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ITH so much interference these days,

why not improve your detector tube
action and gain selectivity? Simply install
a Bretwood Variable Grid Leak. Price
$1.50.

NORTH AMERICAN BRETWOOD CO.,
143 West 45th Street, N. Y. City.

Enclosed find $1.50, for which send me one Bretwood
Variable Grid Leak (or $2.00 for leak with grid condenser
attached) on five-day money-back guarantee.

T %) ] i  —
STREBTGADDRESS ' 58 500 . 6 fallairesls ke ko B ore 62,4 brerdTors
CITY and STATE: ... $F v o o0 o 05 e A 3ol v ovorevoretilors

(Inquiries Invited from the Trade)

The Bretwood Variable Grid Leak
Precision Range, 0 to 10 Megohms

HE Bretwood Variable Grid Leak may
be installed in any receiver in a few
minutes. Single hole panel mount makes
this possible. Use a Bretwod and marvel ot

the difference!
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By ARTHUR H. LYNCH #

socket.

A Series of Five Important Articles on
HOW TO USE THE DE LUXE SYSTEM

This series tells how to build the 2-tube
De Luxe Receiver (without audio) and how to
adopt this or any other set so as to obtain the
necessary power from the AC electric lamp

Mr. Lyach is one of America’s leading radio authors and designers. He has done
the best job of his life in this comprehensively illustrated series, a digest of which
follows:

Dec. 25 tssue—Theoretical and historical discussion of the De Luxe Receiver and
the audio channel and B eliminator. Jan. 1—The 2-tube set fully described and illus-
trated, including wiring and choice of tubes. Jan. 8—-The National Lynch Power
Amplifier and B Supply (3-stage AF and B and C gliminator, adaptable to any
receiver). Many {llustrations include picture diagram of wired connections to photo-
graphed parts. Jan. 15 and 22—De Luxe reception from lamp socket with latest de-
vices, including trickle chargers and A battery, relay, trickle charger and Abox filter,
with picture diagrams of wiring, from antenna to the Acme speaker,

Send 15¢ for any one copy, or 60c for all five.

Send $6 for one year's subscription (52 num-
bers) and get the five copies FREE!

RADIO WORLD 145 WEST 45th ST. NEW YORK %

Court Commercial Photo, Hempstead, L. 1.

ARTHUR H. LYNCH, auto speed

demon and radio enterpriser axtra-

ordinary, about to take a 60-mile-an-
hour jog in his car.
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First Television Hookups
Flucidate Alexanderson and Baird Plans
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FIG. 1

(A) schematic diagram illustrating the method used by Alexanderson in transmitting a picture by radio waves at a rate

of speed approximating that required for television.

By Hector W. all

T THE rate at which television ex-

periments are progressing and the
keen interest manifested by the public ir
the progress in this new field, it will not
be long ncw before the radio fan will be
able to look in on an event transpirmng
at a distant point as well as to listen in.
He will probably be abie both to listen
and to look in by tuning in with a single
radio receiver. Not more than a year ago
this secmed a long way in the future but
recent progress in the art has so advanced
the calendar that it is now not a matter
of a long time, until refinements of tech-
nique are achieved.

There are several methods of tackling
the problem of television, all fundament-
ally based on the transmission of still pic-
tures at a very high rate of speed. The
technique of transmission of still pictures
has been worked out to a point where a
picture may be transmitted in about ten
minutes with a definition of the reprint
almost identical with that of the original
photograph. To make television practical
the technique of transmission and recep-
tion of stills must be developed so that
one complete picture can be transmitted
with satisfactory definition in about 1/16
of a second. That is, the speed of sending
and receiving stills must be increased
about 10,000 times. This goal is now
within sight.

Based on Unit Scanning

All the methods now used in television
experiments are based on the unit scan-

ing and reproducing the picture.

ning process of the picture to be trans-
mitted. The picture is transmitted bit
by bit and is reproduced in the same way.
It is broken up into a very large number
of small areas. Then all of these areas
are given a chance to record their light
on a photo-electric cell, successively and
in regular sequence. The reproduction of
the transmitted picture is done in the
same sequence and is done synchronously
with it.

There are four methods of scanning a
picture which have been suggested and
tried. One of these is the process used
by Alexanderson. It consists of twenty-
four mirrors mounted on the periphery
of a rapidly revolving drum. Each drum
covers a complete narrow strip of the
picture. The twenty-four mirrors are so
arranged that they cover the width of the
entire picture and the entire picture is
covercd as many times per second as the
drum revolves. Actually each mirror
handles seven strips, side by side, instead
of one, but that is merely to increase the
spced. For a given rate of transmission
thg use of seven scanning strips with each
mirror enables the speed of the drum to
be cut down to 1749 of its necessary speed
when one mirror handles only one strip
at a time.

Baird’s Method

’I_‘he second method is that employed by
Baird in England. He uses a revolving
disk having a number of lenses mounted
on the periphery. Thése lenses are set
at such angles that when the disk revolves
the picture 1s covered by strips as in the
previous case. FEach lens focuses a cer-

(B) schematic of the receiver used in Alexanderson’s method for receiv-

tain area of the picture on the photo-elec-
tric cell, and as the disk revolves the
image of every little area on the picture
is sent into the photo-electric cell in
turn.

