


A Radio Frequency choke is useful in many
of the modern short-wave transmitting
circuits. It is required whenever a parallel
plate circuit is used in order to prevent the
plate supply circuit from forming a shunt for
radio frequency current. The General Radio
Type 379-T R. F. choke has an inductance of
8 millihenrys, a resistance of 34 ohms, and a
continuous current rating of 200 milliamperes.
Also available in a 60 millihenry size for broad-
cast receivers.

Type 379-T R. F. choke 8 millihenrys $2.00
Type 379 R. F. choke 60 millihenrys $2.00

Professional set builders who are unable to secure General Radio apparatus from
their local jobbers are reminded that we are prepared to serve them. Write for our
latest bulletin No. gz3.

30 State St., Cambridge, Mass. 274 Brannan St., San Fran¢isco, Calif.
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Whether socket power or battery operated
you'll find Faradon in the better sets

Since 1907 Faradon experts have met
electrostatic condenser needs with ca-
pacitors especially designed for each
particular purpose.

There are several hundred types in
routine production covering nearly all

requirements. Write our engineering | ;

department for any detailed data de~ Electrostic

sired for special applications. Condensers
for all

WIRELESS SPECIALTY
APPARATUS COMPANY Durposes

Jamaica Plain : Boston, Mass., U. S. A,
Bstablished 1907
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The AERO Short Wave Receiver

SUPER-Sensitive SUPER-Selective SUPER-Flexible

The Finest
Snort Wave

Receiver

Build It
Yourself—
Right Away!

Superlative performance in every respect assured by carefully
selected parts around which set is built

If you want a real short wave receiver—a set possessing unusually long range, fine
selectivity, great power and splendid tone qualities—build the AERO SHORT
WAVE RECEIVFR

This excellent receiver is neat and compact, and is flexible to an unparalleled degree.
It has a normal range of 15 to 130 meters, and completely covers U. . bands 20, 40 and
50 meters. Range can be reduced or increased if desired (see note below). Any sma-
teur desiring the very best in short wave reception should certainly build this set.

These Parts Make Possible Its Excellent Performance

AERO PRODUCTS, Inc.
Supersensitive AERO Coils, in the form of the AERO Low Wave Tuner Kit,
play a big part. This kit consists of 3 interchangeable coils. Special patented
construction reduces high frequency losses to a minimum. Price of kit, $12.50.
You can lower range of set to 13 meters with AERO INT. 0, or increase range
to 725 meters with AERO INT. 4 and INT. 5. These coils priced at $4.00 each.
The AERO Choke and AERO Foundation Unit are also used.

AMSCO PRODUCTS, Inc.
AMSCO Condensers are another important factor in the AERO SHORT WAVE.,
{ne .00014 condenser and one .00025 condenser are used. These list at $2.75
and $3.00 respectively. AMSCO parts are noted for their accuracy, depend-
ability and fine construction.

THORDARSON ELECTRIC MFG. CO.
THORDARSON radio transformers are particularly desirable in the AERO
RECEIVER. For code work the R-151 6 to 1 ratio transformers give maxi-
mum amplification at 500 cycles. For short wave reception of broadcasting
type R-152 or R-200 will give excellent volume and tone quality. As used in
this set, these transformers leave nothing left to be desired.

YAXLEY MFG. CO.
You'll like the outstanding quality and neat finish of the YAXLEY battery
switch, resistances and rheostat. These items contribute much to this re-
ceiver’s beautiful finished appearance and electrical efficiency.

BENJAMIN ELECTRIC CO.
BENJAMIN sockets insure utmost electrical efficiency. That’s why they're
specified in this receiver.

X-L MANUFACTURING CO.
X-L binding posts are used, of course. Neatly finished—and 1009 efficient.

CARTER RADIO CO. .
The products of this well-known manufacturer also contribute to the merits
of this cireuit.

Any or all of these specified parts are available at your radio dealers. (et
them today. For literature or further information regarding the AERO
SHORT WAVE RECEIVER address

AERO PRODUCTS, Inc.

Dept. 16 1772 Wilson Ave. Chicago, Ill.
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Factory: Richmond Hill, N, Y.

