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But who wants them to? They do everything they are expected to, and more, For
transmitting and receiving, they have been the ham’s choice ever since they have
been made, and that proves their quality. And now, to help along, we have madea

NEW

FIXED AIR CONDENSER.

Why not use a LOW-LOSS condenser for blocking as well as tuning? Both grid and
plate blocking condensers are at high R. F. potential—they can waste nearly as
much current as a tuning condenser. Let’s save the waste, and make the whole set
right! And if they spark over—you
don’t have to throw them away.

SPECIFICATIONS
FIXED
TTPE CAPACITY VIOLTAGE
WUMBER M M FD. BREAKDOWN

501 250 3000

502 440 3000

503 966 3000

504 250 5500 $13.00
164 B 220 $7.00
147 B 440 $10.00
193 8 156 $15.00
166 B W $70.00

*11,8. MONEY

P.eceiving condensers of all types—fourto tive bucks.
But send your (IR A for 36 page handbock and cata-
logue. Ask, too, for the folder on the “Tuned Grid—
Tuned Plate” Transmitter. Maybe you've heard it

from 2QA. 3's OM. Pse QSL.
: A The Allen D. Cardivell Mfa. Corp.
(A 81 PROSPECT ST. BROOKLYN, N. Y.

2Q4 i on the air on 40 meters every weekday 11. to 12. and 4.30 to 5. E. S. 7.

“THE STANDARD OF COMPARISON”
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No. 251.8 3.plates
6.2 Mmf . Min-$0 Mmf . Max

Price $2.7

No. 291.T S.plates
6.7 Mmf . Min-90 Mmf.Max
Price $2.75

No, 251.U 7 plates
%,0Mmf.Minl35Mmf.Max

Peice $2.75

@

No. 251.W O.plates
% SMmf.Min175SMof Max
Price $3.25

No. 251-X 11.plates
€.5Mmf.Min220Mmf.Max
Price $3.25

Na. 251-Y 13-plates
9 .OMmf.Minz60Mmf . Maz
Price $3.25

No. 251.Z 15.piates
9.7Mmf.Min 300Mmf . Maz
Price $3.25

True Straight Line Frequency
Condensers . for
Short Wave Work!

E PACENT LABORATORIES now offer

to radio fans interested in short wave ex-

periments, a complete line of TRUE Straight

Line Frequency Condensers, ranging from 3 to

23 plates, from which you can select the con-
denser for your exact requirements.

The Pacent TRUE Straight Line Frequency
Condenser is a precision instrument built for
precision work because—from start to finish—
itis built to the strict standards usually associated
only with laboratory instruments.

You can be absolutely sure of perfect straight
line frequencyoperation withwide,accurate spac-
ing of stations when a PACENT CONDENSER
is installed in your set.

Ask your dealer or write us direct about
these and other Pacent Radio Essentials

Pacent Electric Company, Inc.
91 Seventh Avenue, New York City

Washington Minneapolis

Birmingham Boston Philadeiphia

Cleveland St. Louis Pittsburgh
Canadian Licensed Manufacturers : White Radio Limited, Hamilton, Ont.

Manufacturing Licensees for Great Brituin and [reland:

Igranic Electric Co., Ltd., London and Bedford, England

Chicago Buitfalo
Jacksonville

San Francisco

No. 291.C 23-plates
14.7Mmf .Min$00Mmf. Max
Price §4.50

No. 251-B 17-plates
12.0Mmf.Min} sOMmf . Max
Price $3.50
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vieso of FrontviewofCR-18
interioy h 200 mete

CR.LR with 200 meter coil
intakeunduddition:
ulcoil for 10, 20, 40
und RO meter bands

An Exceptional
Receiver

for High Radio Frequency Reception
EHIND the new Grebe CR-18 Low-Wave Receiver
are seventeen years of experience in manufactur-
ing radio apparatus. This modern coupled regenera-
tive circuit is adapted for the reception of frequencies
between 1500 and 30,000 kilocycles 110-200 meters).
It has several outstanding features:
An Antenna Coupling Coil which  of  tuning and rmaxilgum  signal
provides variable clectro-magnetic  strength. .
coupling between antenna and grid
circuit. Permits of harmonic tuning
1o increase signal strength, gives -
ureater selectivity and reducesinter-  Plate Circuit gives simooth control

irrence and induction noises. of regeneration without affecting
wave-length calibration and tuning.

Bewi Ereguency Control permits
tuning (o a fraction of & kilocycle.

Losses are reduced to a minimum,

“lkets . eliminate micro-
15€5.

- L o Cushion
Plug-in Coils allow rapid change
irom one irequency to another,

Supporting Air Dielectric
(yreve 5-L-F Condensers insureease  Cnils are instantly interchangeable.
Write for detarled descriptiort of this,
the last word in low-wave recetvers.

AL H. Grebe & Co., Inc., 109 West 57th Steeet, New York
Factory: Richmond Hill, New York
Western Branch: 443 So. San Pedro St.. Los Angeles, Cal.

This Company owns and
operates stations WAHG

i . and WROQ; wiso low-
It iswritten:

TN,

} 3 wave rebroadcasting sta-
“Taltking about vii- . tivms, Mobile WGMU
Lue is not so good as / ™. R.E B und Marine WRMU,and
pracuising it.”’ stations 22V and 2XE,
Itis better 1o Lest the
CR-18 for yourseit
than to rest with our

recounting of its vir-
tues,

All Grebe apparatus
is covered by patents
granted and pending.
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EDITORIALS

de AMERICAN RADIO RELAY LEAGUE
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The Problem of Regulation

F THERE is any more bedeviled an art
than radio we want to know what it is.
For eight unhappy years there has heen

an unceasing effort to secure a modification
of the admittedly inadequate radio act of

1912 but still “ND””, There is a fine mess of
fish now created by the Government’s test
case against Zenith, with the implications
the end whereof no man can guess. Any-
thing can happen now. But, judging the
legislative future by the past, it isn’t likely
that anything will happen, at least not very
s00n.

The Court’s decision in the Zenith case
disclosed a large and husky Senegambian
who had been carefully cnncedled in the De-
partment of Commerce’s woodpile. Not
that the Department and some of the more
intelligent radio people like ourselves
{ahem!) didn’t know that he was there, but
never hefore had the wood been neatly
stripped away to leave him blinking in the
sunlight before the gaze of the whole radio
public. 'This mysterious personage was dis-
closed by the decision of Judge Wilkerson
that it manifestly had been the intent of
Congress, in framing the 1912 radio law, to
specify in the regulations in Section 4 all of
the regulations that could be applied to
radio administration, and that, except in
the few cases of specific discretionary power
given the Secretary of Commerce, he is
not suthorized to apply and enforce the
numerous other restrictions and negula-
tions governing power, wave lengths, opera-
ting hours, and so on, with which we have
become so familiar in recent years.

But is all now lost save homnor, is chaos
now upon us? Not by several picofarads!
Fortunately the nature of the few cases of
specific discretionary power given the Sec-
1e*ax'v is sufficient to preserve control of
48% of the broadcasting of the country, and
that is where it was feared the bad boys of
radio might be found. Let us look into this
Zenith case a bit more. The thing revolved
around Regulation Fifteen of Section 4,
which says that no private or ('ommercxal
station not engaged in commercial radio
communication or in experimentation in con-
- nection with the development and manu-
facture of radio apparatus for commercial
purposes shall use a wavelength over 200
meters except by special authority of the
Secretary. The Zenith company held that
they were engaged in the kind of experi-
mentation mentioned, and therefore were

exempt from the necessity of having the
Secretary’s permision to use a certain wave-
length, and that they therefore were en-
titled to follow the provisions of Regula-
tion One which requires every such sta-
tion to designate its normal sending wave,
which shall not exceed 600 meters or shall
exceed 1600 meters. The Court upheld their
contention, and Zenith is thus free to select
any wave it wants except between 600 and
1600 meters. However, this does not mean
that all the applecarts are upset. By far
the great majority of the broadeast stations,
98% of them it is said, are not engaged
either in commercial radio communication or
in the type of experimentation mentioned,
and therefore get to operate in the present
broadcast band only by the discretionary
special authority of the Secretary, and thus
remain in his control as much as ever.

But some of the implications of this de-
cision are somewhat disconcerting to the
amateur. For instance, it is emphasized that
the garden variety of broadcasting station
falls within that class of stations whose
normal sphere of operation is the waves
below 200 meters, and that any such sta-
tion is entitled without more a.do to invade
the the short waves, provided in the process
it can avoid running afoul of some other
regulation or technicality. It is also made
clear that the Department of Commerce
has no legal right to impose on the sta-
tions eligible to operate .below 200 meters
any additional regulations not expressly
written into Section 4 of the 1912 law or
m ovided for therein. Thus wavelength as-

signments in narrow bands, quiet hours,
limitations on types of apparatus—all may
be held to be without legal standing. This
applies not only to us amateurs but to
every other class of station found entitled
tu operate: on waves below 200 meters.

This situation has been no secret to the
officers_and the Legislative Committee of
the A.R.R.L. They have known of it for
vears. In common with other: radio in-
terests, however, they have rvealized that
the art has far outstripped the 1912 law,
that the demand for radio channels is so
pressing that no one interest has a right to
more than it needs, and that as long as ade-
quate legislation is withheld by the pro-
crastination of politicians it is necessary to
rovern the art by extra-legal agreements
arrived at in a spirit of mutual ¢onsidera-
tion and good-will. The national radio con-
ferences of Secretary Hoover have pro-
vided that opportunity.
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Now that it has been thoroly aired that
the regulations applied to amateur radio at
present are extra-legal, it seems necessary
to do some very plain talking in these
columns. We want to say that, law or no
law, the American Radio Relay League
stands four-square and solidly for the
“gentlemen’s agreements” of the Fourth Na-
tional Radio Conference to which it is a
party. It believes that the progress of the
art and the changes in it in recent years
have been so great as to indicate clearly
the necessity for applying to radio admin-
istration some regulations that are in ex-
tension of the powers given the Secretary of
Commerce under the 1912 law, and it sub-
scribes to Secretary Hoover’s plan of an-
nual unofiicial agreements within the art
for that purpose so long as we have a hope-
less radio law. All hands must admit that
there is no other way out. The League be-
lieves that the agreements made at those
annual conferences have a greater moral
weight than would a claim to wholesale
privileges invoked wunder the technicality
that the 1912 law is still on the books. The
amateur has fared well at those confer-
ences; we have all the territory in the radio
spectrum which we need, and about all to
which we are morally entitled. Any ama-
teur, therefore, who might be so foolish as
to think that he can get away with opera-
tion on a wave length outside of the pres-
ently-authorized amateur bands is just beg-
ging for trouble—and it is very certain to
hit. him in the neck with a strength of R9.