A third method is that employed by
Jenkins of Washington. He also uses a
revolving disk for covering the picture,
but instead of having lense he uses prisms
set at appropriate angles. These prisms
serve exactly the same purpose as the
lenses.

A fourth method that has been sug-
gested for scanning a picture is by means
of two harmonic motions working at right
angles to each other. One of these is to
have a very high rate of vibration and
the other comparatively slow. One of
these causes the scanning line, or line of
vision, to move across the picture in a
vertical direction at a very high rate of
speed, that is, it causes the line of vision
to trace a strip across the picture. The
slower harmonic motion causes the strips
thus produced to travel over the picture in
a horizontal direction.

An Old Idea

Comparing this with the revolving drum
of Alexanderson, the higher frequency
harmonic motion corresponds with the
rate of revolution of the drum, and the
slower harmonic motion corresponds with
the angular setting of the twenty-four
mirrors.

The idea of using two harmonic motions
at right angles for tracing out a picture in
connection with television is very old,
yet it has not been tried out as thoroughly
as some of the other methods. It would
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FIG. 2
(A) schematic of the transmitter and receiver used in the Baird system of tele-

vision. A revolving disk of

many lenses exposes the photo-electric cell to every

small area on the scene in regular sequence. The oscillograph mirror actuated by
the wectified light current varies the intensity of the light beam that reaches the
viewing screen (B).

seem that experiments along this line
would yield practical results more quickly
than any other, in view of the ease with
which harmonic motion can be generated
at the present time, and the great con-
stancy of the frequency.

In the harmonic motion method two
vacuum tube oscillators, preferably crys-
tal controlled, would be used. One of
these would generate a current of high
frequency with which to cause the line of
vision to sweep across the picture in one
direction and the other would be used to
cause successive sweeps to move across
the picture in the other direction. One
complete vibration of the high frequency
would cause a scanning line, or lines, and
one complete vibration of the slower fre-
quency would cause the scanning lines to
cover the entire picture.

Has Advantages

The use of this method completely elim-
inates high-speed machinery and thus
greatly simplifies the operation. One of
the main limitations at present is the safe
limit of rotation of drums or disks, and
there would be no such limit in the case
of electrical harmonic motion. The pos-
sibility of crystal control of the two fre-
quencies would also simplfy the synchron-
ization of the transmitting and receiving
equipment. Seme of the larger labora-
tories are working along this line at the
prﬁcsent time and that success is not far
off,

Some of the details of the method em-

ployed by Alexanderson may be more
clearly understood with the aid of a
diagram such as shown in Fig. 1..In the
upper left corner of Fig. 1, is shown a
picture of a ball player swinging his bat.
In that picture may be seen a small square,
which represents a tiny part of the total
area of the picture. The light from this
square falls on a revolving mirror M,
which is one of the twenty-four mirrors
on the revolving drum. The mirror re-
flects the light through the lens L into
the photo-electric cell. This cell con-
verts the light energy from the little
square into equivalent electric energy. As
the drum revolves, the little square cov-
ers in turn every small area on the pic-
ture and the intensity of the light beam
varies in the same proportion as the light
value of the picture. The equivalent cur-
rent varies in exactly the same propor-
tion.

The Modulation

The varying electric current from the
photo-electric cell is made to modulate a
high frequency current by one of the well
known methods of modulation, that of
Heising being shown in the diagram. The
high frequency radio current modulated
with the picture is transmitted by the
antenna in the usual way.

At the receiving end the signal is tuned
in just as if the wave were sound modu-
lated. Then it is rectified by one of the
well known rectifier circuits, or the sig-
nal is first amplified at radio frequency

and then rectified. After rectification it
is necessary to rectify the signal still fur-
ther. Now, the rectified signal which has
been modulated with a picture differs
from the rectified signal modulated with
a sound wave. The picture current con-
sists of direct pulses of varying intensity
and the rectified sound signal consists of
alternating current of audio frequency.
Since one is essentially DC and one AC,
different types of amplifiers must be used.
A DC amplifier must be used to amplify
the picture current. This must essentially
be a resistance coupled circuit without any
choke coils or stopping condensers. Such
circuits are used with success in the case
of transmission of stills.

Controls Light Source

After having amplified the picture cur-
rent adequately it may be used to control
a very strong source of light, such as
that from an arc light. The rectified cur-
rent is made to actuate an oscillograph
mirror (m) in such a manner that the in-
tensity of the light beam that reaches the
revolving mirror- M2 is exactly proportion-
al to the intensity of the rectified picture
current. The mirror M2 is similar to the
revolving mirror M and it rotates at ex-
actly the same rate. The mirror M2 pro-
Jects the light beam on a screen and the
little area of the original picture is repro-
duced. As this area is made to travel
over the original picture; a reproduction of
it is seen on the screen.

The process used by Baird is almost
identical with that of the method of Alex-
andersor}, except for the manner in which
the original picture is made to record bit
by bit on the photo-electric cell. The re-
volving disk with the many lenses does
the trick in this case. At the receiving
end there is essentially no difference be-
tween the two methods. Baird's arrange-

ment is shown diagrammatically in Fig.
2, A and B.