Signaling by smoke
was a favorite method
of the Indians. Mes-
sages were sent long
distances by means ot
amoke reieased by a
blanket heldover afire.

rebe aited

~and now you may have

perfect Zzglzz‘ socket reception

E know what you have

been hoping for-——in fact,
rightly demanding of an electric
set: tone—clear, true, natural,
free from A-C hum; volume
without distortion; case of con-
trol; selectivity without loss of
tonal fullness. No appliances of
any kind to bother with,

Again and again the new
Grebe A~C Six Radio has been
tested until we kpow that it meets
all requirements—that it offers
perfect light-socket reception.

Like all Grebe sets it has en-
during quality. There are no
batteries or charders; no outside
climinators or appliances of any
kind. Just plug into the light
socket and listen.

SYNCHROPHASE,

The Grebe way is to take time
to be sure. During the nineteen
years that we have been making
radio apparatus, we have always
waited to be certain that it was
up to the high (rebe standard,
before we placed it onthe market.

Perhaps that is why Grebe sets
have always been so satisfactory
—why wou can always “get if
better with a Grebe.”

Experienced radio owners
know what the name “Grebe”
signifies. You, who have lately
become radio interested, we urge
to investigate the Lmsurpassed
quality of Grebe reception. Fear
a Grebe A-C Six. A Grebe
dealer will gladly demonstrate.
Send for Booklet Q.

Grebe Synchrophase
Seven $13 s‘ 00
Grebe Synchrophase
Five $9 s .00
Girebe Natural
Sheaker $ 35, 00
Grebe Six-Point
Speaker $ 17, 5 )

A. H. Grebe & Company, Inc., 109 West 57th Street, New York City

Lestern Branch: 443 South San Pedro Street, Los Angeles, Californi.

Aakers of quality radio since 1909
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HIRAM PERCY MAXIM

The American Radio Relay League

The American Radio Relay League, Ine.,, is a non-commerecial
association of radio amateurs, bonded for the promotion of interest in
amateur radio communication and experimentation, for the relay-
ing of messages by radio, for the advancement of the radio art and
of the public welfare, for the representation of the radio amateur in
legislative matters, and for the maintenance of fraternalism and a
high standard of conduct.

It is an incorporated association without capital stock, chartered
under the laws of Connecticut. Its affairs are governed by a Board
of Directors, elected every two years by the general membership. The
ofticers are elected or appointed by the Directors. The League is non-
commercial and no one commercially engaged in the manufacture, sale
or rental of radio apparatus is eligible to membership on its board.

. “Of, by and for the amateur”, it numbers within its ranks prac-
tically every worth-while amateur in the world and has a history of
zlorious achievement as the standard-bearer in amateur affairs.

In_quiries regardir}g membership are solicited. A bona fide in-
terest in amateur radio is the only essential qualification; ownership
of a transmitting station and knowledge of the code are not prere-

quisite. (lorrespondence should be addressed to the Secretary.

Directors
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NE of the grandest little bits of comic
radio opera in the whole history of
that great art in this country oc-
vurred when the Federal Radio Commission
held its short-wave hearings in Washingion
in middle January. It was a sight for gods
and men. So many people who knew noth-
ing about radio never before assembled in
the same room to talk about it. (rather
vlose, you folks who've been in radio long
enough to know your way about, and listen
to the nice hedtime story about U{ncle
Sammy and zll the little wavelengths.
Some months ago our Commission wisely
deferred action on the growing number of
commerc al short-wave ~ﬂ)plicatwm until
they could form an estimate of the situa-
tion. Publicity on this decision only served
to augment the desire. Secores of corpora-
tions and industries suddenly became con-
vinced that short waves were necessary to
their success and happiness; that with a
few hundred dollars, or at most 4 few thou-
sand, they could build themselves short-
wave stations like the amateurs and have
unlimited free and rapid private ¢ommuni-
cation, thus saving themselves tens of
thousands of dollars annually in tolls to
public service companies. There were
millions of.cycles and therefore waves for
evervbody. They marched on Washington
to demand them at the hearings., The list
of industries represented looks like the
classified section of the telephane directory.
At Washington these people met the in-
terests already entrenched in radio, and the
ensuing clash resounded to high heaven.
Engineers of the already-established com-
inunication companies pointed out the neces-
sity for thinking in terms of channels with
definite separation between channels, of the
fact that channel width increases as fre-
quency increases; and so they found only
a limited number of channels. Counting out
those assigned to other services and remem-
bering that the United States can't claim
all the waves in the spectrum, these
engineers arrived at the comclusion that
there were available for fixed stations in
this country not more than 170 short-wave
«hannels. As every station would require
{rom two to four different waves, the actual
pumber of stations that could be accommo-
dated was so small and the operating priv-
ilege so valuable that there was no hope of
making any fair distribution amongst the
applicants and the Government ought to
confine the assignments to public service
companies. Great was the indignation and

