1 provides a
positive potential for opposing the nega-
tive potential developed in R3, and the
difference gives any desired initial bias
on the grid of D. The values involved in
creating the difference are extremely large,
so that special effects can be obtained.

To appreciate the effects that mayv be
obtained, assume that the unaffected plate
current of D and the resistance R3 are
made such that the negative potential
across R3 is initially 72 volts. and this is
opposed by the full positive 70 volts de-
rived from the grid bias of the output
tube, there is had an initial 2 wvolts for

(Continued on page 763)
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The Amplifier Steps Out
(Continued from page 764)

sensitive detection of very weak signals.
Now should a strong signal be impressed
to change the plate current of detector D
by 239, for example, the 72 volts original
increases by 18 volts to 90 volts, and
being opposed by the same 70 volts as
before, the bias now becomes 20 volts,
plenty to handle powerfully, very strong
signals encountered in practice. It is seen
that should R3 be used alone. there is no
way to make it cover any such range of
change of grid bias potential. In usual
practice the bias is made initially high to
handle powerfully strong signals, so that
weak signals suffer and accordingly fail
to come through.

gt
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“Compactness” is hardly
adequate to describe the
diminutive physical di.
mensions of this —45
I.oftin-White amplifier

End view of the amplifier.
wiring is concealed heneath the chassis

Most of the

BZ/Z'///iﬁg the Lioftin-

HIS is the sceond article to he published con-

taining the only authorized circuit constants of
the Loftin-White amplifier, and the third of a series
written by Commander Loftin and S. Young White
exelusively for Ranmo News., Future articles will
contain further details ahout the construction of this
remarkable amplifier, which is conceded to be the
most outstanding radio development in recent years,
and destined to bring about far-reaching changes in
the radio manufacturing world.

Future issues of Ranio NEws will contain more
details about the construction and the many appli-
cations of this almost revolutionary development.

discuss the underlying features of a.c. operation of direct-

coupled cascaded tube systems. bui we have received so

many insistent requests for more details as to construc-
tional features of a type of our syslem that we have taken
nccasion to design a 2-tube system from parts we believe gen-
crally available or obtainable. and having a -43 output tube
as one modification over the -30 tube of the svstem described
in our preceding article. The arrangement is diagrammatically
shown in Iig. 1.

It is assumed that our preceding Ranio NEws articles have
heen or will be read by those now interested. so that our
present data are stated in the light of what we have heretofore
covered. The output tube VT2 of Fig. 1 is of the —43 type.
and therefore is operated with 230 velts plate potential and 50

r

I N this third of our series of articles we had planned to

Compleredetails and constants for
able engincering development

By Commander Edward H.

volis negative grid potential. giving the normal —45 tube plate
current of 30 milliamperes. these figures and others lo iollow
being, of course, approximate within practical limits with nor-
mal line voltage. Once the svstem is preperly set up the usual
variations in line voltage will have negligible ‘effect.

Input tube VT is of the =24 tyvpe. and for the constants
hereaiter given should preferably have the mu of 400 normal
to commercial tubes of this tvpe. Because of occasional leak-
age hetween the cathode and heater of commercial indirecth:
heated cathode tubes, we follow the customary practice of
using scparate heater windings on power transformer I'T for
tubes VTI1 and VT2, It is preferahle to connect one side of
the heater of VTI 1o point a.

Resistance arm RI1, carrving the 30 milliamperes of plate
current of VT2, is made up of four clements. R1a, P, Rlc and
R1d. totaling approximately 6100 ohms, and consequently. a
potential of 183 volts. Rla is 425 ohms. developing ahout 12
volts: P is 200 ohms. developing about 6 volts; Ric is 773
ohms. developing about 24 volts. and Rid is 4700 chms. de-
veloping about 140 volts. Thus. to supply the 250 volts for
the plate of tube \'T2 and the 183 volts for the arm RI, the
filter system must deliver a 1otal of 433 valts,

A 230 type full-wave rectifier tube. RT. is supplied through
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Simplicity of design dominates the
Loftin-White amplifier. The circuit of
this one is shown on page 502

Ease of construction is evident here.