What Makes a Part
Something ‘Commercial’?

Many suggested cures for radio trou-
bles have met with the objection that they
are not commercial, meaning of ‘course
that they would cost too much to insure
the manufacturers of a profit at the price
which they could get for the parts. But
a.radio device that does not work is not
commercial no matter how low a price it
may be sold for. The effective cures will
have to be made commercial gradually
by educating the public to the necessit
of paying an adequate price for the prod-
ucts that work in fact as well as in claims.

MONEY IN SIGHT

Now that the photo-electric cell is be-
coming valuable, lawsuits are being start-
ed, based on patents issued nearly thirty
years after the principle of the cell was
discovered and announced.

Insulating Material Tested

By Herbert E. Hayden

A simple test of the insulating quali-
ties of the dielectrics or insulators may
be made by placing a piece of the ma-
terial between two tuning coils in a radio
frequency circuit. These coils should not
be too far apart and they should form a
part of a radio frequency amplifier. The
receiver is tuned in and the strength of
the signal is noted when the insulator is
not between the two coils. Then the in-
sulator should be placed between the
coils. If there is a marked decrease in
the signal strength it means that the in-

sulator is not very good on the score of
dielectric absorption. The hand absorbs
some of the energy and reduces the signal
accordingly.

Another way of testing the insulating
qualities of a dielectric is to place it be-
between two plates of a condenser which
is connected across the main tuning con-
denser. In this case the placing of the
dielectric between the condenser plates
will determine the circuit to a great ex-
tent, depending on the value of the dielec-
tric constant of the material. Before a
comparison can be made 1t will be neces-
sary to retune the circuit to exact

by Tuning -

resonance. If there is a marked decrease
in the signal strength with the dielectric
between the plates the insulating quali-
ties are not good. The comparison must
be made with the circuit tuned exactly
in both cases, and therefore the test can-
not be made very quickly, nor accurately
without the use of instruments to meas-
ure the relative strengths.

The insulating test here mainly refers
to the dielectric absorption of the ma-
terial and not the direct current con-
ductivity. Applied voltage is used for the

C test.

(Photograph on front cover)
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Tubes Properly Chosen

For Efficient Five-Valve Receiver
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FIG. 1

“The first two tubes, CX-299, are in series, the three others in parallel, in this five-tube receiver in which specially matched tubes

By J. E. Anderson

Consulting Engineer

T first we had tubes which required an

ampere for heating the filaments; and
sets were built with these tubes in which
‘the total filament current was eight to ten
amperes. There was only one tube to
choose, and consequently this type of tube
was used in every socket. Later smaller
tubes made their appearance, which re-
quired one-quarter ampere each at 1.1 volt.
All the tubes in the set, no matter how
many were used in it, were of the same
type. When different types of tubes came
.out the idea of using the same type of tube
throughout the set persisted. It was only
when power tubes were added to the list of
types that a differentiation was made. But
there is no good reasdn why we should not
use a variety of tubes now that special pur-
pose tubes are available. There is no more
reason for using all large tubes in a set
than for all men to wear No. 12 shoes.
Just as shoes are made to fit different sizes
of feet, so tubes are made to fit different
load requirements. Let’s be logical and use
small tubes where small tubes will do the
work, medium size tubes where medium
size tubes are required, and large tubes
where such are necessary to handle the
load. The set described below was de-
signed with this in mind.

Compactness was also one of the points
considered in building the set. Compact-
ness is a virtue in any receiver as long as it
is not carried to the point where interlock-
ing fields render the set unstable beyond con-
trol. It is a simple matter to so crowd

are used to give maximum results.

the radio frequency parts that the set os-
cillates and loses both selectivity and sen-
sitivity. And it is almost as easy to so
crowd the audio frequency parts of the re-
ceiver that the set oscillates at audio fre-
quency and completely spoils the quality
which would otherwise would be excellent.
Compactness with moderation and judg-
ment should be the motto. This has been
aimed at in the present set.

The Filament Circuit

Let us begin the description by following
out the filament circuit. Observe that the
filaments of the first two tubes are in series
across the A battery. Each of these tubes
is CX-299. These require a filament ter-
minal voltage of 3 to 3.3 volts and they
draw a current of 60 milliamperes. Since
each will work satisfactorily on a voltage
of 3 volts, the two of them in series will
require six volts. Hence two of these
tubes may be connected across a six volt
battery, such as a three cell storage bat-
tery, and each tube will get about the
proper. voltage. Of course 1t will be neces-
sary to keep the voltage of the battery up
to six volts, otherwise the filament cur-
rent in the tubes will not be up to the nor-
mal of 60 milliamperes. But the tubes will
operate satisfactorily for all values of
voltage from 5.8 to 6.6 volts, the range of
the storage battery.

The first tube is called on to handle only
very small voltages or signal intensities.
Hence a small tube will do the work nicely.
Also, this type of tube is a good radio
frequency amplifier, and that is another
reason why it may be used at this point.
The detector tube may also be one of the

FIG. 2

The back view of the completed receiver, showing how neatly
the parts are placed.