consternation at this proposal. The new-
comers thought they were being tricked.
They understood that there were literally
tens of thousands of short-wave channels.
One by one they arose to state their cases.
Most of them admitted they knew nothing
technically, didn’t know what wavelengths
they wanted but they knew they wanied
some, and mstead of technical statements
they um:aged in oratory about the public
importance of their institutions. The news-
papers demanded precedence over the public
communication companies, on the bhasis that
newspapers were a more important public
institution; a2 gentleman from the movies
vxpounded at length the great educational
force that the films are and how justified
they were in having some waves; labor pro-
posed government ownership; u gentleman
from the department, stores explamed their
crying need for short waves for the remote
control of computing machines (DX book-
keeping) so that the boss could know the
day’s business promptly.

And so it went. Any amateur would have
wot 4 hig kick out of the spectacle when he
remembered that fateful day in 1912 when
he was consigned to the wilderness of use-
less wavelengths below 200 meters. Then,
remembering his gxadual taming of shorter
and shorter waves, the influx of other serv-
ices, and the subdwxding‘ of the short waves
into many narrow bands of which he now
vetains but & few, he would have been
thrilled to pieces to see s0 many varied in-
terests working so hard to get some of the
recently-worthless wavelengths which were
once exclusively his. He would know that
the amateur had made this scene posmble
and that this great public interest in his
former wavelengths was irrefutable testi-
mony to the wisdom of this Government’s
;mhcy of freely encouraging amateur radio.

Our Commission has been sadly troubled
by the hroadeasting problem. In taking up
short waves they are about to find out what
trouble really is. 'This is no reflection upon
them—they udmit they don’t know much
about short-waves. At the beginning of the
hearings they said they had called these
meetings to wet help; at the end they zaid
that theyv felt that only divine assistance
could aid them. They made no decisions at
the hearings, of course, but took everything
under advisement. Up to this date no state-
ments of policy have been issued.

_ These hearings gave us amatenrs a splen-
did demonstration of the strength of our
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position by virtue of being recognized in the
new International Radiotelegraph Conven-
tion. Qur 40- and 2Z0-meter bands are speci-
fied as amateur, which is to say that if the
treaty is ratified by our Senate, as is
vractically certain, these bands cannot be
used for any other purpose. If it were not
for this intemational specification, the width
of our bands would be discretionary with the
Commission, and in a situation where the
current demand for commercial short-waves
is at least ten iimes the available number
of channels, we would run a grave risk of
being clipped in the “public interest, con-
venience and necessity”. As it is, the Com-
mission may prohibit or restrict amateur
radio if it wishes, but it can’t use the wave-
lengths for any other purpose. We have an
altogether unique position and it is already
clear that it is going to be worth a great
deal to us.

Thus the amateur was not primarily con-
cerned with these hearings but the League
did embrace the opportunity to get a few
short-wave matters off the hook. It asked
the CCommission to make no reduction in the
width of the amateur bands until the ¢nd of
1928; it asked that the United States inter-
pret the shared 80- and 160-meter bands as
exclusively amateur in this country, except
for our old arrangement of sharing our 75-
%5 meter band with Army mobile stations
during daylight hours in the field training
season, with Naval aircraft operating off-
shore, and with Naval vessels at sea work-
ing with Naval aircraft; it protested the
existence of non-amateur stations working
in our bands under amateur calls and asked
their removal; and it filedd a ¢omplaint
on the interference situation created in the
short-wave field by harmonics from broad-
casting stations.