Tubes. a transformer, one choke, re-

sistors and fixed condensers are all
that enter into the assembly

ron ust ¥
LasT auplt
sTageant!

White Amplifier

butlding one type of this remark-
are grven here for the first time

Loftin and S. Young White

a power transformer. PT. wound to deliver approximately 400
volts a.c. to each plate of the rectitier tube. from which to
develop. through our filter. the 433 volts rectified current re-
quired as arrived at above. The filter comprises a condenser
C1f. of 1 microfarad in our case, although a larger value may
be used, and a choke L of 20 henries, also subject to increase
if desired.

An output condenser C2 of 1 microfarad and a by-pass
(around arm R1) condenser C3 of 1 microfarad are essential.
The output capacity C2 may be increased one or more micro-
farads. as indicated in dotted lines by C’2. in which event an
additional filter condenser C'f. indicated in dotted lines. of a
viilue corresponding to that of €2, must be included. but no
change should be made in the value of C3. irrespective of what
is done to C'2 and C’f. The purposes and reasons for these
modifications to include C'2 and C’f. and the necessity for not
chianging the value of C3. wil be stated later.

Coupling resistor Rc has a value of ¥4 megohm. and should
preferably have very low distributed capacity. We usually
employ the internally treated glass tube tyvpe of resistors for
coupling purposes. We have heretofore stated that the values
of the coupling resistors mayv be varied through wide ranges
for obtaining a variely of resulls, but suggest making no

change in Re in the present model until we have fully explained
the procedure. the reasons therefor. the accompanying other
moditication of constants, and the results to be expected.

Resistor R3. as explained in our preceding article. coiiperates
with resistor Rla to develop initial grid bias for VTL, and to
vary automatically the bias for drift correction or stabilizing.
and for desirable bias change when receiving carrier currents of
different intensities. In the present embodiment R3 is 50,000
ohms. and. with the combined plate and screen-grid current of
\TI, develops a negative potential of about 14 volts with
respect to the grid of V1. which. opposed by about 12 posi-
tive volis in resistor Rla. provides an initial bias of about 2
negative volts for the grid of V'T1. The current through R3
is only about 280 micreamperes, so that the watlage or heat
characteristics of this resistor are in nowise severe. thus making
a suitable resistor for this function casily obtainable.

Resistor R3, of about 25.000 chme. and resistor R6, of about
100,000 ohms (values not critical). divide the 230 plate volts
of \'T2 into two porlions. with a junction at point e, {o which
Rc is connected, giving about 50 volts between points d and
¢ while increasing the current drain on the filter a negiligible
amount. These 50 volts added to the 183 volts across R1.
less the opposed 14 volts in R3. give approximately 220 volts
hetween the cathede of VT1 and filament of VT2, In order to
follow out one of our principles of operation. termed by us
“symmetrical operation,” these 220 volts are equally divided
(110 volts each) between the filament-plate impedances of
\'T1 and coupling resistor Re.  In other words. we substantially
match the internal and external output impedances even when
dealing with the very high internal output impedance of screen-
grid tubes.

Having previously pointed out that the ~45 tube used at
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C3 was not used in the arrangement of our preceding article
its us¢ makes the matter of fAixedly selecting the hum-bucking
noint in potentiometer P, with expectation of being satisiactory
for hum suppression for any change of tube at VT1. more cer-
tain, and gives a better hum suppression for all tubes,  In
fact. when properly adjusted the hum is so low that a meter
reading of it is quite difficult. unless there are leakage or grid
emission currents in the particular tube used.