FIG. 3
A side view illustrating the use of a
simple angle iron for mounting the base-
board.

same type( for the 299 detects well, and it
will not become overloaded, provided there
1s a good audio frequency amplifier fol-
lowing it

Note that the radio frequency tube is
placed on the positive side of the supply
line and that the detector is placed on the
negative side. The object of placing them
so is to take advantage of the voltage drop
in the detector tube filament to get a 3 volt
grid bias on the grid of the first tube. That
is accomplished by merely connecting the
grid return lead from the first tube to the
negative lead to the A battery. Since the
detector tube requires a positive bias on its
grid, this may be obtained by connecting its
grid return lead to the junction line be-
tween the two filaments. The point is posi-
tive with respect all points on the detector
tube filament.

The Other Tubes

The three other tubes in the receiver re-
quire a filament terminal voltage of either
five or six volts, hence these are connected
in parallel across the supply battery,
Amperites being used to correct for excess

(Continued on page 30)

FIG. 4
The panel view of the set.
knobs controls the tickler.

The top center
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| How to Read Curves
So That Various Units May Be Matched
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CURVE of an audio frequency transformer, output response compared with frequency.

By John F. Rider

Member, Institute of Radio Engineers

IN view of the increased demand by the
vast radio iraternity for better designed
audio amplifying units, manufacturers of
transformers, resistance and impedance
coupled audio amplifying units and systems
are devoting more and more time to this
phase of the radio art, and after having
developed a unit, they acquaint the public
with the operating characteristics of their
device by an illustration similar to that shown
above, which is usually captioned as the
“frequency operating characteristic curve.”
Prior to the careful distinction by the
radio fan between good and bad quality
reproduction and distortionless amplifica-
tion such curves bore no sxgmflcance. be-
ing viewed as technical data, of interest
only to the technician. At present, how-
ever, the publishing of such curves is be-
coming conventional practice among all the
manufacturers of audio amplifying systems,
and if the constructively inclined radio fan
desires to choose the equipment best suited
for his needs, and obtain the most for his
money in the audio amplification line, it is
essential that he be able to read and inter-
pret these frequency operating curves.

Of Great Utility

The data he obtains therefrom are mani-
fold, and of great utility when real con-
centrated effort is given to the construc-
tion of the receiver contemplated, for it
permits first, of the study of the frequency
operating characteristics of the audio sys-
tem, second, the selection of an audio sys-
tem which will match the frequency oper-
ating characteristics of the radio frequency
side of the receiver and, third, the selection
of a loudspeaker which will function best
with the radio frequency and audio fre-
quency systems on hand.

The necessity of matching the radio fre-
quency and audio frequency amplifying sys-
tems with each other and the combination
with the loudsneaker may not be obvious
to many fans, but in the quest for fidelity
of reproduction it will be found imperative
to match the various amplifying systems
with one another and the reproducer. To
be able to match these units does not re-
quire a radio technician, if the frequency
operatmg characteristics of the various
units are available, and the time is not far
distant when such curves will he available.
As a matter of plain fact it is obviously

only necessary correctly to interpret the
various curves and to select units which are
best suited to each other.

Where frequency characteristics are plot-
ted against amplification, the curve means
the same whether it alludes to radio fre-
quency amplifying systems, audio amplifi-
cation or loudspeaker operation.

Reveals Characteristics

The cure depicts the operating character-
istic of the individual unit or of a complete
system when signals of various frequencies
are applied to it, showing how much am-
plification of response is obtained on the
various frequencies. The formation of the
ideal curve is dependent upon the subject
matter. Since at present the most frequent-
ly appearing characteristic curve is that of
an audio unit, we will consider such a
curve at this time. Take, as example, the
curve shown above. The curve shows
how the particular unit measured will am-
plify different signals of different fre-
quency.

* To determine how an amplifying unit
amplifies on the various frequencies with-
in the audio band it is necessary to plot
frequency against amplification. This means
when arranging the graph, that an axis
must be assigned to show the relative
values of amphf:catlon This axis is desig-
nated in various ways. Sometimes it is
known as the amplification axis with a zero
and an infinite sign at the base and top
respectively. Other times it is marked
voltage amphf:catlon energy amplification,
response in circuit, output response, output,
etc.
desng’natlon% also are given, to %1mphfy read-
ing, as above, The ordinate 1s marked
output response and is marked off 3, 6. 9,
etc. This axis is the vertical axis, and is
located at the extreme end of the graph.

Extent of Amplification

Since we are plotting frequency against
amplification, an axis for the frequency
gradations also is necessary. This is us-
vally the horizontal axis and is known as
the abscissa of the granph. The gradations
on this axis are usually numerical, read-
ing on audio freauency curves in hundreds
and thousands of cycles per second. In
radio frequency curves hundreds of thous-
ands of cycles are used instead of thousands
of cycles. As the numerical gradations on
the ordinate show amplification. the figures
are so arranged that at the intersection of

In the majnritv of cases numerical-

the ordinate and the abscissa is located the
zero point. The farther away from this
point on both the abscissa and ordinate, the
higher the gradation. In our case, the
higher the amplification numeral, the
greater the amplification.