The Commission has a hard row to hoe.
Handicapped by lack of technical radio
training, their lot is all the more difficult
when they find themselves in the intricacies
of short waves. Their term of office is al-
most over. An effort is being made to ex-
tend their term another year, an effort to
which, for one reason or another, there is

little objection. That doesn’t insure its
success, however; if Congress can’t get
around to it by March 15th, the Commission
becomes an appellate body aud relinquishes
active administration to the Department of
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Ciommerce. But in either event we ama-
teurs have reason for a sense of satisfac-
tion in the knowledge that our specification
in the new Convention will relieve us of sny
great worry in the present public rush for
short waves,

T becomes increasingly apparent that we

amateurs are to-day in possession of oper.

ating privileges under the new Interna-
tional Radiotelegraph Convention largely
because our American delegation could go
hefore the (lonference and say that they had
had more experience with the administration
of radio amateurs than any other nation,
that amateurs were law-abiding, that they
did not cause trouble, that they were easy
to administrate. That ability to say that
fine thing was what enabled them to get our
privileges.

Officials of our (overnment have ex-
pressed to us the hope that we may con-
tinue to merit that endorsement, so that our
United States officials may always be able to
appear hefore any investigating body that
is considering amateur radio and be able to
make that a splendid report of their experi-
ence with us.

There are two vespeects in which such a
statement could not he made to-day, two
matters in which we are *causing trouble”
and which we must clean up at once. (One
of these is the matter of interference with
broadeast reception, which was discussed in
detail in our 1anuary issue both editorially
and in the C«:.;mmunications [lepartment
Section. The other is the question of off-
wave operation, particularly below our 40-
meter band, interfering with Navy opera-
tion. This latter subject was also discussed
on page v of the Communications Tepart-
ment Section of January @ST. Evenif such
off-wave operation were not an outright vio-
lation of regulations, surely the ~plend1d
friendly support we have received from the
Navy Department at the International Con-
ference entitles them to more friendly treat-
ment at our hands than this. We should be
ashamed of ourselves. Let us take im-
mediate steps to efface these two blots on
our escutcheon, in order that our Govern-
ment officials may continue to he able to
say that we are law-abiding, do not cause
trouble, and are easy to administrate.

K. B. W.
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Double-Detection Receivers With Band-Pass

Filters and Screen-Grid Amplifiers
By Dr. Wilfred Taylor*

HE receiver described here suggests a

combination of the high amplifica-

tion of the UX-222, the desirable

type of selectivity secured with a
band-pass filter and the simplicity of con-
trol connected with the double-detection re-
ceiver. The reader’s first reaction will be
that the receiver shown here is a broadeast
receiver only, and that it has too many con-
trols. It will be shown, on the contrary,
that the receiver may readily be

simpler to use the additional control for
another stage of r.f. rather than to place
it on the oscillator of a double-detection
system. The answer to this is that three
stages of well constructed tuned r.f. with
UUX-222 tubes is hardly practicable. In the
broadcast band it will give an amplification
in ercess of 80,000! ‘This amplification is
so high that it is useless even with the
smallest antenna because everything that is

adapted to broadcast reception
(200-550 meters), to short-wave
telephony, or to ¢c.w. reception.
The controls may be reduced to
two, without the usual difficulty,
since the first circuit does not
“run out”; the usual large an-
tenna not being necessary. In
the case of the simplitied forms
suggested later, the problem be-
comes even simpler since it is
necessary to gang but two con-
trols instead of three, and in the
¢.w. variation suggested by Hull
no ganging at all is required.
Meanwhile the receiver offers
:ertain advantages not possessed
by existing types of commercial

receivers.

It has become fairly common
practice to use one stage of 201-
A in a tuned r.f. amplifier ahead
of the so-called *‘superhetero-
dyne” for broadcast reception.
In these cases the purpose is
only partly to secure additional
amplification, an equally im-
portant purpose being to pre-
vent interference with near-hy receivers by
the oscillator which must necessarily be
coupled to the first detector. The use of a
“second harmonic oscillator” is another
means to the same end but has special dis-
advantages of its own.

The receiver to he deseribed here is based
on an entirely different thought, which is
to accomplish most of the amplification with
two stages of UX-222 screen-grid tubes
working at the received wavelength (that
is to say, tuned v.f.) and following this
with a band-pass and an intermediate fre-
quency system; principally for the purpose
of providing selectivity of a somewhat
special sort. The diagram is shown in
Figure 1.

{)ne may ask why it would not have been

night.
tion.