Meanwhile there’s a grand racket on in
Congress about new legislation. In addition
to the White and Dill bills, Senator Borah
presented a somewhat similar bill providing
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for regulation by an independent commis-
sion and containing very strong anti-mon-
opoly provisions, so strong in fact that it is
doubtful if the bill will find many friends.
Then Senator Dill revamped his bill and
now, instead of providing an advisory com-
mittee as proposed by Congressman White
and in his own original bill, he has switched
over to the idea of a governing commission,
similar to the Interstate Commerce Com-
mission, which would take radio control
from the Department of Commerce and run
it independently, reporting direct to the
President. Nobody knows what is going to
happen to all these bills. The Coolidge Ad-
ministration wants the White Bill, with
radio remaining under the Secretary of
Commerce, with the commission and ad-
visory one to the Secretary; the other
bills are anti-administration. Politics is now
controlling the situation. Tt will control
both the choice of a bill and the decision
whether there will be any action at all or
not hefore Congress adjourns. This is elec-
tion year and the boys are hot to et home
and pass out the cigars. The fight over
whether radio admisistration shall remain
with the Secretary of Commerce or shall go
to an independent commission promises to
be a bitter one, and the best observers in
Washington are of the opinion that nothing
will eventuate before adjournment about
carly June. The League is studying the sit-
uation carefully to determine its action.
It is sincerely to be hoped that matters have
gone far enough now to impress upon the
Fathers on the Hill the extreme desirability
of early but well-thought radio legislation—-
but we doubt it.
: —K. B. W.

WWYV May Suspend
Transmissions

E are advised that the standard fre-
\X/ quency transmissions from WWYV
may be suspended on the ground
that the Radio Section of the Bureau of
Standards feels that the work is no longer
necessary. 'The Bureau feels that enough
calibration services are mow available so
that WWV’s work is less valuable than for-
merly, also that the coming of the crystal
oscigator has reduced the need for WWV’s
work.
In view of the great enthusiasm with
which 1XM’s short-wave transmissions have
been met this seems doubtful, especially as

there has just begun a movement to take
greater care in the exact location of ama-
teur transmitting wavelengths. The Tech-
nical Editor of ¢ST feels that the loss of
WWV would be serious. Furthermore,
most of our sources of Piezo quartz crystals
have just been closed, and very few labora-
tories are able to furnish accurate calibra-
tions on our shorter wavelengths.

In view of these things it seems imper-
ative that all A.R.R.L. members using the -
service from WWYV notify the Bureau at
once, sending a copy of the letter to the
Technical Editor of QST. The Bureau may
be addressed as, “Radio Section, Bureau. of
Standards, Washington, D. C.”
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Polarized Transmission

An Interview with Dr. E. F. W. Alexanderson*
By Robert S. Kruse, Technical Editor, QST

HE title of this paper, after the
I fashion of titles, is not exact for it

suggests that ordinary radio trans-

mission is 7ot polarized.  For the
purposes of this paper, however, it is con-
venient to think of all radio transmission as
being polarized, horizontally, vertically or
otherwise.

As soon as that is' said one sutomatically
asks for the meaning of these terms; what
does a vertically polarized radio wave look
like—how does it differ from a horizontally
polarized radio wave? Unfortunately it is
practically impossible to draw pictures that
will show the thing understandably, al-
though one could make wire models to show
it tolerably well. The best way of getting
straight on the matter is to start with some
familiar thing and work that to the polar-
ized waves we are talking about.

Suppose that we consider the ordinary
_vertical antennas shown in Fig, 1a and 1b.
At 1a we have a vertical Hertzian antenna
‘suspended some distance above the earth.
This antenna is supposed to have gone
through several oscillations and is at this
instant in the condition of having the great-
est current at its center (at B), The shells
surrounding it represents the elecirical field.
At the same time there is present a system
of magnetic whirls about the antenna and
these are shown at 1b. We will begin by
cailing this sort of thing a vertically polar-
ized radition, remembering that hoth the
electrical field of 1a and the magnetic field
of 1b are present at the same time, also
that both are g¢preading in all directions,
the diameter of the fields increasing with
enormous speed. For instance the right
hand edge of the magnetic field is rushing
to the right at a speed of $0(,000,000 meters
per second.

The Electrical and Magnetic Fields

This point must be thoroughly straight-
ened out before we proceed—we can investi-
gate either the R. F, electrical field or the
RR. F. magnetic field but neither can ewist
without the other. The electrical field is
sometimes mis-called the *“static field” but
that term is entirely incorrect for it means
“ctationary field” and is certainly not cor-
rect to speak of “static” fields when things
are moving with the speed of light.

If that point is straight we can proceed
to the reasonably plain statment that such

* Consulting Engineer, General Electric Company
and Chief Consulting Engineer, Radio Corporation of
Ameriea,

4 combined field can be received (which
means noticed) by means of either a loop or
a4 Hertzian antenna. This point was con-
sidered in the paper on Dr. Pickard’s ex-
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THE FIELDS ABOUT A VERTICAL
HERTZIAN ANTENNA
a—The_electrical field, sometimes mis-called the

static field.
b—The magnetic field.
Both are present at the same time and place: howe
are expanding with the speed of light.—Zenneck-Seel-
ing “Wireless Telegraphy”.

FIG. 1.

periments in horizontal reception.! For con-
venience we can consider the loop as work-
ing on the magnetic part of the field and
the Hertzian (straight rod) collector as
working from the electrical field. This is
shown in Fig. 2 which also shows the posi-
tions the two devices will assume for best
reception near the sending station.

Marconi Antennas

~ Now we have fairly cleariy in mind the
thing we call a “vertically polarized radi-
ation,” but we have been thinking of a
1. February 1926 QST, Page 9.
2. At a considerable distance from the sending
st'al,lon these results are moditied as explained in Dr,
Picard’s artiele referred to ahove.—Tech. Ed.
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Hertzian sending antenna such as that
ghown in Fig 3a, neither end of the sys-
tem being near the carth. When we use
a Marconi antenna like that of Fig. b the
lower half of the electrical field (the part
dotted in Fig 1a) will be missing, because

A VERTICAL AND A HORIZONTAL ANTENNA
IISED FOR COMPARISONS AT THE SOUTH
SCHENECTADY DEVELOPMENT STATION

What appears to be & T antenna is really a horizontal
Herizian antenna ied by a 2-wire R.F. line which daes
not radiate appreciably-—leaving the horizontal top
alone to radiate.

Photos courtesy My, W. T. Meenam, Publicity Dep't,
Gieneral Electric Company.

it is cut off by the earth. This may be
thought of as meaning that the advancing
wave “drags its feet on the ground,” there-

AT
FiG. 2

RECEPTION FROM AN ORDINARY VERTICAL
HERTZIAN ANTENNA

LLL i,mms ret for strongest signal.

A A A Small Hertzian receiving antennas sct for

sirongest signal.

by wasting energy and slowing itself down
a trifle. More of that later.

Effective Height

For vears we have been using antennas
that were grounded or else that had coun-
terpoises rather close to the ground. These
antennas were worked with more or less
ioading and under these circumstances (at
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least if wavelengths of 300 meters or more
were used) it was mainly the height of the
antenna that mattered. Radio texts accord-
ingly fell into the habit of stating that the
vertical part of the antenna radiated while

5 /m?e"
Dirtrrbu [/m

‘\“,

&= HERTZAN ANTENNA D-AdRccwy anrensid

FIG 3 -ANTENNAS

. VERTICAL ANTENNAS

2 Hertzian antenna which wouid have a field like
that of Fig. !.

b  Marconi grounded vertical antenna which would
have the upper half of the field shown in Fig. 1
plus some earth current in the ground under the
antenna.

the horizontal part (if there was one) did
nothing but act as a loading capacity.

Very probably some of my readers have
tried to understand this sort of statement
and have wondered why it should be pos-
sible for a vertical wire with R. ¥. current
in it to lose energy to the ether but the
same wire placed horizontally (with the.
same sort of ether around it and the same
gort of R. F. current in it) should sud-
denly be unable to lose energy to the e¢ther.
The explanation is simple—it isn’t so. The

texts did not state an untruth, they were
merely careless in the way that they put
their statement.

What they meant to say

) o T Y T e
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CONSTRUCTION OF THE SPECIAL
HORIZONTAL LOOP
¢’ C C Condensers ennstructed as shown in photo-
graph.
IR R Insuiators breaking up each section.

The current flows thru the antenna as shown trans-
ferring from one wire to the other in each section.
This series capacity neutralizes the inductance of the
section at the resonance frequency.

was that with the sort of wavelengths we
were then using and with the sort of an-
tennas we were then using it was the verti-
cal part of the antenna that produced the
“distance effect,”” The horizontal part of
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the antenna lost energy to the ether (radi-
ated) also, but not in such a fashion as to
have much useful effect at the receiver —
in other words the horizontal wire did not
contribute to the “distance effect” except by
reason of the effect it had in causing more
current to flow in the vertical wires—
which is the capacity loading effect pre-
viously referred to.

Horizontal Radiation

Now it is not pretended that all texts
were guilty of the statements just referred
to but many were—and for that matter the
statement fitted our old conditions—-of

A—Loaded antennas.

B—Fairly long waves

(—Ground connection or fairly high-
capacity counterpoise.

However as we went down as to wave-
length a variety of peculiar effects began
to he noticed. Some of us found, in tests
with NSF, that some wavelengths could not
be heard well close to the station but could
be heard well at a distance. 1XAQ at Sil-
ver Lane, Conn, could not be heard at
1XAM, at S. Manchester, Conn., but got
into Washington D. C. in good shape. We
also found that wavelengths below 50 met-
ers were quite likely to be better by day-
light than by night. We began to notice
all sorts of irregular effects. One of the
newer of these efrects has been that of re-
ceiving 40-meter signals better with a hori-
zontal antenna than with the regular verti-
¢al antenna—as was explained in the article
on Dr. Pickard’s work. Here was reception
with an antenna having NO “effective
height at all” -— a thing which should not
work if the waves were traveling as shown
in Fig. 1. As was explained in that paper,
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FIG.5

CIRCUIT OF THE EXPLORING ANTENNAS
T.G. Thermo galvanometer.
C.C. Tuning condenxers.

the only possible explanation was that the
wave was either partly or wholly twisted
around so that its axis was horizontal in-
stead of vertical. Before this time a num-
her of amateur stations had been sending
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with horizontal Hertzian antennas (instead
of the usual vertical or bent ones) and had
been getting very decent results—which
again was not in line with our notions on
the ways radio waves act.