As to the appearance of curves for sim-
ilar units, the general appearance is depend-
ent upon the way the curve is plotted, i.e.,
the type of cross-sectional paper used. For
the plotting of audio frequency curves, two
kinds of paper are used. They are the
regular cross- sectional paper (shown) and
the combination of regular cross-sectional
paper and logarithmic scale paper.
these two the latter is by far the better,
since it will most readily bring out the
required details and defects, if any. The
use of cross-sectional paper as shown is
conducive to miscomprehension, for it is
not laid out according the laws governing
the subject matter, and a radical difference
between two units is much more readily
disguised, when the curves are plotted on
regular square cross-sectional paper than
when plotted on a combination of square
and logarithmic paper. As a matter of
fact, if strict adherence is given to the
laws governing the musical scale, the fre-
quency axis should be plotted on a logarith-
mic scale, as the octaves are uniformilly
divided, as they are on the piano. On
logarithmic paper the octaves in the fre-
quency scale are equally divided.

Valuable for Matching

As to {irequency operating curves for
transformers and impedances, the data
given herein are equally applicable and the
curves are read in the same way and should
be plotted on a logarithmic scale. After
all is said and done, a frequency character-
istic curve is not as difficult to compre-
hend as one would imagine, after the first
glance at the curve and a perusal of the
figures.

If various types of audio amplifiers are
to be compared, and the frequency operat-
ing curves are on hand, the work is sim-
ple. Study the various curves, not so much
the respective height of the complete curve,
that is the numerical gradations, since these
values are only arbitrary, but rather the con-
tour of the individual curve itself. Does
one give more uniform amplification over
the entire band than the other? Which
has a more acute peak? If the loudspeaker
which will be used is known to be high
pitched it is necessary to used an amplifier
which accentuates the low notes more than
the high ones. These data can be obtained
by studying the curves of the different sys-
tems and selecting the one with the maxi-
mum amplification on the low notes and the
falling charactenstlcs on the high notes.
Quantitative comparisons of different sys-
tems of amplification can only be made if
specifications mentioning tubes, batteries,
voltages, etc., are given with each curve.
Such comparisons, however, are not essen-
tial to the selection of a unit, since the
choice of the unit is not dependent en-
tirely upon the total voltage or energy am-
plification itself. but rather upon the rela-
tionship between the amplification and the
frequency of the applied signal.

WARNING ON LICENSES
Washington.

Aspirants for new broadcastmg statiom
licenses are warned that just as soon as a
radio bill is signed by the President no fur-
ther licenses will be issued bv the Depart-
ment of Commerce. Chief Radio Super-
visor W. D. Terrell says all apnlications for
licenses would then be referred to the Fed-
eral Radio Commission which would be
created by the radio bill.
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The Five-Tube Diamond
May Be Used With Phonograph Pickup
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THE FIVE-TUBE DIAMOND OF THE AIR, the same hookup that won such great popularity, is adapted very ?asily to
a phonograph pickup. The pickup is attached to the tone arm of the phonograph and its output to the input of the Diamond’s

audio channel.

Switch S1 is turned to “off” position.

The phonograph music then plays on the speaker.

Note that the rotors

of C1 and C3 go to grid. This applies only to Bruno condensers.
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By H ood Astrakan

W HEN the Diamond of the Air was
originally designed a provision was
incorporated making it possible to use the
audio amplifier independently of the radio
frequency end of the circuit, or vice versa.
Many - builders of the set included this
feature, thinking it necessary to the proper
operation of the receiver, and others ex-
cluded it, thinking that they would never
have any use for it.

Experimenters who are continually try-
ing out new circuits, both with reference
to the audio and RF ends, found the
feature of great value, as they could test
out various radio hook-ups in a circuit
which they knew the characteristics of.
For example, if they wanted to test a new
detector or a new set of tuning coils they
did not have to build an entire receiver
but only that part which they wanted to
test, the radio {requency portion of the cir-
cuit. They could then hook the output of
the detector of this new device to the
mnput of the audio amplifier they already
had. Much time and expense were thus
saved. And they got a better idea of the
device tested because they could compare
it directly on the same audio frequency
amplifier.

Works Both Ways

When they made the test in this man-
ner there was no question as to the rela-
tive merits, but if they also employed dif-
ferent audio hook-ups they were not
sure where any differences originated.

This, of course, also works the other
way. When they wanted to test different
audio frequency amplifiers, they did not
have to build another radio frequency
amplifier and detector. All they had to do
was to hook up the various audio ampli-

fiers they wanted to test to the same
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detector. The comparison thus made was
more positive in that it eliminated one
source of possible difference.

Those who instalted the feature as rec-
ommended will have no reason to regret
it even if they have not used it as yet,
because the merits are worth new con-
sideration. However, those who did not
install the feature will probably soon re-
gret the omission, because uses which not
even the least experimentally inclined will
pass up will soon be found for it, or more
correctly, have been found.