*Marot Junior College, Dept. of Physics, Thomp-
son, Conn,

FRONT VIEW OF THE EXPERIMENTAL DOUBLE-DETEC-

TION BROADCAST RECEIVER

From left to right the copper compartments contain: 1st r.f..
2nd r.f,, 1st detector, and in the long compartment; f. F., band-
pass, 2nd detector and both audio stages.
ment contains the oscillator. All
Mississippi river can be received with good strength on a 2-foot
antenna and more than 20 feet of antenna are not usable at
in spite of this the receiver is unusually yuiet in opera-

The upper compart-
major stations east of the

encountered overloads the system. In ad-
dition, 30,000 is a degree of amplification re-
quiring far more selectivity than is provid-
ed by the limited number of tuned circuits
associated with three stages of r.f.

Two stages of good UX-222 will at all
times get one down well below the noise
level, and will therefore in effect lift up the
background to a degree unknown in the
ordinary receiver and necessitate the sup-
pression of that background by a kind and
degree (this distinction will be explained
presently) of selectivity not normal in two
or three stages of r.f. To provide that se-
lectivity by means of mere sharp tuning is
not feasible in either the r.f. or the i.f. In
the r.f. position it is obviously not easily
done in two stages. In the if. it may be
possible but would inevitably result in
ruining the quality by cutting side-bands;
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@ thing about which we hear a lot of non- ferent kind of selectivity we can obtain
sense but which really does happen when  usually a higher degree of selectivity with-
one ig driven to extreme selectivity. This  out (in telephony} cutting sidebands or (in

(BN

) FIG, 1. DIAGRAM OF THE BROADCAST RECEIVER SHOWN IN THE PHOTOGRAPH
Several features of the diagxram are due to ihe experimental nature of the set which has since heen rebuilt,
‘Thus the oscillator operates at 47 volts simply because it may be supplied conveniently from the hox beilow,
aithough 22 volts would he mufficient. ‘The variable i.f. grid return has now been made permanent to the
battery side (or minus A3 of the rheostat. Separate batteries ure shown in the diagram hut the A hattery
may obviously be made common and with a little precaution as to chokes and by-passes all of the system
heyoad the first two tubes may easily be run from the same piate supply. ‘The 1/X.222 portion of the
system requires cure if the same thing is to he accomplished. See Fig. 7 {or suggestions.

1.1—10 turns No. 4 to 20 Cai—.006-microfarad Sangamo.
5.2—-56 turns No. 20 to 24 C6—I-microfarad Nubilier paper bypass.
{.3—56 turns No. 20 to 24 C7—250-upid. Hanzamn

L4—36 turns No. 26
1.5—56 turns No, 20
J.6—3 turns No, 2
1.7—36 turns No,

40 T®1—10 ohms to give grid hias,
24 R2--30-ohm rheostat.
B3—Variable 3000 to 500.000, combination bias
and gain control,
E.8—24 turns No, 22 4—10 to 15 ohms for grid hias.
L.1 to L.6 inclusive wound as solcnoids, 3” diameter, Grid leak 2 megohma,
any covering R6—40 ohm potentiometer (may he dropped out)
1.7 and L8 diamond-weave on same form for os-
cillator .
i in recommended that 1.3 and T35 be veplaced hy a pair of coils like L4 and L5. (8ee Fig. 5)
€1, €2, €3, C4 Cardwell type ¥, die-cast, tapered-plate, 500-upfd. tuning condensers,
Puints X1 and X2 are joined together via bypass condenser ('6 since the A plus iead is ¢common, being
grounded to the shicld.
RFC—5%5 millihenry choke of 200 turns small double cotton wire on
Zeparators,

spool, 25 turn pies with cardhoard

sounds very depressing: almost as if the c¢.w.) causing beat-note signals to become
result demanded is not possible. Fortunate-  very weak the moment they vary a little ux
Iv this is not corvect, for by going to a dif- to frequencv. What is still more beautiful
i is that this may be done without
adding a smgle moving part or
“tunable” ¢ircuit. Figs, 1 and 2
explain this more clearly than
much talk.

It, therefore follows, that what
is I‘ed“V wanted is a band-pass
filter in the intermediate fre-
) 3 stem where it can be
made sufficiently complex (sec
Fig. 3) to have a sharp cut-off and
at the same time transinil a bund
freely and without distortion.

To put a hand-pass of the type
here shown into the r.f, part of
the system is out of the question
because of the many tuned cir-
cuits involved.