Dr. Alexanderson’s Experiments

These facts seem to hitch together plain-
lv enough now, but at the time everyone
seems to have ‘overlooked what was going
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THE POLARIZED WAVE MODEL

W W W Brass nuts representing particles of ether.

¢ CcC Brass nuts acting as counterpoises to re-

move effect of gravity.

Rubber bhands representing the elastic

attraction between the particles of ether.

Wooden yvokes suspended to permit free

vertical oscillations of W W,

8 Water bucket containing wooden paddle
fastened to last weight. This water ab-
sorbs the wave and prevents it from
being reflected back. The action is
exactly similar to that of the resistance at
the end of a Beverage wire.

R R R
YYy

on—namely that we were actually able ta
carry on 40-meter radio transmission and
reception with sending and receiving anten-
nas having zero “cffective height,” showing
rather plamly that the waves were not
traveling in the fashion suggested by Fig. 1.
Dr. Alexanderson’s attention was called
to these things by some effects which were
noticed near the double loop antenna shown
in one of our photographs. (Page 13
This antenna system was being operated for
another purpose when it was noticed that
the electrical field near the antenna was ap-
parently of a ‘horizontally polarized” na-
ture—that is it was possible to receive the
signal with a loop laid down flat, in which
position the loop will not pick up ordinary
signals at all.
Work at different distances showed some
additional peculiar effects and it was thought
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worth while to put up an antenna system
which would give out radiations almost en-
tirely “horizontally polarized.”

The Horizontal Loop

A special horizontal loop was built and
tuned to 50 meters wavelength. This spe-
vial loop is shown in the photograph on page
15, Tt will be seen that this is a very large
loop for 50 meters. The size was made possi-
ble by the construction shown in Fig. 4. The
series condensers are shown in the photo-
eraph  (Page 13). The condensers
are made of a pair of copper “cymbals”
placed on a rod of treated wood or “mycalex”
with a spacing of %’ between the flanges,
wiving a capacity of about .00035 micro-
furad (350 micromicrofarad).

Transmission Methods

With this antenna—or loop—a variety of
peculiar cffects was observed. To investi-
gate these things still further a horizontal
half-wave antenna was erected at the South
Schenectady test station where it was
occasionally used to transmit at 380 meters,
using the regular WGY programs and get-
ting reports on reception from broadcast
listeners. In addition to this, various
Hertzian half-wave antennas
were put up in different places, these
antennas being fed by 2-wire R. ¥
lines to make sure that only the elevated
horizontal part radiated. At present there
is also in operation a commercial station
with a horizontal elevated Hertzian half-
wave antenna fed by a 2-wire R. F. line.
This station operates at approximately 16
meters wavelength and seemipgly contra-
dicts the skip-distance conclusions with re-
gard to that wavelength. This station. is
located at “Radio Central”, on Long Island,
New York and with a power of about 10
K.W. handles commercial traffic to Monte

horizontal

DR. ALEXANDERSON OPERATING POLARIZED
WAVE MODEL

Girande in Argentina, about 18 hours per
day. It can also be heard at some points
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where there should be silence according to
the skip-distance figures usually accepted.

The various effects referred to above need
some explanation and that explanation can
be given most easily by considering one ex-
ample—namely the special 50-meter loop
shown in the photograph and in Fig. 4.
This loop was operated during the writer’s
visit to Schenectady and Dr. Alexanderson
was kind enough to give mwre than a
day and a half to some field demonstrations
of the things that had been found out. The
field near the antenna was explored with
some ‘‘exploring antennas” somewhat like
those shown in the photograph with the
same caption. Being of later type these
“exploring antennas” used improved connec-
tions as shown in Fig. 5. The scheme of
using these things is simple envugh. One
tunes the circuit at the center to the oper-
ating wavelength and then manuevers the
‘“exploring antenna” around until the meter
shows the greatest deflection, at which time
the length of the exploring antenna lies
along the lines of the electrical field at that
point. If the antenna field is quite power-
ful this operation does not distort it too
much. On the day at which we explored the
space near the horizontal loop the electrical
field showed an inclination of 45 degrees to
the right of the vertical as one faced the
transmitting station. This c¢an also be
stated in another way—namely that there
was a vertical radiation and a horizontal”
radiation of about the same strength and
that the two were in phase,

Corkscrew Waves

The next thing was to show what happens
when one goes away from the antenna. Of
course the exploring antennas will not work
very far away from the station, even though
there are several kilowatts of antenna ener-
gy. Therefore a loop receiver was used for
explorations at greater distances. This set,
operated_by Messrs. Rockwood and Snyder,
is of sufficiently unusual construction so that
it. deserves description in a later issue of
OST.  For the present it is enough to say
that it is a thoroughly shielded 4-tube job
with one stage of R. F. amplification and
interchangeable tuning systems—and so
built that it can readily be calibrated and
therefore used to give field strengths in
microvolts-per-meter. Dr. Alexanderson
now turned his car into a radio exploration
car and took us to various points where the
set could be used a little ways off the
ground. Some of these points were on
bridges, others at the edge of sharp drops
in the surface of the state of New York—
places where the waves probably would not
be especially deformed by objects near them,
before reaching the receiving set.

Quoting from a paper by Dr. Alexander-
son—“The composite picture which was ob-
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tained from this test was a continuously
twisting plane of polarization with alternate
points of plane and circular polarization.

DOUBLE LOOP ANTENNA
The existence of horizontal radiation was first sus-
pected when this signal put strong signals into ‘“Radio
(Central” on Long Island althouxh ordinary receivers
near the station showed no response.

The plane polarization was indicated by
sharp direction bearings while circular po-
larization was indicated by equal intensity
from all directions. The observations in-
dicating plane polarization sometimes gave
bearings toward the transmitting station
and sometimes at right angles. Besides
these measurements around the vertical
axis other observations were made with the
loop in the horizontal plane. On flat fields
the horizontal position gave nearly zero rve-
sponse. At the top of a steep hill and a
high bridge the response in the horizontal
plane was equal to the vertical. These ve-
sults indicate the presence of a horizontal
and a vertical wave component WITH DIF-
. 'E’I%I;IENT VELOCITY OF PROPAGA-
Whenever the two waves (H & V) are in
phase, they give plane polarization. When
they are 90 degrees out of phase they give
¢ircular polarization. The observation with

TUNING COILS AND CONDENSERS
The ituning coils are used in the downleads of the
muitiple-tuned antenna shown in another picture.
The condensers are used in the wmultiple tuned an-
tenna, also in the special horizontal loop and other
special antennas.

the loop in the horizontal position on the
top of the hill and the bridge show that even
& moderate elevation is sufficient with short
waves to reach the point where the hori-
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z.optal electromotive forces are not short cir-
cuited by the ground.

Making the Corkscrew Wave Visible

Again we have urrived at s point where
we would like to have a picture of the thing
we are talking about. This time the thing
is possible—the picture can be shown. The
newspapers have made familiar the appara-
tus shown in our photograph, “Dr. Alexan-
derson Operating the Polarized Wave
Model” but have not furnished much of an
explanation of its action. Unfortunately
the photograph shows very little of the ap-
paratus which is therefore shown in
the sketch Fig. 6, Here the weights
W W W W W represent small portions of
the “ether” we transmit through. Now
these particles are supposed to hang in
space but to be free to oscillate to some ex-
tent in any fashion, always being drawn
back to their normal positions as if they
were suspended in a rubber sponge or a
jelly. It is therefore necessary to make
the brass weights have inertia—which they
naturally have—but to keep them from fall-
ing. Kach weight is accordingly hung by
a string from a light wooden voke on the
other end of which is hung an exactly

Ll
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‘[ Verteeal asciflalion i the mode!
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Horizontal ascidiation in the mode!
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Nuts not shown.
- @ hited \ ascitlate in /{;’gzr-
. mediate palhs
45° oserlation in model ~Sesphote also
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EFFECT_ OF SENDING VARIOUS KINDS
WAVES ALONG THE MECHANICAL
ETHER-MODEL

OF

similar weight C ¢ C C ¢ which is merely
a counterpoise or gravity neutralizer. Thus
each of the weights W can oscillate up and
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down by rocking its yolk or can swing back
and forth in any direction (because it is
hung on a string). We have now made the
weights free to oscillate in any fashion,
just as can our theoretical particles of
“ether”. “A screen is set up so as to hide
the connterweights and avold confusion in
observing the wave motion.” To complete
the model it is only necessary to imitate
the elastic connection between the particles
of “ether” and this is done by «<onnecting
the weights W W W W by means of rub-
ber hands, R R R R R. There are 22
weights altogether, making a series long
enough to observe the effects that have been
tested in actual transmission by radio.

Dr. Alexanderson demopstrated the action
of the model to the writer and explains it
as follows..... .