The feature referred to in the above
paragraphs is the switch Sl, or the four
binding posts inarked WXYZ. When the
receiver is to be operated as a unit W 1is
connected to X and Y to Z by means of
‘straps” or short pieces of bus bar. If the
radio section of the circuit is to be used
independently of the radio, the “straps”
are removed and the binding posts W and
Y are used to connect to the earphones
or to some external amplifier. When the
audio amplifier is to be used independent-
ly of the radio section, the bindings posts
X and Z are used for inputting to the
audio amplifier.

The Phonograph Pickup

A recent development has been the tie-
up between a phonograph and an audio
frequency amplifier. That is, an electric
pick-up 1s connected to the phonograph
and this is connected to the audio fre-
quency amplifier of the radio receiver, so
that the music on the phonograph record
may be amplified and put on the loud
speaker. There is great advantage in this
arrangement. The audio frequency am-
p!nﬁer in modern sets is capable of a
high degree of fidelity, especially .a cir-
cuit like the Diamond of the Air. Also
when a good cone speaker is used in con-
nection with a power tube, excellent qual-
ity may be reproduced. That the cone is
superior o the horn in respect to quality

the five-tube Diamond of the Air.

LIST OF PARTS

I1.OL1—One Bruno No. 9 RF coil.

L2L31.4—One Bruno No. 99 tuning coil.

Cl, C2—Two No. 10! 0005 SF Bruno
condensers.

C4, C5—Two .25 mid. Aerovox by-pass
condensers.

C2—0One 00025 mfd. Aerovox fixed con-
denser.

R, Rl, R7—Three No. !A Amperites,
mounted.

R2—One No. 112 Amperite, mounted
(marked R3. tube 3, in diagram).

AF1—One 3%%-to-1 Bruno Truetone
Mode! D audio transformer.

R3, R5—Two .1 megohm resistors.

R4 —-One 1 megohm leak.

R6—One .5 megohm leak.

R0O—One Bretwood variable grid leak.

J1, J2—Two double circuit jacks.

J3—One single circuit jack.

LS2—One Bruno light switch.

S1—One push pull battery switch.

WXYZ—Four Bruno binding posts.

Five UX sockets (1, 2, 3, 4, 5).

One 7 x 24" drilled and engraved panel.

One drilled socket strip.

Three Bruno Bakelite vernier dials.

One pair Bruno brackets.

One S5-strtand multi-colored battery
cable.

Five battery cable markers.

Two flexible leads for C battery.

Four mounts, bus bar, screws, spaghetti,
etc.

is generally admitted. Here the feature of
the Diamond of the Air comes in. All that
is necessary is to connect the output of
the electric pick-up to the input of the
audio frequency amplifier, more particu-
larly to the binding posts X and Z. The
music on the record will come out of the
cone plugged into jack J3 instead of from
the sound chamber.
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Radio Ceiling Again Verified -
Kennelly - Heaviside Layer Effects Tested

Washington.

NOTHER verification of the existence

of the Kennelly-Heaviside layer has
been established, this time l_)y the Car-
negie Institution. The experiments were
conducted by Dr. G. Breit and Dr. M. A.
Tuve, of the Department of terrestial
magnetism.

For nearly a quarter of a century it
has been supposed that there is a layer in
the upper air that is a good conductor of
magnetic energy. It is believed that the
layer contains free ions and electrons
which may have emanated from the sun,
and that it is the presence of these that
makes it a good conductor. Dr. Breit and
Dr. Tuve have not only experimentally
demonstrated that such a layer exists, but
they have measured its effective height
above the earth and learned somewhat of
how it affects transmission. Other investi-
gators also have obtained good evidence
of the existence of the layer, for example,
Messrs. Taylor and Hulbert, in the United
States, and Messrs. Smith-Rose and Bar-
field, in England.

The Assumptions

It had been suggested that if there were
such a layer, the upper portions of a
given radio wave would move through the
earth’s atmosphere at a greater velocity
than the lower portions of the same wave
where conductivity is not so good.

In consequerce, it was thought, the top
of the wave front would be accelerated
beyond that of the lower part, causing the
wave to bend forward, ultimately bring-
ing it to the earth. Ocean waves top-
pling over forward as they approach the
beach crudely illustrate what was thought
to be one effect of this conducting layer
in the upper air. According to theory, the
layer acted as a “ceiling” bending or re-
flecting radio waves back to earth.

The investigators reasoned that if this
theory were correct, then a receiver at a
given point on the earth’s surface would
record at least two pulses for every pulse
at the sending station. One of these would
reach it by a direct horizontal path
through the air; the other would travel
by way of the “ceiling,” reaching the
recewving station as an ‘“‘echo” or “reflec-
tion.” They reasoned further that if this
were the case then the reflected wave,
since it traversed a greater distance, would
reach the receiver a little later than the
direct wave, and that this difference in
time might be measured.

The Experiment

To test these assumptions the investi-
gators set up a receiving station, eight
miles from the transmitting station. In-
terrupted trains of waves were sent from
the transmitter, each train having a dura-

tion of about 171000 of a second. At the
receiving end the signals were detected,
amplified and recorded by photographing
the tracings made by an oscillating mark-
er.

The photographic records showed con-
clusively that under certain circumstances
each signal was registered twice, and
that, in accordance with the assumption,
there was an appreciable interval of time
between them.