- The band-pass filter used in

REAR VIEW OF THE SECTIONAL COPPER SHIELD SHOW-  the following veceivers is rela-
ING CONDUIT FOR R.F. PLATE SUPPLY tively an old device and one

Note the oxcillator hox turned over to expose the 5 spring pings, whose mathematics have ,b;'e,n
three of which supply filament and plate power while the vther well worked out_ 50 that it is
;:Pc:':arrv the v.f. vutput to the coil L6 in the detector compart- \.nmewhaL surprising that the de-

The antenna post may he seen at the right end of the system. vice is not more generally used.




MARCH, 1928

Especially is it so0, as it has long been em-
ployed in the identical manner here sug-
gested by the Bell Telephone Laboratories.

The soundness of the idea of an approxi-
mately square-cornered cut-off with flat
transmission, as opposed to a round-cor-
nered cut-off with peaked transmission is
self-evident. The only question that remains

{
f
{
t
NOIEAND
QR41

N

B

FIG. 2. DIFFERENCE BETWEEN SELECTIVITY OF
BAND-PASS AND TUNED CIRCUITS

Tuned circuits mve a curve like that of A, <(A)
Adding more circuits not unly cuts down the shouider
at 8 which is wanted but: aiso cuts down the corners
of the desired band shown in dotted line. [n telephony
this spoils quality and in C. W., signals are lost easily
when they swing., <(B) A tyvpe of selectivity secured
by band-pass showing how shoulders are cut away
without cutting corners on desired signal.

is, “Can one secure this advantage in prac-
tice?” We find that many thousands of
hand-pass filters of one sort and another are

LASTLE

(uBE.. 8
'l

FIG. 8. sIMPLE BAND-PASS SYSTEM FOR

PROXIMATING ¢CURVE OF MG, 2B

More cuomplex systems can he devised to give more

perfect performance. In any case it is better to buy
the system ready made.

AP-

in standard use in telephone practice at
audio frequencies and at intermediate fre-
quencies and are in fact essential for the
operation of such thmp;s as the transatlan-
tic telephone, the carrier freguency tele-
phone, chain broadcasting, trans- contmen-
tal telephone and the use of the same wire
for several telephone and felegraph con-
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versations, which application makes pos-
sible our present long distance communica-
tion rates. As to the practical nature of

MODERN LABORATORIES ADJUSTABLE AND

CUSHIONED TUBE SHIELD AND A  SHORT

LENGTH OF SPACE-WOUND COIL OF THE SORT
USED IN THE R.F. SYSTEM.

the device, in this case one has but to ¢on-
sider that there exists no other scheme
for pushing the background far down while
allowing the radiophone signals to come
through unimpaired.

For continuous wave reception one
naturally needs to pass only a very narrow
band so that one automatically thinks of
2 one or two-kilocycle band-pass. This is
not practicable uniess one is considering a

£
’l: L

FIG. 4, THIS TYPE OF BAND-PASS CIRCUIT HAS

BEEN APPLIED BY F. K. YREELAND TO R.TF.

SYSTEMS. THE WHOLE THING BEING AT THE

WORKING WAVE AND TUNABLE BY GANGING

¢, AND ¢, AS MECHANICALLY-CONNECTED VA-
RIABLE CONDENSERS

Even for one stage this requires somewhat careful
construction and while commercially possible seems
less desirable than the fixed hband-pass for other con-
struction. If properly made it functions quite «
salisfactory manncr, and the ambitious who intend to
operate on one band only will find it of udvantage.

o
N

very few stations which will always appear
on the same wavelength. When hunting
stations it is highly desirable to be able
to hear them even when they are detuned
so that the heat note is quite far up the
musical scale. It is very disconcerting to
use a receiver in which the signal appears
suddenly with a pltch of 1000 cycles or
thereabouts. The sugg is therefore
that the same sort of band -pass (i.e., 10 Ke.
wide) be used since it will take off a large
portion of the troublesome noisy back-
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ground, which is not accomplished by the
“tone sclectivity” found in the normal c.w.
receiver. A simplified diagram or the re-
ceiver as used for e.w. is shown in Figure 3.
Adapting the screen-grid tube to the double-
detection receiver presents several