Once a location of potentiometer I and adjustment of its
contact is had with hy-pass condenser C3 in position, the value
of this condenser should not be altered.  The new value will
not satizfy the original location and adjustment of D,

We hive previously pointed out that additional output ca-
pacity C'2 and filier capacity C'l are not essentinl.  They make
for extreme refinement in the matter of delaving the falling ofi
of amplification at frequencies so low that they are not repro-
duced in the present construction of dynamic and other
speakers, so that the improvement is only detectable in pre-
cision measuring apparatus.  However, in the event €2 s
added to include 1 microfarad or more, C'f should be added in
capacity to match the addition in €2

Economy is an outstanding feature of the Loftin.

White system of amplification as exemplified in the I_
The
constants for the —45 Loftin-White amplifier, to the

one shown above, built from the Electrad kit

right, are as follows: Rla, 425 ohms: P, 200 ohms:

R3, 50000 ohms: R5, 25000 ohms; R6. 100000

vhms; CL C2, C3, 1 mid.; 1., 20 henries. PU indi-

cates the phonograph pickup and VC the pickup's
volume contrul

VT2 requires but 30 velts grid bias, the 110 volts
established across Re are of course far too much for ‘
bigs. The 30 volis of R3 are. however. opposed to
this 110 volts in Re with respect to grid and fila- |
ment of VT2, so that the eficetive grid bias of VT2
is =0 close 1o normal that the self-adjusting charac- ||
teristics of the system will automatically adjust for
COrrect operatton,

Taking into consideration the opposed potentials
in R3 and R1a. the point ¢ iz about 28 volts positive

Rle, 775 ohms: RId, 4700 ohms: Re. !'; megohm; y
|

VT,(-45)

VT, ¢24)
1 e ——

of

]

LS.

-

L

:

ANAAPA S A, R

a1 o |

pmmm = e

Wl c'a

to the cathode of VT (see preceding details oi
potentials o that is. the screen-grid of VT1 s
vperated about 28 volrs positive,

The hum-bucking. grid filtering and screen-grid filtering fea-
tures of the present arrangement include a1 modification of
the arrangements for these effects deseribed in our preceding
Rapio Nuws article. Here we use but one condenser, Cgh. for
these several {unctions. the condenser having a capacity value
of I microfarad, and being connected between the cathode of
VT and a contact arm on a 200-vhm potentiometer . 11 is
apparent that the 30.000 ohms of R3. coiperating with the
I mierofarad of Cgh. constituies an efiective filter for hum
currents and signal currents. with respect to both grid and
screen grid of VT, but the variable connection of condenser
Ceh to potentiomerer P permits selection of a point where the
hum introduced on the grid of VTI is just right in phase amd
amplitude to buck out the hum ecurrents arising throughout the
syvetem,  The effectiveness. and the reasons therefor, of hum-
bucking in direct-coupled systems were discussed in our pre-
ceding article.

In the arrangement of the preceding article a separate con-
denser of large value connected directly between the grid circuit
and the cathode of ATl was used for filtering. and a separile
condenser of small vilue connected 10 a selecied point in arm
R1 was used for hum-hucking. Because of the small value of
the hum-bucking condenser the hum-bucking potential selected
from arm R1 had to be large.  Obviously with the present
arrangement the large value of condenser Ceh permits selecting
a hum-bucking potential from arm Rl of much lesser value.
In other words, in the present case potentiometer I is nearer
the negative end of Rl than in the arrangement of the pre-
ceding article,

Output condenser C2 serves to localize signal current in the
autput of VT2, and thus lessen the signal current in arm R,
which may give rise to feed-hack troubles. C2 is of course
increasingly less effective for this purpese. the lower the signal
current frequencies,  By-pass condenser C3 serves to shunt
both hum currents and signal currenis from arm R1. While

The input of VT is shown to include a phonegraph pick-up,
PU. connected through a comventional resistunce volume ¢on-
trol, VC. Connection should be made directly in the input
circuit as shown, a step-up transformer being both unnecessary
and undesirable. The pick-up may be substituted hy a con-
ventional tunable circuit for radio work. but we do not advise
trying to include any radio-frequency slages in advance of
FFig. 1 until we have had opportunity to cover this phase of
extension of the system. The operation of the arrangement
directly from an antenna will give adequate tdea of its extreme
eifectiveness beth in sensitivity and selectivity as a detector-
amplier.