“We will assume that the medium through
which the radio waves pass has such char-
acteristics that the velocity of propagation
for a wvertically polarized wave differs
slightly from the velocity of the propa-
gation for a horizontally polarized wave.
it is not necessary for the present purpose
to try to explain the reason for this dif-
ference in velocity. We may assume that the
reason for it is the electro-static or mag-
netic earth-effect or a retarding effect due
to the closeness of the earth. Whatever the
cause may be we may assume that such a
difference of velocity exists and the mechan-
ical model has been constructed so as to
reproduce such conditions. The weights on
both sides are tied together with rubber
bands. Wave motion in the horizontal or
vertical planes can thus be studied inde-
pendently and these two wave motions may
be adjusted for different velocities. A wave
started in the vertical plane maintains itself
vertically and a wave started horizontally
maintains itself horizontally— (See Fig. 7.).
“If, however, a wave is started in a plane
45 degrees between the V. and H. it is found
that the wave motion proceeding there-
from assumes the shape of a spirial. (See
photo of model.) The straight-line oscilla-
tion of the first weight is passed along as an
eliptical motion which gradually (as it
passes successive weights) widens into a
circle. Then this circle narrows down again
(as it passes still more weights) to an
elipse and finally a straight line at right
angles to the original line of oscillation.
(See Fig. 7.) This is exactly in accordance
with the theory. The point where the wave
has shifted its plane of polarization 90
degrees, is the point where the faster of the
two waves is half a wavelength ahead of
the slower wave. From this point on the
wave proceeds, repeating this peculiar spiral
motion.  The fact that the twisting of the
waves is due to different velocities in the
two planes of polarization can also be
demonstrated by this model. For this pur-
pose rubber bands are added to the counter-
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weights. The effect of this is to change
the velocity of propogation in the vertical
plane whereas the velocity in the horizontal
plane has not been effected because only the
vertical motion is transmitted to the counter-
weights by the suspension yokes. The sys-
tem can thus be adjusted so that the
velocities in the horizontal and the vertical
planes are exactly equal. After this has
been done it is found that the tendency to
spiral motion disappears and the wave re-
mains strictly in the plane in which it has
started,

While this mechanical experiment does not
bring out any facts that were not known

EXPLORING ANTENNAS. THE CIRCUIT FOR
THE LATEST TYPE IS SHOWN IN FIG. 5

from the classical theory of wave motion
it helps us to visualize the main phenomena
in t_he_ radio wayve propogation which we are
trying to explain. The phenomenon of con-
stantly shifting plane of polarization which
we discovered experimentally in the tests
between Schenectady z2nd Long Island can
thus easily be explained. This conception of
the wave motion is also a help in explaining
the phenomena of fading. There is much
cxperimental evidence that fading is a phe-
nomenon of wave interference. In other
words the fading is due to the fact that
the radio waves arrive at a certain point
through two paths., The waves will some-
times add to each other and sometimes
neutralize each other (more or -less com-
pletely). If we keep in mind the observa-
tions on the mechanical model to the effect
that the waves in two planes can be traced
through separately and distinctly we may
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conclude that- the two paths of the radio
wave which produce fading are not mneces-
sarily two separate physical paths but may
be the two paths in the horizontal and the
vertical plane of polarization. It is unot
hereby suggested that his mechanical equiv-
alent is sufficient to explain the fading in
actual radio transmission, It is offered for
whatever it may be worth as a help to in-
terpret the many observations in actual
.]r.-adig ,Eransmission which are being accumu-
ated.

The Practical Effect

There are some things in radio that need
explantation but which do not have such ex-
planation at present. Dr. Alexanderson sug-
gests that the irregularities of radio com-
passes (especially at sunset and sunrise),
the failure to obtain a proper line of di-
rection on an airplane which is sending with
a trailing antenna and flying at a direction
other than straight to or from the compass,
the fatlure of these seeming errors of
direction to show up when receiving with a
Beverage wire—that all these things can be
recognized as being the characteristics of
waves partially polarized in a horizontal
sense.

“The observation that the wave seems
to come straight down from above (compass

F::csugt"T

L “C L3
FiG. 8

THE CONNECTIONS OF THE MULTIPLE-TUNED

ANTENNA SHOWN IN THE PHOTOGRAPH

€ (¢ C Condensers coupling the different sections.

L L L Tuning coils for adjusting the sections to

operate in phase.

Note that the svstem acts as if it consisted of a
number of T antennas end to end. each one having an
inverted T counterpoise. The end section in this case
is of L form, though it may be of T form. The cur-
rents in all downleads are in phase and practically
equal although energy is fed to oniy one.

ean be rotated about usual vertical axis with-
out etfect on signal) suggested an explana-
tion that wave components radiated directly
upward had been reflected down hy the
Kennelly-Heaviside layer. This explanation
seems however less likely in view of the
other facts to be considered. Putting all
these facts together it seems now that the
old observation on the long wave, the air-
plane and our recent work on the horizon-
tal loop can all be explained as a character-
istic behavior of the horizontally polarized
wave. In all three cases the wave appears
to come in from unexpected directions but
actually it does not. When in the third
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case there is no direction indication, and the
wave appears to come in from above this is
also an illusion.

SPECIAL LOOP FOR SENDING HORIZONTALLY
POLARIZED WAVES

The construction is shown in Fig. 4. The double
downleads neutralize each other, leaving only the ton
to radiate. Current rush around this top in one direc-
tion and then in the rveverse, producing a circular
“drag” on the ether. Directly under the center of the
loop (where Dr. Alexanderson is standing) there irx no
effect on the exploring antenna. The masts are of
wood and the supporting ropes of tarred hemp to pre-
vent distortions as fur as possible.

The question is: what really does happen?
This is a problem on which the experiment
with the mechanical model can throw some
light. We must for this purpose return to
the idea that the radio wave is a mechanical
wave motion in the elastic medium (“ether”).
In the model the weights represent the mass
and the rubber bands the elasticity of this
medium and the vertical as well as horizon-
tally polarized wave can easily be repro-
duced, but when we are to imitate a wave
motion over the surface of the earth, we
must also in some way imitate the Presence
of the earth., The earth is a conductor and
therefore the elastic strains represented by :
the rubber bands cannot exist in the earth.
Displacement currents in the electrical
nedium can, on the other hand, induce con-
duction currents in the earth. These cur-
rents are electrons in motion which can be
represented by weights which are not tied
together by rubber bands in the horizontal
plane, whereas they ave electrically asso-
ciated with the electric medium above. To
imitate this condition, additional weights
may be hung from the weights W W by ver-
tical rubber bands so that they are elastically
associated by the wave medium but are not
connected to each other. If now a hori-
zontally polarized wave is seut through this
system it is found that the wave motion is
propogated to the vertically suspended
weights producing elastic strains in the
vertical rubber bands. We must now re-
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member that the elastic strains represent
B.M.Fs. and these strains so produced are
of the same character as if they were a
part of a vertically propogated wave motion.
Actually no such wave motion exists and
these strains are only the electromotive
forces which produce currents in the
ground!! A receiving loop set broadside to
the advancing wave will not collect energy
but the ground currents produced by the
wave will put cnergy into the loop. The
test for horizontally polarized transmission
near the earth then becomes the ability to
veceive with a loop set broadside to the
advancing wave—at right angles to the
direction of the station. If this theory is
correct the effect should disappear at some
distance zbove earth and the horizontally
polarized wave should show a line of
direction if observed—for instance—from an

A MULTIPLE TUNED ANTENNA FOR
SHORT WAVES

‘The ¢onnections are shown in Fig. 7. This type of
antenna is also referred to as the “‘infinite velocity
type” wince the energy fed to one downiead appears in
the same phase in all the other downieads. Note the
condensers and inductance coils which are shown also
in another phntograph.

airpiane. UJsing short waves the necessary
distance from the earth can be gotten with
apparatus as simple as a 60-foot wooden
telegraph pole and this sort of test has been
made 5t Schenectady. The results seem to
confirm the suggestion just made. It is
twped that it will be possible to make air-
plane tests.

Concerning Long Waves

“Direct observation of horizontal polari-
zation at long waves could made only
at great heights but indirect observations
through the effect of ground currents can be
inade by ordinary direction finders at any
wavelength,  If this theory is correct it
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means that the irregularities of direction
finder indications recorded on long waves

THE FIELD SET IN ACTION

Dr. Alexanderson is standing at the right. The
loop is being maneuvered by Norman Snyder. The
half-frozen person illusirates the way a Hartford

citizen feels in up-state New York. Spring weather,
Photo eourtesy Mr. Rockwell.

can be explained by the presence of hori-
zontally polarized wave components.”

The Various Velocities

Some of 1y readers will doubtless bhe
troubled by the suggestion that there are
several speeds of travel for radio waves.
We have hecome used to thinking of 2 fixed
speed of 300,000,000 meters per second—-
or more correctly 209,820,000 meters per
second. We know, however, that there are
such effects as reduced wave velocities on
wires, ag is seen in the familiar Beverage
wire where the advancing wave is able to
build up the energy in the wire for only a
certain distance and then gets ahead of the
“wired wave” so that a longer wire is of no
further use and a great increase in the wire
length will actually result in a decreased
signal. The reverse thing happens in the
Alexanderson “Multiple~Tuned Antenna”,
such as shown in one of our photographs
and also in Figure 8. Here the energy is
fed into one of the downleads yvet the cur-
rents in all the downleads are in phase if
proper adjustment is made. Another way
of looking at this is that an electrical wave
rotion huas been sent through the system
instantly so that it is at all downleads st
once.

In this way one can see that the speed of
waves in free space is one thing, while their
speed when associated with a conducior is
another thing entirely. This makes it seem
quite plausible that horizontal and vertical
polarization may produce different wave-
speeds since they are not associated with
the ¢arth in the same degree.
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Of, By and For the Beginner

By J. T. McCormick*

HIS article is meant for heginners
and is written by a beginner. Old
Timers who need a good laugh are
welcome., Come on in!

The writer (the beginner of the first part)
has had poor luck in securing advice from
old timers. They have #ried hard enough,
goodness knows! The difficulty lies in their
not getting the bheginner’s point of view.
Beginner’s problems simply are not prob-
fems to the old timer—and there you are!

I recently began to “get out” with my first
little “peep peep” station. I believe that
an account of my experience in “getting on
the air” will prove rather helpful to the fel-
low who is just a jump or two behind me.

My first crystal set worked “right off the
bat” but my first transmitter has, er—
taken some of the conceit out of me. Be-
fore receiving my license, I knew every-
thing—ves, everything! I had built a neat
little outfit, transmitter and receiver com-
bined, somewhat as it appears in the photo-
gra({)hs, but not quite! Changes have been
made.

Trouble Begins

The original transmitting hookup was a
master-oscillator power-amplifier affair, us-
ing a 96-volt storage B-battery for power
supply. 201-A tubes were used. [ fondly
hoped to neutralize this thing on forty
meters! T suppose it could have been done
by using enough shielding, time and, pos-
sibly, separate batteries for each tube. T
did not have sufficient patience, however.
Neutralization not being entirely neces-
sary, it remained unneutralized.

My license finally arrived and I set out to
“knock ’em dead” with low power. I had
no meters and so was using the usual flash-
light bulb to indicate resonance in the
antenna circuit. I had no difficulty in tun-
ing the plate circuit of the power amplifier
to resonance with the master oscillator. A
flashlight bulb shunted across the antenna
pick-up coil did the trick. When I tried to
tune the antenna to resonance, however, I
ran into difficulties. I did not have enough
antenna current to light the bulb. I had
forgotten the radiation resistance!

I finally conceived the idea of placing the
bulb in the tuned plate circuit of the power
amplifier. The bulb, by the way should be
inserted in the lead going from the variable
vondenser to the plate of the tube. If it
is placd in the other condenser lead, the cur-
vent is too great and it will burn cut. When
the antenna circuit was then tuned more or
less to resonance the bulb went out.