MARCH, 1928

mediate amplifier T should have a working
basis for something worth having. Con-
siderable experimenting has inclined me to
favor an if. transformer which peaks
around 100 Ke., so I sent to the Rusco Sales

problems of interest. This tube
does not have to be mneutralized
and it has an enormous amplifica-
tion factor, hoth c¢haracteristies
making it desirable a#s a radio fre-
quency amplifier. BPecause of its
great sensitivity, it responds read-
ily to all sorts of extraneous elec-
trical disturbances. and for this
reason it juust be most thoroughly
shielded. Shielding is of course
necessary for another reasen,
namely that the 222 is sereened
against internul feedback but the
usual external feedback wmust be
prevented. Like all sensitive
pieces of apparatus, it brings in
everything within range, and for

this reason circuits using it
will be found to tune most broadly.
This latter 1s undesirable, aund 1is
very pronounced in the ordinary
superheterodyne application.

The itube was tried first on the
broadcast band with a set of standard in-
termediate transformers, and the results
were; cross talk, tube noises and mush. 1
then tried impedance coupling., which was
an improvement, but was far from satis-
factory. Then a stage of r.{. was put
ahead of the first detector, and again the

THE
DETECTOR AND AUDIO AMPLIFIER

The large rectangular meial case at the right contains the
At its forward (lower) end is the 2nd detector and

band-pass.
at the lower left is the audio tube.

improvement was marked. It occurred to
me that if I could get the advantage of the
grcat amplification as an r.f. amplifier and
block out rosg talk and noise in the inter-

2-8TAGE LF, AMPLIFIER, RUSCO BAND-PARS,

THE 2-STAGE UX-222 TUNED R.F. AMPLIFIER AND FIRST

DETECTOR

The coil in the left compartment is the antenna coupler L1-L2,
the center one is the tuned impedance 1.3 and the une at the
vight is the r.f transformer.

Co. for intermediates which peak at 95 Ke.,
and their band-pass filter which is built to
match them. As there are no B.C. stations
(as yet!) just 95 Ke. apart, there is no
trouble with oscillator harmonics.

. A preliminary try-out with this combina-
tion; a stage of 222 ahead of the first de-
tector and then the ordinary dou-
ble-detection hook-up using the
Rusco outfit, was exceedingly sat-
isfactory. The sensitivity was re-
markable, the selectivity above the
average and the set was free from
any kind of noises. I then iried
various coils in the r.f. stage and
found that a space-wound coil with
a large primary of very jine wire
wound :n the spaces hetween the
wires of the secondary, which was
suggested by Mr. Kruse, is very
much more ctlicient than any of
the usual trap circuits. The over-
all impedance of this arrangement
ix better than anything I have
zeen. This is explained by Fig. 5.
I then added another stage of r.f.
using an impedance coil, so I could
short out cither stage (the first
stage feeding into the second or
into the third or detector c¢oil, and
the transformer coupling was much
superior as evidenced by the great-
ly increased volume.) My micro-
ammeter has just gone west, so T can-
not offer any definite gain-per-stage [lig-
ures. Using two stages of 222 r.f. wives
terrific amplification, but with the ‘“pot”

AND
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turned to the “plus” end and one stage
detuned the set gives a clarity that is
superb. As to the correctness of the band-
pass action, one must of necessity quote
the log. The first station tuned in was
WSB, of Atlanta. Moving the oscillator dial
just one mark brought in KFI with enough

Kot R

FIG. 5. COMPARISON OF
AND TRAP CIRCUIT
FOR R.F.

R.F. TRANSFORMER
OR TUNED IMPEDANCE
COUPLING WITH (/X-222

Numbers represent same constants as in Fig. 1,
otherwise no relation. The ground connection repre-
sents the shiclding. (A) Tuned impedance necessita-
ting stopping condenser C5 in tuned circuit to avoid
grounding B supply, alsu necessitating placing of leak
R-3 direct to filament or else replacing same with re-
sistance (or choke) and bias hattery. (B) A trans-
former coupling permitting grounding of tuning con-
denser rotor and direct return of grid with less prob-
ability of wrid going positive and causing partial de-
tection. (C) Same ar B hut arranged for feeding
detector. Alternative positions of grid leak are indi-
cated.

volume to be heard all over the house.
They did not interfere. WSB is at 630 Ke.
and KFI is at 640 Ke. Again, Frank Palmer
near Boston tuned in WEBH, (820 Kc.) and
WDATF (810 Kc.) with a one-degree move-
ment of the oscillator dial.