A dynamic or other loud speaker may be used. but in view
of the perfection of the frequency characteristic of the system
we recommend using the very best loud speaker obtainable
In any event. once the system is properly set up. any distortion
detected 1= a measure of the imperfection of the pick-up.
phonagraph records and loud speaker being used.

With the system properly set up a correct reading milliam-
meter in the plate circuit of VT2 should show approximately
30 milliamperes current with a line potential of 110 velts, and
should not fluctuate noticeably during operation, provided out-
put 1ube VT2 iz not pushed to overloading.

The overall zain is in the neighborhood of 300, giving more
than enough volume for phonographic operation with any sat-
isfactory pick-up. The frequency characteristic is extremely
good throughout the entire sound range. Not being corrected
for feed-back in the output tube. there iz a slight faliing off at
10,000 cycles, but not enough to he noticeable in any repro-
ducing apparatus now available. The detection and amplifica-
tion of carrier current is most effective. and it is believed that
a trial of this form of functioning will surprise those acquainted
with what is accomplizhed by the usual apparatus employved.

Beginning but briefly, in the space remuaining for this article,
our theoretical comments on direct-coupled svstems, the hrst
importamt ebservation is that the (Conmtinucd on page 873}
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Building the lLoftin-White !
Amplifier
(Countinued from page S02)

svatem s particularly well adapted for
passing onward a large percentage of the
hich amplification of hich amplification
tuhes.  Other thun the advantage of
the extraordinarily good frequency char-
acteristic we se¢ no  particular appeal
in the svstem for the very low mu tubes
that prevailed up to several years ago

Our series of articles will bring out the
manner in which we utilize these high re-
sistances with high mu tubes in direct-

coupled systems. 10 obtain an extremely

wide variety of results. thus making the Into
system one of great tlexibility covering Ge

almost any uses that might be contem-
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earnexpenees while learning. Just mail coupon.

» C. LEWIS, Prosident

COYNI ELECTRICAL SCHOOL, Dept. 30-27

800 3. Paviina Street, Chicego, M.
Dear Mr. Lew
Without ubllnllon send me your big free catalog

and

all details of Railroad Fare to Chieago. Free Employment
Service, Radjo. Aviation Kleetricity. and Automotive

Courses, and how I cen ‘earn while learviog.*®

INanu...........-....-....-................‘....

COYNE REUERt SO0 L

City........... 00080 DABADOG o StaIe. . ceierarennnn
wj-uA\nN\I’\lI:\[:El\i"ll‘:? _I\.l'—)r&\Mng\N 6 Ft LO > = flf" :
3 : - l_l_,{l_ -—r' =

nid W g
Y Tle l:\l'l It sou mean mle 1 Iv.- ves aml
- i blaced.
ETAL CA%T PRODUCTS (:OMF'AN
1696 Bosten Road - » « New York City

World' -
boot makeo—
Underwnod. Remlington:
1 nom—-uo portables—Pricea”
nr‘eel.li..bcd 1obd<.- |n|l im, Tum ) B8

R"'ER Y2 Pnce

NO N
Alliate models unulmly rrhuﬂ\lng
rofinished hund uaransre

)
ln{ullcnlurl Grt surdirect-to-yu easy -
p-ym-nt Plan and 10 day {ree trisl offor,

Amazing vulues-send st onca.

&
. Monroe St
International Typewriter Exch.. Bopt 54 Crcasra |

S "Boys! Here's the t wa model Alrship.
\ ‘”-' matic relsase and complete mntrucllanl for
{ Will iy for miles at height of 1000 feet.