# 9BHR, 1921 Monroe $t.. Topeka, Kans.

Simple! The bulb was then short-circuited
by means of a switch provided for that pur-
pose. Fine! I now knew, at least, that I
was radiating some energy.

. Next, I wanted to know what my sta-
tion sounded like on the air. I tuned my re-
ceiver to forty meters. There was nothing
but a “swish” to indicate that my trans-
mitter was oscillating. I had expected this,
however. . The transmitter oscillations being
comparatively strong, the receiver was
drawn into unison with the transmitter.
f next tune the receiver to twenty meters.
Ye gads! the wave was afflicted with St.
Vitus dance! 1 loosened the antenna coup-
ling. Much better! I loosened it still more.

I next made a discovery. I listened on
eighty meters and found that the wave
seemed much steadier than when I listened
on twenty. A little thought solved this
mystery. For every change in frequency
made by the transmitter its second harmonic
goes through a change of frequency twice
as great. When I listen on twenty meters [
was listening fo the second harmonic of
my transmitter and things sounded twice as
bad as they really were. When listening
on eighty meters I wasg listening to the

TOP VIEW SHOWING THE VARIOUS SWITCHES
REFERRED TO IN THE DIAGRAM

main wave of the transmitter with the
second harmonic of my receiver.

All this sounds as if I had been holding
the key down for hours. Not so. I believe
that a fellow ought to have some sort of
an idea as to what he is trying to find out
before he starts to test. If I do not hear
what I want to hear within a minute or two,
it is time to “shut ’er off” and think it over
again.

I next tried working the key. Another
problem! My note had a terrible “tweet”.
By “tweet” I mean that the wave *“skidded”
cvery time T pressed the key, so that I
heard only the dots and the beginning of
the dashes or else heard only the tail end of
the dashes—depending upon how I tuned
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the receiver. I knew, in a general manner,
the cause of this, but try, as I might, r
could not eliminate that “tweet”. It seemed
that the tube impedance hegan to change
the instant the plate current started to flow
and continued to change for a xonsxderable
{raction of a second. While the tube im-
pedance was changing, the frequency was
also changing. [ did not try to “work’ any-
body. No one could have read such a note
—though lots of folks never seem to think
of that.

A Simpler Set
suppose I should have “stuck to my
hush” but T did not. ¥ decided to work with
something simpler and so discarded the
whole master oscillator scheme.
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I had been using a C-battery in the oid hook-
up and continued to use it in the new one.

(zrlei and more grief! The same oid
“tweet” persisted. Moreover, T now had
no means of tuning my antenna to reso-
nance. I decided to light up that antenna
“ammeter” or go broke. I went to the near-
est radio store and spent thirty dollars for
another 96-volt storage B-hattery and two
ziol%{ars for a Bradleyohm to serve as a grid
ea

Glory be! My “ammeter” lit! The
variable leak eliminated the “tweet”. When
the leak was properly adjusted, my note he-
gan to “toot”, as it should, instead of “tweet-
mg” If you do not understand what I am
trying to say about ‘“tweeting” and “toot-
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THE TRANSMITTER RECEIVER DIAGRAM OF CONNECTIONS
€'1 Tuning condenser for receiver secondary.
(2 Feedback or regeneration condenser of receiver.
('3 and 4 transmitter primary tuning condensers. There really should be the two

halves of a double condenser.

€5 Antenna-tuning condenser of the transmitter.
1, €2, C3, C4 and C5 are all receiving-type condensers with piates of a shape to give

an approximate straight-line of setting against frequency.

ahout

Their capacity is

250 micromicrofarads each, though that can be changed to suit one's

personal notions as to proper tuner ranges.
1.1 Receiving tuner coil—in this case having 12 turns on a 3-inch diameter with a

filament tap at the 13th turn and an antenna tap at the 12th turn.

Other coils

can be used for other wavelength ranges.

i T ybed

of the cabinet in the photographs.

2 The split sending helix, best described by the photos.

.3 The antenna helix, 5 turns of No. 14 cotton-enameled wire.

S1 and 52 The two blades of the send-receive switch. which may he seen on the top
‘The blade marked $1 transfers the antenna

while the blade marked 52 cuts off the receiving tilaments whenever the switch

ix on the sending side.

82 Antenna-famp shorting-switch, to be seen on the top of the set in the photngraphs.

84 Switch to short ont small fixed condenser in series with the antenna.

{Ipening

or closing this switch shifts the antenna tune and avoids difficuity in making
the receiver oscillate. This switch can be seen on the cabinet near the receiving

coil.

‘The condenser ('8 may have a capacity of 250 micromicrofarads (.00025 microfarads)

or thereabout.

All the other small fixed condensers marked C7 may have any capacity ahove 300
micromicrofarads (.0003 microfarads).

K——Key.

RFC (onventlonul R, ¥. chokesn of 1”7 dmmeter with single-layer winding of finest
wire available—no bigger than No. 30.
;1. Variable gridleak—a fixed one may be used.

T chose the series-feed balanced Colpitts
vireuit popularized by Hoffman of the Bur-
gess Laboratories and used in the set which
was built for the Wilkins north-pole ex-
pedition. This hookup was simple and
would use all three of the variable con-
densers which were already mounted in my
outfit. 1 did not use a grid leak, however.

ing”, listen to the crystal control stations—
they “toot”.

I was now nearer than ever hefore to hav-
ing a real station, but was still far from the
goal. The wave was swinging much worse
than had been the case swhen wusing the
master-oscillator power-amplifier arrange-
ment., 1 loosened the coupling until it looked

;
;
§
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actually foolish. The swinging was im-
proved by this, but not nearly enough. My
next act was to give the neighboring BCLs a
treat. I went out and guyed my aerial and
counterpoise at short intervals with cotton
string. (If you laugh, it shows that you
don’t know anything about “forty meters”,
so0 there!)

I tested again. Eureka! The wave was
not entirely steady, but was good enough to
try. Now to work someone! Anyone! [
was really not very confident of the result.
An interval of two months or so had elapsed
by this time since receiving my license.
Little things—such as continuous failure—
have a way of undermining a fellow’s faith.

I spent the remainder of the afternoon and
evening trying to “raise”
somebody. I called CQ
(properly); I answered
other fellows’ CQ’s, but
without response. [t was
finally time to go to work
(I work at night) and fail-
ure was still mine. (No
sleep that day, of course.)

All night long, while at
work, I pondered over the
problem. I remember
what the old-timers have
told us so often—that the
amount of antenna current
is no indication of how well
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pointment to me, provided, of course, that

Habit kept my pencil poing, but my
thoughts danced about in chaotic ectasy.
(I am getting poetic, but dang it! I have
to express myself, don't [?) OCFN had
finished and was waiting for my answer. I
grasped the key. Something was wrong!
It had turned into a “bug” key! 1 sent a
string of dots at about sixty per. Per-
haps I was nervous. I tried using both
hands. This only made it twice as bad.

Horrors! I could not answer him! I
wept and overturned my chair in excite-
ment. My wife came running—convinced:
that lightning had struck the shack at last!
She found me leaning weakly against the

we are getting out. I had
noticed, while adjusting
the zet, that oscillation did
not seem to be very strong
at the high frequency end
of the forty meter band.
I had supposed this to be due to the
peculiarities of the choke coil—or some such
thing. I now viewed the matter in a dif-
ferent light. “Perhaps,” I thought, “oscil-
lation is just as strong at this end of the
band as at the other, but the antenna cur-
rent is less because of increased radiation
resistance!”

The following day I tuned the sc¢t as near
to the short wave end of the forty meter
band as I dared. [t was necessary to couple
the antenna coil closely in order to find
resonance, afterward loosening the cuupling
until the wave was sufficiently steady.

Success at Last!

9CFN was on the air. T called him with
as much outward confidence as if 1 was in
the habit of working the antipodes daily,
but I had an inward conviction that my
signals were having a struggle to c¢ross the
county line, I threw the switch to the re-
ceiving side—expecting nothing.

I want to tell you, fellows, that the sound
of my own call letters zipping through my
phones was the sweetest music I had ever
heard in my life! I shall never forget it dur-
ing the rest of my days. The music in Heaven

will doubtless prove to be a distinet disap-

FRONT VIEW OF THE TRANSMITTER-RECEIVER
from left to right the controis are, the two primary-tuning condensers
of the transmitter, the antenna-tuning condenser of the transmitter, the
rheostats of the sending and receiving sets respectively. and finally the
receiver tuning and regeneration condensers. :

wall, gasping for breath. 1
idiotic grin. “Gosh!
werked a fellow!”

Sure, go ahead and laugh, but see what
happens when you work your first station.

I was working too near to the edge of the
forty meter band to be absolutely sure that
I really was inside of it. Therefore, I
went out and added a few feet of wire to my
antenna for the purpose of increasing the
vadiation resistance in the middle of the
hand. I intend to stick right there—in
the middle of the band until I know my
“stuft” better.

After working a few stations, I made an-
other discovery. I found, while testing for
“swinging”, that a goodly portion of the
unsteadiness was caused by my wife walk-
ing under the electric light fixtures. Ex-
periment showed that the signal disappeared
completely when the fixture was actually
touched with the hand. This was true of any
fixture in the house—and I lived in an apart-
ment house! I solved the difficulty by es-
tablishing a local “ground” for the lighting
circuit by grounding it through a condenser
taken from a Ford Coil. This is as guod as
an actual ground so far as radio frequencies

grinned an
Mom”, I sputtered, “I
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are concerned and it will not blow your
fuses if a plug happens to get turned
around.

I worked more stations. By the time I
had worked an “8”, nearly a thousand miles
distant, I was growing more and more proud
of my outtit and more and more ashamed of
my operating ability. Learning the code
and the Q signals does not make an operator.
My station has been “‘off the air” for some

THE SET ROLLED OVER FORWARD SHOWING

THE GENERAL CONSTRUCTION

time. At present, I am just listening to
the other fellows while I try to learn some-
thing about pood operating-practice. Try
to learn something about operating while
vou learn the code, fellows, it will save you
time and embarrassment.

The Transmitter-Receiver Combination

My outtit, taken as a whole, probably will
not appeal to many of you. It contains some
ideas, though, that are worth passing along.
The most outstanding feature is the ‘top-
panel” idea.

I had never liked cabinet sets. Parts are
usually too crowded and many things which
should be accessible are far from being so.
Bread-board sets have the disadvantage
of being hard to keep clean—variable con-
densers especially.