In this manner, through a series of ex-
periments extending over many months, a
technique was developed which enabled
the investigators to demonstrate experi-
mentally that a transmitted signal, de-
pending upon conditions, reached the re-
ceiving station by two paths: the direct
path, (transmitter to receiver) and the
path by way of the “ceiling.”

Fading Theory Expounded

Furthermore, knowing the distance be-
tween stations and knowing the retarda-
tion of the reflection and the speed of
radio waves, the height of the layer was
readily computed and found to be about
100 miles, though it appeared tp rise and
fall during the period observed within a
range of from 50 to 130 miles.

Although these experiments do not tell
whether radio waves are actually reflected
or refracted by the layer, they do explain
some of the peculiarities of transmission.

Fading, for example, one of the chief
woes of the radio fan, is seen to be due
not alone to interference between ground
and reflected waves but to changes in the
height of the layer and in its effectiveness
as a reflecting surface. The measurements
obtained by the investigators showed that
these changes are often very sudden.
They also indicated that variations may
take place with the season and with the
time of day, the layer probably being at
a greater height in Fall than in Summer
and in the afternoon than in the morning.

Progress Achieved

Again, the character of the reflecting or
refracting surface would naturally affect
the quality of the reflected waves. A
bumpy or corrugated surface would tend
to produce “multiple reflections,” causing
interference, confusion and even “fading”
where waves happen to neutralize one
another.

For a long time scientists have been
trying to learn what the forces are which
surround the earth, circulate within its
interior, and penetrate its atmosphere.
Gradually progress is being made. It is
now clear, for example, that the earth it-
self is surrounded by a magnetic field. It
has also been shown that the sun has a
magnetic field similar to that of the earth.

It is probable that all celestial bodies are
surrounded by such fields. Indeed, it has
been suggested that every large rotating
mass, such as the earth, in a manner not
yet determined, is an electro-magnet caus-
ing magnetic force. Verification of the
existence of a conducting layer in the
upper air is another notable step forward
in man’s effort to understand and master
the titanic forces which surround him.

The existence of this layer has addition-
al significance in the possibility that its
movements in the earth’s magnetic field
may induce electric currents, which, in
turn, may have far-reaching effects.
Again, the motion of the layer as a whole
may affect the condition of the lower
atmosphere producing important changes
in electric pressure. The department of
terrestrial magnetism of the Carnegie In-
sitution of Washington, among other re-
search of agencies, is vigorously attacking
these problems in its laboratories at
Washington.

The experiments described were made
with the cooperation of the Naval Re-
search Laboratory, the Radio Corporation
of America, the American Telephone and
Telegraph Company, the Westinghouse
Electric and Manufacturing Company,
and the Bureau of Standards. The possi-
bilities of the importance of the ionization
of the upper atmosphere were pointed out
first by Professor A. E. Kennelly, of the
United States, and later among others, by
Oliver Heaviside, of England. For this
reason the layer is frequently called the
“Kennelly-Heaviside layer.”

Woman Own Operator
In Remote Control Work

Radio science has become so highly de-
veloped as to permit women to serve as
radio operators, the extent of their neces-
sary training being the ability to press a
button.

Heretofore an especially trained radio

operator was required to handle the am-
ph‘ﬁers, batteries, microphones and re-
ceivers connecting the station with a per-
son broadcasting from a remote point by
telephone.
. This intricate system has been elim-
inated by WAAM, which has installed
equipment enabling Ada Bessie Swann,
who conducts cooking lessons from the
Public Service Building over WAAM on
Tuesdays and Fridays, to do her own
operating by merely pressing a button
when her time comes to go on the air.

When she hears the announcer at the
station say, “the next voice you will hear
is that of Miss Swann”, she depresses a
butt_on at the base of the microphone and
begins to broadcast.

High and Low Potentials Distinguished

By Elmer Rabb:t

IN radio articles one frequently sees
mention of high potential and low po-
tential. Thus one side of a condenser is
at high potential and the other is at low
potential. Likewise one side of a coil is
at high potential and the other side is at
low potential . Also one speaks of the
high potential of the grid and the low po-
tential of the filament. Again reference is
made to the high or low potential of the
plate of the tube. Some fans wonder
how it is possible to have a low potential
when the voltage on the plate is high
enough to give a very unpleasant jolt.
One must distinguish between high fre-

quency voltages and low frequency or
steady voltages. The plate of a tube is
always at a high steady voltage or poten-
tial. The filament is always at low po-
tential as far as these steady voltages
are concerned. With respect to the high
frequency voltages the plate may be
either at low or at high voltage. If there
is a large by-pass condenser across the
load of the tube, the plate is approxi-
mately at the same potential as the fila-
ment. Otherwise the potential of the
plate is at high potential at both high fre-
quency and at steady potential. The fila-
ment is at low potential at all times for
high frequency and at steady potential.
It is grounded and it is therefore at the

same potential as the person operating
the set. A test of whether any point 1s
at low or at high alternating potential is
to touch it. If there is a marked change
in the signal strength the point was at
high potential previously to touching the
point. As soon as the point is touched it
immediately becomes low potential. For
radio frequencies the change in the sig-
nal is very great, but for audio frequen-
cies the change is just barely noticeable.
Of course, if there is no change in the
signal sertngth when a high potential
point is touched with the finger it means
that the point remains at high potential,
Thx.ﬁ can only happen in the case of low
audio frequencies (steady potential),
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Radiola III Runs a Speaker
When Special Purpose Tubes Are Used