Large

i 6-foot alr bag with inflatars, parachute with auto-

flying,
reat

to study aeriai nnwntlon Send name and

' chance
‘ we'll lou 5 of our pew art spose of
chl «!\ “‘jo euﬂl!oetlnd aga Feward
for mricu we wilt is wonderful Au--bm with

' fall m-l(uchom free.

oD mpe-

C. M. THOMAS. 337 W. Madison St., 3-K.22, Chleago

Pon't try to banish unaided the hold to-
bacco has upon you. ‘Thousands of Invet~ &
erate tobacca users heve, with the aid of the
Keoeloy Treatmant, found it caay to Quit,

KEELEY TREATMENT FOR
TOBACCO HABIT &:':."l:.‘g.:.

dey 4 d Irtll‘ullrl&:’
Lo PR A GU ARARYE

ome of the (emans Keeley Treatm

QuIit ronacco’\

THE KEELEY lll.'l’l'lu‘! Dopl.l-“h Owight, VL.
Dr
soklet Jent of Requeat. berruw'udynu trlcl]l'(anhdun'(‘v.a
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Complete Kit
for the

Revolutionary
LOKTIN
WHITE

Direct-Coupled

AMPLIFIER

I'hie ma 1 farcreaching rudio develog,.
went of recent timea a8 the 1 OF 1IN
TWHIIE svauem of anilio ampddication
I whaddithe whies are dicectly coupiled
withom intervening teansforimmers. con
densers, ole

The  wlvaniages  are  cheagaires e
cansr  of  fewer  tubes and  other
paris fitht weveht:  rompactness:
unlistiiedd  freqnetry  range  witlons
Jiccemuustion or  distortton, amd an
amuzing  output  cestricted  only by
the amplitivation constant of the nbes
use,)

Flecteud  has  designed o comglete
hit  mehnding  everything  (exvept
mhe) requiced 0 wmild this cevalu-
tionary  aumdio svstem. And  hecause
Elecirad’s name and  cepulation arce
barh of each pact von ace assured
of entire  Latisfaction,

List 58) =
Price 3;)

If yaur dealer can't supply you
with the FElectrad 1L,OFTIN
HUIFE Amplifier Kit, write
direct to us. Address Dept
RS-

175% Varick 8t, New York. N.¥

holesale Radio Cata g

Senl for  ir am  (Hestraied eatalog of natlonally

At t kil part ete
AL Hise  at Loned Winlesale U'rices.  Wrlte for your
[N @ tadny

SHURE BROS. CO.
Depl, 329 335 W. Madison St CHICAGO, LL.

[vite for Information About the N'EIV

H-T-T. MASTERTONE

L.aboratory-Made Receiver
The year's outstanding Radio Achieycment

HIGH FREQUENCY LABORATORIES
28 N. Sheldon St.. Dept. 25. Chicago. ill.

| TheAudiokeast.com |

—eL ARQSTAT

Here It Is!
The New

Loftin
White

Direct Coupled
245 Amplifier

Here is the new and amaz-
ing kit put up by Electrad
and  licensed by Loftin-
White. With this kit you
can build the new Loftin-
\White amplifier,

List Price $3§-9°°

Less Customary Trade Discounts

Send vour order to us today,
as we are the ofticial head-
quarters  for  Loftin-\White
kits,

Royal-Eastern Electrical
Supply Co.

16 West 22nd Strect
New York City

If you have not recerved owe 1930
catabogue, Plrase zcrite tor .

LINE RALLAST No 2150 abitn el tor 1AM MR-
LU ND Q-

$2.50

red LISy

WASLTE for dutu o asl your dvaler a%out it
Ctarostat Mg, Co.. 28! N. Gth St.. Braokiwe, N. VY

MASON, FENWICK & LAWRENCE

PATENT LAWYERS
600 F St.. N. W., Washington, D. C.

Estb, over sixty years, Send skelches.
Electrical. Neronautical and  (hemieal  Inventions

carefully handled. I'ractlee bLefore the . . Courts
and the Patent Offlce. 1'romnt and carefu! service.
Wreite us Prrotect your invention.,

TRADE MARKS REGISTERED
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