The *‘top-panel” arrangement solves these
difficulties. Clondensers are under cover, out
of the dust, an there is no danger of their
adjustment being spoiled by accidentally
striking the rotor plates. The iop panel
provides a place to anchor your variable
condensers when setting them back from the
front panel—and they should be set back.
Merely grounding the rotor plates is mot
sufficient on the short waves. Condensers
should be set back and provided with an ex-
iension shaft made of some insulating ma-
terial. I use celluloid knitting mneedles.
(They call *em “amber”.)..These needles
are sufficiently flexible to take care of any
slight misalignment. The metal dials shown
are not grounded. They are allowed to
“float free”.

(loils, tubes and sockets are out in the
open where you can get to them. Necessary
controls, such as switches, grid leaks etc.,
are accessible and yet are not on the front

QST
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panel where they would cause body capacity
effects.

The bulk of the wiring is out of the way
beneath the panel so that the set is easily
kept dusted by means of a soft paint brush
which is kept on hand for that purpose.

All parts are held high above the table and
are fastened to the rubber panel—a good
dielectric. Rubber panels are (). K. if care
is taken to so locate the set that the sun
never shines directly upon it.

Square wooden end pieces and wooden
strips to re-enforce the panel edges form
all the “cabinet” that is necessary.

The combination of both iransmitter and
receiver in one unit may be considered to be
a poor idea by some, but I like it. My old
short-wave receiver being a makeshift affair,
it was necessary that [ build a new re-
ceiver when [ built my transmitter. By
combining the two, I saved time and expense.
No matter what kind of transmitter I
eventually keep for regular use, this out-
fit will always serve for emergency use.
Since it operates from the same batteries
as the receiver, it is always ready.

One of the little “kinks™ in the set is
the use of glass eye-cups to support the in-
ductances. These cups may he purchased
at the corner drug store. They are fastened
to the panel by means of three brass ma-
chine screws placed in a circle about the
base of the cup. The receiving inductance
merely rests in the hollow of the cup, four
leads being carried to four binding posts
on the panel. A plug-in arrangement
would be handier. The primary transmit-
ting inductance is lashed to its cup with
cotton thread. The secondary <{antenna
coil) supported by the primary, being held
in place by rubber bands.

This secondary coil is wound with num-
ber 14 cotton-enamel wire over six celluloid
strips. (Larger wire would be better.)
The primary is wound with copper ribbon
taken from a Ford magneto. The construc-
tion has been previously described in QST.
The same copper ribbon, slightly twisted, is
used for flexible leads. It is also nsed for
all the wiring in the radio frequency circuits
of the transmitter.

Most of the parts used came from the
“junk box.” Two of the dials came from a
“defunct” super-heterodyne; three from a
neutrodyne. That is how the transmitter
happens to be equipped with vernier dials.
Straight-frequency-line condenser are, of
course, unnecessary in a transmitter, but
this type happened (o fit best into the
mounting scheme. A great deal of cheap
apparatus has been used. Cheap parts are
sometimes good, but it is always good policy
to “work them over” because they are
usually carelessly assembled.

The diagram shows the manner in which
the same hatteries are used for both trans-
mitting and receiving. Placing the key in
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the position shown e¢liminates much un-
necessary switching. In fact, no switches
at all are needed if a separate antenna is
used for receiving—although you may find
the clicking of the key in the ’phones too
annoying.

Two switches are necessary if the same
antenna is used for both transmission and
reception. These two switches are shown
separately in the diagram for the sake of
simplicity, but are in practice. combined in
the form of a D.P.D.T. switech. 82 pre-
vents the receiver from howling when S1 is
thrown to the transmitting side.

The filament current is left turned on in
the transmitter at all times to keep the set
from being off-wave when first starting
transmission. When it is desired to have
both transmitter and receiver operating
simultaneously for testing, the switch is
thrown to the transmitting side and $2 is
short urculted by means of a spring filing
clip, such as is used in office work.

Please take note of the switch which
shunts the flashlight bulb in the antenna cir-
cuit. Fven if the resistance of this bulb
was constant, we would not want it in the
circuit. The resistance, as you know, in-
creases as the filament heats and this, alone,
will put a serious ‘tweet” in the note.

The conductive coupling used in the re-
ceiver is undesirable if you are hothered
with local interference. Capacitive coup-
ling can, of course, be used without adding
additional coils, but I find that its use either
wives diminished signal strength or else cuts
down the tuning range of a given coil—
depending upon the amount of capacity used.
Louse inductive coupling is probably the
hest., In case you wish fo use the con-
ductive type, remember that a little goes a
long way. One fourth of one turn is more
than ample on forty meters; one turn is
more than enough for eighty, ete.

T have but one antenna, a forty-meter
affair (more horizontal than vertical).
which is used for all wavelengths in re-
ceiving, This means that thirty turns of
primary are necessary for hroadcast recep-
tion—which is -unsatisfactory, even then.
A push-pull amplifier is plugged in in place
of the ’phones and a loud speaker added
when the need for music is felt.

The two binding posts at the right on the
front panel are used for attaching the key
instead of using a jack. A jack sometimes
provides an uncertain contact. In the key
circuit, the loose connection is not instant-
ly discernable, as is the case with a ’phone
iack. The ’phone jack, by the way, would
be hetter located if placed farther to the
left. The ’phone cord is eternally in my
way when copying.

Battery leads should be cabled. A closed
loop, formed by these leads, can absorb a
lot of energy. If the A negative lead goes
to a rheostat, carry the A positive right
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along with it and right past the rheostat.
Long battery leads sometimes cause howling
on the shorter wavelengths. The remedy
is to shunt all leads with fixed condensers at
the set.

Any conclusions that I may make should
not be taken too seriously. They should be
taken for what they are—the conclusions
of a newcomer in the transmitting game.

I believe that a beginner should start with
low battery-power, not because that happens
to be what I am doing, but for real reasons.
Such an outtit may be harder to get into
action, but that only means that the be-
ginner will learn things now which will have
to be learned sooner or later, anyway.

A beginner starting with a lot of power
and a raw AC note is going to spoil the fun
for somebody. The power will provide
plenty of key-clicks to annoy the BCLs and
the rotten note is going to keep some other
fellow from working DX or building hig
message total. We are green, fellows, and
we may even get off of our legal wave-
lengths and interfere with some other
service. That means trouble for everyone.

I think that the majority of the old-timers
are glad to have us come into the game. Let
us do everything possible to help them keep
that attitude. We are going to he old timers
ourselves some day.

HoT po6 )} i'M RADIATING
A HALF-INCH BuLISTER!

ey HAvy| NG NO RADIATION

mereﬁ ADJUSTS WIS FIVER

UNTIL HE GETS THE BEST
BURN

A

—feStray s g

When old Fred Schnell left Hartford we
thought that the call, 1MO, would leave us
too. Not so. Miss Dorothy Menk, former-
ly Fred’s “secretary,” and now Heavy Man
to Handy, is a full-fledgzed ham operator,
and she was tickled pink when the super-
visor gave her 1MO as a station call.
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High Adventure in the Northland

This Summer’s Arctic Expeditions Depend on Short-Wave Amateurs For
Their Contact With Civilization

BOUT the miost interesting thing in

short-wave radio this summer is the

several Arctic expeditions racing to

be the first to visit the Pole by
air and the first to explore the vast un-
known area which lies between Alaska and
the Pole. Chief among these are the De-
troit Arctic (Wilkins) Expedition, the
Byrd Expedition, and the Amundsen-Ells-
worth Expedition.

It takes so long between the time a story
is written for a monthly magazine and the
time it reaches the reader that it is almost
hopeless to present an interesting account
of developments, but there are things about
the radio activities of these expeditions
which are of the highest interest to us, so
we shall try. -

The Wilkins party has continued to have
its share of thrills. Their overland party,
with Waskey as radio operajor, fnally
reached Point Barrow on April 26th after
a heart-breaking trek of 600 miles, which
took them seven weeks. Relieve us, Bob
Waskey will know he has been someplace
when he gets home! The party ran short
of grub and had to shoot some of their
dogs, either because they could not feed
them or, one report had it, because they had
to eat the dogs for food. Finally they
succeeded in killing enough game to re-
vive both men and dogs (the dogs that were
xtill alive, we mean) and pushed on. The
gas-engine generator for the permanent set
at  Barrow (ex-NRRL) however was
abandoned 160 miles out of Barrow, and a
special fast party is being sent out from
Barrow to retrieve it. Then there will be
real communication down to the States, and
something we can all listen for.

During the overland party’s seven-weeks
mush, Waskey was in communication al-
most every night with Mason, back in
Fairbanks, using the little battery-operated
set which Mason had built, on a portable
aerial. This set has two 201-A tubes, sup-
plied by Burgess bhatteries. It is certainly
wonderful the way those batteries lasted.
particularly in the temperature of 35 be-
low. The marvel is not that Waskey
occasionally failed to get thru but that his
set did so well over a length of time much
greater than planned on.

Meanwhile Wilkins has been freighting
gasoline and supplies between Fairbanks and
Barrow in the gmall Fokker, carrying the
Hanson-built radio set. On his third trip
the radio went out after three hours and
nothing more was heard of Wilkins for two
weeks, while an anxious world wondered
about his fate. We learn that he burnt out

his wind-driven generator and so was unable
to communicate. He arrived at Barrow
safely but that night the tent hangar
burned down, damaging the propeller of the
plane so badly that two weeks were ve-
quire to repair it with the limited facilities
available. When the overland party was
known to be approaching, a fast sledge was
sent out to get Waskey and his set and bring
them into Barrow in advance of the main
party, and it was through Waskey and his
little set that the world first learned that
Wilkins was safe!

At this writing the big 3-engined Fokker
is ready to shove off from Fairbanks, and
then Mason will move to Barrow too, con-
tact thereafter being from the main station
at Barrow either to Fairbanks and thence

THE AIRPLANE TRANSMITTER built by Malcolm
P. Hanson for the Detroit Arctic ‘Expedition. it has a
power of 50 watts, in crystal controlled, and weighs
but 7 Ibs. complete with tube and crystal.

by cable, or, if conditions permit, direct with
UJ. 8. amateurs, particularly 9EK-9XH.
For his communication with Waskey, Mason
has been using the Burgess-built portable
set described in our columns, and this set
probably will be installed on the big Fokker
when it leaves Fairbanks.