By Barton Pearce

HE Radiola III is a well-known re-

ceiver, used by many thousands of
listeners. It employs two tubes—a regen-
erative detector and one stage of trans-
former audio frequency amplification. It
is an excellent receiver for local reception
and gets some DX, too. However, it was
originally designed for use with the WDI11
tubes. With these tubes only earphone
volume is obtainable. Upon the appear-
ance of the special detector and power
tubes, many owners of this set wondered
if, with use of these tubes, one could
work a speaker from the two-tube set.
The 112 power tube and the 300-A detec-
tor tube have solved the problem. So
that these tubes could be instalted, only
new sockets need be put in the set.

Using a 112 power tube in the amplifier
portion and a 300A tube in the detector
circuit, the signals could be heard on the
speaker not only in a single room, but
throughout the entire house, where locals
were being received. How this change
was made is explained in the photos and
the following text.

Fig. 1—The receiver is equipped with
WDI11 sockets and these are removed
from the cabinet. This is done by remov-
ing the two large screws, which are found
in the right and diagonally left-hand cor-
ners of the panel. It will be noted that
the entire set contents are mounted on
this panel. The cable, which is attached
to the instrument should be pulled out
with the panel, slowly.

Fig. 2—The little Bakelite socket strip,
which is mounted directly under the cut
out section, is then removed. Now procure
some adhesive tape and cut up into eight
pieces. Mark each piece according to the
socket post markings. Then, before dis-
connecting the wires from the socket,
place these markers on the wires. Also
remove the metal strips holding the soc-
kets, as well as the rubber bands, and dis-
card. Solder eight pieces of bell wire to
the eight flexible wires within the set.
Tape. these leads. Bring these leads up
through the cutout portion, being sure that
you can still see the markers.

Figs. 3 and 4—Now place two X type
sockets on top of the cut-out portion, al-
lowing about 14 inch between them. It
will be found that they just bridge the
gap. Mark the mounting holes with a
scriber and drill holes right through the
panel, using a No. 18 drill.

Fig. S—Place a long 6/32 machine
screw through the socket and panel, secur-
ing the socket by tightening up this screw
with a hexagonal nut on the underside of
the panel. One screw will hold each
socket.

Fig. 6.—Now bring the bell wire con-
connections to their proper posts on the
sockets. These posts are tightened down.
Be sure that the proper leads are brought
to these posts. The panel is now placed
back in the cabinet, the screws also being
placed back.

Fig. 7—Be sure that the cable has been
carefully pulled through the back of the
cabinet. How the larger tubes appear in
the newly installed sockets is shown here.
The wire in the battery cable marked 22
volts plus, should now be connected to
the 45 volt post on the B battery. The

THE PHOTOGRAPHS illustrate how the Radiola Il is made to operate a speaker

satisfactorily, although only two tubes are used. One substitutes X base sockets for

the WDI1 sockets in the set, employs a CX-300A special detector and a CX-112 power
tube, and heats the tuke filaments with a six-volt storage battery.

wire marked 80 volts should be connected
to the 135 volt or 157 volt B battery term-
inal, this dependending upon the volume
desired. The C battery, using the 135
volt B battery should now be increased
to 6 volts. For 157 plate volts use 9 grid
volts. The A battery leads are of course
connected to tke plus and minus of a 6-
volt storage battery. The heavy-duty
Everready Layerbuilt B batteries were
used with great success.

Fig. 8.—The matter of selectivity on the
lower wavelengths with this receiver is
important. The Central Radio Labora-
tories have solved the probtem, with their
new device known as the “Short Wave
Selector,” which is small, compact and

efficient. To install it on this set is sim-
ple. Secure a brass angle of the usual
type used in radio work. Drill a hole about
14 inch in the center of the angle, on both
sides. One hole should be about % inch
in diameter, while the other should be
large enough for a machine screw to pass
through. The side with the smaller hole
is placed up against the set, and screwed
to the box. The device is mounted on
the other portion of the angle iron. Con-
nect the antenna to one post of the selec-
tor, the other post to any one of the
antenna posts on the receiver. "When
ycu listen to the lower waves, snap on the
selector switch. When on the high waves
snap off.

CONDENSER OF 10 MFD. RECOMM ENDED FOR FILTERED OUTPUT

Some persons say that the condenser in
series with the loudspeaker, when the
AC is separated from the DC by means
of choke and condenser, need not be
larger than 4 mfd. Suppose that the tele-
phone or speaker has had an inductance

of one henry. This inductance resonates
with the series condenser at about 80
cycles per second. At this frequency
there will be a peak in the amplification
which is likely to cause serious distortion
and blasting of the speaker. Eighty cycles

per second comes away up in the audible
scale where some of the better class of
amplifiers are still very effective. The
series condenser should be much larger
so that the peak falls at a frequency
where the amplifier is down, say 10 mfd.