Mr. Malcolm P. Hanson, ¢x-3XM, has
kindly supplied us with a description of the
airplane set he built for the smaller Fokker,
and which on the first two round-trips to
Barrows provided constant contact with
Fairbanks, 560 miles air-line. This is a
50-watt crystal-controlled set, operating on
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46 and 61 meters (6518 and 4915 Ke). A
wind-driven generator suppliies 10 volts for
the filament of a UV-203-A and 400 volts for
the plate. Low voltage must be used be-
cause of the limitation placed by the crystal,
but a heavy plate current may be drawn and
an output of 30 to 35 watts is obtained. A
hand-driven gear arrangement with a speed
ratio of 50-to-1 is also provided for emer-
gency driving of the same generator in the
event of a forced landing and engine failure.
However, it is all one man can do to supply
the power for a H0-watter for one minute
with this arrangement, and so for such emer-
gency communication a UX-210 7.5-watter
with a 60-watt base is carried. The set is
keyed in the C-battery line of the grid cir-
cuit, and is inductively coupled through
pancake inductances to the aerial circuit.
When operating on the ground, on an aerial
suspended from the wing-tip, an aerial con-
denser is used and the coupling is adjustable;
in flight, however, the coupling is tightened
and no condenser is used, the aerial being
tuned by adjusting the length of the trail-
ing-wire antenna. The antenna ammeter
is located in the hollow center of the an-
tenna reel. This set is 9% ” high, 712" wide,
6%"” deep, and weighs but seven pounds with
tube and crystal. The complete installa-
tion, with generator, emergency hand-gear
and three spare antenna weights, weighs 58
pounds. Many very nifty constructional
features are embodied in the set, which we
regret space does not permit us to describe
in more detail. We understand that Mr.
Hanson has supplied an exact duplicate of
this set, except that the shorter wave is
43 meters, (6973 Kc.) for the big Fokker
plane of the Byrd Expedition as well.

The Byrd Expedition at this writing has
just arrived at King’s Bay, Spitzbergen, and
unloaded its airplane. KEGK, the “Chan-
tier”, base ship of the expedition, continues
to dump fine signals into the States. The
receiver on the “Chantier” is one of the new
Grebe short-wavers but the transmitter
again is the work of Mr. Hanson, who is
making quite a reputation for himself as the
designer of short-wave apparatus for ex-
ploring parties. Mr. Hanson accompanied
KEGK across the Atlantic, making final
adjustments and tests of the equipment, and
has now returned. KEGK has two 250-
watters supplied with 500-cycle juice. On
the 40-meter band the set uses a tuned-grid
tuned-plate ecircuit after the fashion of
KFUH, with the tubes in paralle], but for 20
and 13 meters it uses a radio-frequency
push-pull (“back-to-back”) circuit with
floating filaments. The main ship’s antenna
is used, operating at harmonics, against a
variable single-wire counterpoise.

In addition to the airplane set for the
Fokker which Hanson built, the expedition
ulso has a combined transmitter and re-
ceiver donated by Robert. D, Russell of
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Wellesley, Mass., which will be used either
on the smaller plane, a Curtiss “Oriole”, or
for the advanced base or for lifeboat use.

Many stations have worked KEGK, most-
ly on the 37.5-meter wave. Our descrin-
tlon of the equipment is taken from a 300-
word message Mr. Hanson sent to the Editor
via 1AMD, Providence, as KEGK ap-
proached the shores of England.

KEGK Schedules

Now that the ‘“Chantier” has veached
Spitzbergen, regular operation is heing
undertaken on the shorter waves. The loca-
tion of a powerful set at a respectable dis-
tance, anxious to communicate with this
country, gives us short-wave amateurs an
ideal opportunity to try some of the shorter
waves.  Several rather scrambled sets of
advices have reached us from the “Chantier”
but from which it sems that KEGK will now
pursue daily the following schedule of-
short-wave operation in addition to all pre-
viously-announced schedules. Experimental
schedule daily on 12 meters (25000 Kec.) at
1720 G.M.T. or 12:20 p.m. ES.T. Experi-
mental schedules daily on 20 meters (15,000
Ke.) at 2020, 2220 and 0020 G.M.T., or 2:20
p.m., 5:20 p.m. and 7:20 p.m., E.S.T. In
these 12-and 20-meter schedules, KEGK will
call “CQ Test” for five minutes, then listen
for five minutes, so on alternating for a half
hour on each schedule. From 0220 G.M.T.
on (from 9:20 p.m. E.S.T,, on) KEGK will
be on 25.7 meters (11,670 Kc.), presumably
for regular traffic work. We have received
no advices, however, of the abandonment of
the normal wave of 37.5 meters (8000 Kec.).
News bulletins for “The New York Times”
are to be broadcast daily. League members
receiving such messages are requested to
wire the “Times” to that effect, whereupon
if the message has not already been received
from other sources the paper will be glad
to arrange for its transmission to them at
their expense.

Meanwhile the Amundsen expedition is
ready at King’s Bay to receive its dirigible,
the “Norge”, in which it is planned to fly
across the Pole and the unexplored area to
Pt. Barrow, Alaska. Unfortunately the
“Norge” carries no short-wave radio, as far
as we have been advised. Instead she is
equipped for wvarious commercial wave-
lengths which we seem to remember as
fitting between 600 and 1600 meters. This
is too bad, as such waves probably will
prove useless during the time when they
may be most needed. “The New York
Times” is greately interested in this ex-
pedition and has taken out a license for a
station at Pt. Barrows, chiefly in this con-
nection. The call is KDZ and the statian is
licensed for 21.4, 42.08, 74.77 and 149.2
meters (14,000, 7125, -'1010_ and 2010 Kec.).
We understand that at this writing a cor-
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respondent and an operator are mushing to
Barrow to operate this station, still being
some two weeks out.

it looks like it’s going to be & great sum-
mer for the folks on the top of the earth,
and we may expect to get in on it. As
usual, please report any contact or inter-
ception to Headquarters, so that we may
keep the story up to date.

—--K. B. V.

The Grebe CR-18

HE latest addition fo the short wave

family is the set manufactured by

(irebe and called the CR-18. It is an
addition we have been looking forward to
and expecting for some time.

A glance at the photographs and the cir-
guit will show you that the “18” is an old
friend of ours; plug-in coils, throttle con-
denser, regeneration control, variable pri-
mary coupling, spacewound coils, low ca-
pacity grid condenser and correspondingly
high grid leak vesistance, a detector and a
stage of audio amplification. In place of
the usual R.F. choke in the primary of the
amplifying transformer a 25,000 ohm “grid
leak” resistance is used.

The secondary tuning condenser C has a
maximum capacity of 130-uufd. It s
shunted by a vernier condenser consisting
of a single plate widely separated from an-
other single rotor plate. 'The maximum ca-
pacity of the vernier condenser is about
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FIG. 1. THE (R-18 CIRCUIT

C——Maximum of 130 uupfd.

(1—Vernier of 3 nufd. maximum capacity.

C2—40 ppfd.

CR~=220 uufd.

R~—25,000 ohms.

R1—10 ohms.

3-uufd. The throttle condenser as well as
the tuning condenser iz of =atraight fre-
quency line type, the Grebe condensers be-
ing quite small with correspondingly re-
stricted fields. The grid condenser has a
capacity of 40-unfd. and is shunted by a
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7-megohm leak. The tube slides into oscil-
lation smoothly with a barely perceptible
“plop.”” The regeneration control is re-
markably simooth and free from dead spots.

The coils are of the Hammarlund space-
wound type using No. 16 S.C.C. magnet wire,
space wound on a transparent dielectric.
The turns are spaced ten to the inch. Second-
ary and tickler coils are mounted on the same
plug-in block fitted with G-R plugs. The
primary coupling coil has eight turns. The
coil is hinged so that the coupling can be
varied, With the five coils available ihe
tuning range is from 8.5 meters (35,000 K.
C.) to 216 meters (1,380 K.C.).

By means of the very small vernier ¢on-
denser quite accurate tuning can be accom-

FIG. 2. THE RECEIVER WITH ALL COILS

Note that the coiis are plugged in way np in the air,
aad that the lid of the cabinet does nat have io he
opened to accomplish this.

plished with the minimum amount of con-
tortion. We wish that the tickler ¢oil had
been made much smaller and that the an-
tenna coupling coil had been placed at the
same end of the secondary as the tickler,
The receiver operates entirely satisfac-
torily and the workmanship is of the usual
(Grebe excellence.
—t, M. C.

—BeStrays gy

‘Bpeaking of that low power transmitter,
a nice form of plate supply with vectifiers
can  be obtained by using a Kenotron
rectifier tube operating from a step-up
transformer. The model 216 is available
through the American Sales Company for
$1.85, At this price one can afford to use
this tube in a B-battery eliminator, as a
rectifier for low power sets and even
paralleled for higher power operation.
Single tubes will safely handle up to 800
volts at 50 or 60 milliamperes. :




June, 1926

QST | 25

Amplifier Ins and Outs

By C. T. Burke”

to be considered; what goes in, and what

it is desired to have come out. Barring

set noises, no more can get out than went
in. Lots that goes in does not come out.
This is frequently a blessing, We have
heard amplifiers that almost completely
eliminated the saxophone from an orchestra.
This was distorw.on, but the effect was most
pleasant.

The broadcast listener, being a glutton
for punishment, usually wants to hear the
music just as it is produced at the studio,
saxophone and all.  That is, he is after
“quality” {the term applies to the produc-
tion, not the entertainment.) The amateur
on the other hand is intcrested only in noise.
Quality requires even production of all fre-
guencies. In telegraph work, the received
signal is at a single frequency. A trans-
former intended for this purpose only,
should amplify only a narrow hand of fre-
aencies, so that interfering noises at other
{frequencies are cut out. A tecent QST
article dealt with this type of transformer.

An audio transformer may be reduced to
the iilter circuit of Fig. 1 which is a band
pass filter. 'The inductances are the coil
and leakage inductances. The capacities
are coil capacities, tube capacities across
the primary and secondary, and any con-
densers that may be added. By properly
proportioning the constants of this circuit,
a band as wide or as narrow as desired may
be passed. This is not as easy as it looks,

lN designing an amplifier, two things are
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FIG.1

FILTER CIRCUIT EQUIVALENT TO
AUDIO TRANSFORMER
By proportioning the constants a band of desired
width may be passed.

however, us the constants are not generally
independently variable, and changing one
in the direction you want to go usually
sends all the others the opposite way. For
broadeast work the bhand should extend
roughly from 100 to 5000 cycles. For tele-

* Engineer, General Radio Company,
Mass,

1. Page 29, April, 1926,

Cumbridge,

graph work, it should be from 800 to 1200
¢ycles approximately.

With the transformer design established,
the characteristic may be changed a good
deul by external tuning. This is generally
ruinous to broudcast yguality, but may bhe
helpful in telegraphic work. This is dis-
cussed at greater length in the latter por-
tion of this article.

The problem of ‘“quality,” by which i3
meant the accurate and faithful reproduc-

Transformer A. The familiar General Eleciric “‘dis-
tortion transformer,” designed for 500-cycle npark re-
¢eption or other rignals giving a 1000-cycle tone. Also
known as UV-712,

tion of the matter sent into the air at the
broadeasting station, is three-fold; em-
bracing tubes, transformers, and loud-
speakers. As each phase of the subject is
worthy of individual consideration only the
second, that of transformers, will be con-
sidered here. The other two should not be
forgotten, however, for the amplifier can-
not be much better than its poorest element.
Perfect transformers will not compensate
for improperly hiased, overloaded tubes or
a squawky loudspeaker.

As magazines are printed, not broadecast,
it is necessary to compare transformers on
paper. The means of doing this is to re-
produce the “amplification curve.” The
data for this curve is obtained by measur-
ing the amplification at a number of fre-
quencies. A curve is plotted of amplifica-
tion against frequency, and as the principal
source of transformer distortion is unequal
amplification of different frequencies, a
study of this curve shows even more defi-
nitely than the ear could, just what is the
relative ratine of two amplifiers. It is not
necessary to have the curve a straight hor-
izontal line, which would indicate the per-
fect amplifier. A variation of twenty-five
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percent would not be perceptible to the
average car. The frequencies above five
thousand may be lost without serious loss
of quality. The curve should remain high
for frequencies at least as low as one hun-

Transformer B. General Radio Type 231. The
transformer used to obtain the “B’ curves waa act-
ually of another make but had properties similar to
the one shown.

dred cycles. Probably the most interesting
part of the curve is that bhetween one hun-
dred and five hundred cycles. Most of the
older transformers failed to amplify in this
range, and its full amplificatio . is essential
to natural sounding music. In order to
study this part of the <¢urve, which is
c¢rowded at the lower end, a special method
of plotting the curves has been resorted to.
Instead of making the distance along the
irequency scale proportional to frequency,
it has been made proportional to the logar-
ithm of the frequency. The effect is similar
to that obtained with the “straight line fre-
quency” condensers now so popular. The
lower end of the c¢urve is opened up, spread
over more space.

Just how much transformers have im-
proved during the last few vears is appar-

ent from the curves of Figure 2, which
N
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CURVES OF REPRESENTATIVE TRANSFORMERS
UNDER NORMAL CONDITIONS

A and R are older types. A being deliberately de-
vigned to produce an 800 cycle peak. Peaks similar to
those of A and R are sometimes produced uninten-
tially by an inferior design.

show the characteristics of four trans-
formers of different vintages. Transform-
ars A and B are of the older type, designed
hefore the period of development of quality
reproduction. No’s, C and D are both “new
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era” transformers. The difference hetween
the new and the old iz very noticeable. A
has a marked peak at about eight hundred
cycles. This frequency would be amplified
to a much greater extent than those above
and beélow, resulting in bad distortion” B
lets through practically nothing under one
hundred cycles and has but half its maxi-
mum amplification at four hundred e¢ycles.
Many frequencies that go into this amplifier
do not come out. The resuit of this type
of distortion, the loss of the low frequen-
cies, is to give music a harsh mechanical
sound. The transformers of curves C and
D are a vast improvement over these earl-
ier types, and are typical of several trans-
formers making their appearance during
the past year. The deviation of the maxi-
mum and minimum from the average am-
plification over this range is so slight as to
be barely noticeable to the ordinary ear.
An interesting and important fact is dis-
covered when the turns ratio of these four
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THE EFFECT OF VARYING THE PLATE IM-
PEDANCE OF THE PLATE WORKING INTO
TRANSFORMER A, WHICH HAS A LOW PRIMARY
IMPEDANCE
When the plate impedance eguals thai of the or-
dinary receiving tube (12,000 to 15,000 ohms) the

curve is very peaked.

transformers is considered. A had 8.5:1,
B 3:1, C 2:1, D 6:1, Note that the 8.5:1
transformer has a lower amplification than
the 6.1 over practically the entire frequency
range, and at both ends passes below even
the 2:1. Another interesiing point is that
the 3:1 +¢ransformer distorts to a much
greater extent than the 6:1, despite the pop-
ular idea that low ratio transformers neces-
sarily have better characteristics than those
of high ratio.

It was not entirely without reason that
high ratio transformers have been viewed
withh some suspicion. Notice again the
curve of the 8:1 transformer. This is typi-
cal of the older style high ratio transform-
ers. The loss of the high- frequencies is
casy to understand. The coil capacity acts
as a by-pass for these frequencies, short-
circuting them to the ground. The loss of
the low notes is due to the fact that the

KD Or else in good distortion—depending on the
viewpoint. This transformer was originally produced
for reception from B00-cycle apark sets. Such sets
yproduce a 1000-cycle tone. practically in the peak of
the transformer.—Tech. Ed.
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primary turns were kept low in order to
get a bhigh turns ratio with a small coil.
The result of this practice may be ex-
plained with the assistance of the curves
of Figs. 3 and 4.

In the audio amplifier, the transformer
primary is connected in series with the
plate impedance of the tube, which is about
15,000 ohms for the common types of re-
ceiving tubes. A considerable portion of
the voltage supplied by the signal is used
up in this impedance. The portion of the
voltage left across the transformer primary
depends upon the relation of transformer
impedance to the total impedance of trans-
former and tube. Thus if the tube imped-
ance is 15,000 ohms and the transformer
impedance 20,000, two-thirds of the voltage
will be impressed across the éransformer
primary. It will now be seen why a high
ratio transformer sometimes gives less am-
plification than one of low ratio. Suppose
a 5:1 transformer had 150,000 ohms imped-
ance at a certain frequency. Another
transformer with an 8:1 ratio has but
15,000 ohms impedance in the primary.
Both are used with a 15,000-ohm tube, with
10 volts available. The 5:1 transformer
will have 150,000/165,000 of 10 volts or 2.3
volts across the primary. Assuming no
josses the secondary voltage would be 47
volts. Only 15,000/30,000 or 5 volts will be

Transformers C. and D.—Modern “flat cuorve™ trans-
former used in making the ¢ and D carves, C is
gzeneral Radio Type 285L, having a turn ratio of 2:1
which D is type 285, having a turn ratio of 6:1.

]

impressed across the primary of the 8:1
transformer, svith a secondary voltage of 40.

As the transformer impedance varies
with frequency, while the tube impedance
remains constant, the input to the trans-
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former varies over the frequency range.
This, of course results in distortion (un-
equal output of different frequencies). Dis-
tortion due to this cause can be reduced by
means of a high primary impedance. The
input to the transformer cannot be preater
at any frequency than the tube voltage. If
at the lowest frequency it is intended to
amplify, the transformer impedance is three
times the tube impedance, the input will not
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THE EFFECT OF PATE IMPEDANCE ON THE
OPERATION OF TRANSFORMER, D WHICH HAS
HIGH PRIMARY IMPEDANCE
The curves of Fig. 3 and 5 show the importance of
making measurements with a resistance in series with
the transformer primary. Otherwise an entirely

false impression may be conveyed.

1 less at any frequency than 756% the tube
voltage, that is, not more than 259% differ-
ence in amplification of «different frequencies
can occur. On the other hand, if the trans-
former has <but half the tube impedance at
this frequency, the difference will be 65%.

The curves of Figure 3 were taken on
transformer A, using different values of
plate resistance. If the plate resistance
could be reduced to zero, even this trans-
former would give little distortion. The
curve becomes more and more peaked as
the value of Rp is increased, and the am-
plification per stage is greatly lessened. In
Figure 4 is shown a similar group of curves
for transformer D. This is a transformer
of high primary impedance, 155,000 ohms at
1,000 cyecles as compared to 15,000 for A.
It will be seen that while the curve is bet-
ter for the lower plate resistances the dif-
ference is much less marked than in the
case of A, The advantage of a tube of low
impedance is obvious. That is one of the
advantages of the new R.C.A. tubes.

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

So far we have been dealing with the
problem of the manufacturers. They have
met it with surprising success, as several
of the new transformers show. It is up to
the builder to make the best use of the
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manufacturers’ efforts and not spoil the re-
sult by touches of his own.

Many radio builders think it an advan-
tage to shunt their transformers with con-
densers or grid leaks. While this practice
sometimes helps to improve quality with the
old type transformers, with a transformer
of good design it generally ruins quality.

A condenser across the primary of the
first audio transformer is usually advisable,
and may be as large as .005 microfarads
without affecting the faithfulness of repro-
duction. Devices across the secondary are
particularly harmful. Fig. 5 shows the af-
fect of several sizes of condensers and grid
leaks across the secondary. The effect of
the condensers on transformer A (shown
in the upper half of the figure) is to make
still more marked the peak in the central
portion of the curve. The high frequencies
are cut off with increasing effectiveness as
the sizes of the condensers are increased.
It is interesting t0 note that at some fre-
quencies resonance effects carry the curves
with shunting condensers above ihe normal
curve.* The use of grid leaks improves the
quality with this poor transformer. With
a leak of 1.5 megohms, a curve similar to B
of Fig. 2 is obtained. This curve is poor
but somewhat better than the normal one.
When the $hunting resistance is reduced to
200,000 ohmg a very flat curve is obtained,
but the 8:1 transformer gives less amplifi-
eation than a 2:1,

The effect of shunting condensers across
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A GROUP OF CURVES SHOWING THE EFFECT
OF SHUNTING VARIOUS DEVICES ACROSS THE
TRANSFORMER SECONDARY
The upper group was taken with transformer A,
the lower on transformer D). Note that the distor-
tion transformer can be made to give a flatter curve
with lesser amplification but that the same devices
applied to the transformer D caused the curve to be-

come both lower and more peaked.

the secondary of transformer D is similar
to that observed in A. The amplification
of high frequencies is greatly reduced, with

3. This i» helpful when the transformer is used
in radio telegraphy. The .00025 condenser produces
a noticeable improvement for this service. C. T. B.
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the point at which the curve falls coming
farther toward the low frequencies as the
condenser size is increased. The improve-.
ment in quality geined by shunting the
secondary with a resistance is not so
marked as with the badly peaked trans-
former. A great loss of volume is caused
by this practice. With the 200,000-ohm re-
sistance across th