CONSTRUCTION
The theldmg is of copper because its
conductivity is excellent, also because it is

casily worked and may be soldered. Con-
ductivity is the prmmpal feature in a shield,
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therefore the metal must have sufficient
mass to accomplish this thoroughly. Very
thin copper is useless, and on the other
hand, very thick copper is unnecessary;
forty mil stock being about the limit either
way. The shield should be sufficiently large
to accommodate without crowding the vari-
ous instruments. This size is largely de-
termined by the size of the coils used,
because there should be space on all sides
of the coil equal to two-thirds of its di-
ameter. Considerable c¢xperiment shows

THE OSCILLATOR COMPARTMENT

The Cardwell tuning condenser supports the grid
stopping condenser. At the center is a diamond-weave
oscillator cnil (1.7 and 1.8) of 36 and 24 turns No. 2
on a 15 peg form with a 1%.” center. The nsocket is
normally filled by a UX-112,

that a coil three inches in diameter is an
optimum dimension. This means that a
shield to accommodate it, its condenser,
tube rheostat, ete., should be six inches
wide, eight inches high, and twelve inches
long. The shields shown in the photographs
were made by cutting pieces 12” x 227, draw-
ing lines eight inches from both ends and
bending on these lines. The bending may
be done by laving the sheet on a table
which has a fairly square edge, adjusting
one of the lines so that it is aver the edge,
clamping a rigid piece of wood over the
copper on the line, and bending with a
large hammer or tinsmith’s mallet; this
process is repeated with the other end.
Pieces 6”x 8” are cut and soldered into the
ends of the large piece thus wmaking a
rectangular box of the dimensions given.
The edges are reinforced to secure rigidity
by bolting mitered strips to them; these also
give the box a finish. The lids are made in
the same way.

COILS

Because of the tremendous impedance of
the plate circuit of the 222 tube the ordinary
radio frequency transformers will not work
gatisfactorily. I tried several trap (or
tuned impedance) circuits and a set of
hastily wound intermediates. The results
were pathetic. T then wound 56 turns of
No. 22 enameled wire on a split tube, tying
a knot in each of four pieces of parafiin,
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impregnated string between each turn. This
gives a space-wound coil of excellent char-
acteristics. I then wound thirty turns of
No. 36 double-silk wire between the turns
of the secondary and used this combination
in the ordinary r.{. way. It is far superior
to anything I have vet tried. The coils are
secured (o the shield (grid end up) by

QsT
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This is an acceptor-rejector circuit consist-
ing of impedance coils and condensers so
arranged as to pass exactly 10 Ke. frequency
when used with the Rusco transformers.
It accomplishes this with remarkable fidel-
ity and without suppressing the side bands
requisite to purity of reproduction. It irons

out ail the tube noises and mush, and makes
999

means of 2 brass angles, the coils being the use of the a simple matter.
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F1G. 6. THE TECHNICAL EDITOR’S SIMPLIFIED VERSION OF THE RECEIVER FOR C.W. WORK

This is in effect a modification of Westman’s receiver described in the December issue: a considerable
rodification because it was by no means so nice & ivh. The I.F'. amplifier was of assorted coils and con-
densers and too bulky to shield. It is being replaced by the Rusco device. 'The battery connections differ
frnm ‘Westman’s in that the 222 is run from a separate A battery and plate battery. though the screen-grid
in tied to the same 45-volt battery swhich supplied the detector and i.f. amplifier. Curiously enough this
has made no trouble, and neither has running the audio amplifier from the same battery. This seems ihe
more peculiar since a previous arrangement like that of Wesiman's required independent B batteries or

tiltering of leads afier Rourne’s style.

The dotted boxes represent the (imits of the individual shieids.

Hull’s receiver simplifies this by using a 222 in the LF. and dropping the T.R.F.

C wm,000 puid, (006 fds.)
C1—100 uuids. (0001 ufds.)
(12—.1 ufds,

(!3—{veneral Radio **midget”
X denser.

4—1 uid.

50 pufd. variable con=

RFC1 Chokes after Lidhury's specifications,
RFC2 Secondary of Ford spark coil (Modef T)
R1—10 ohm fixed resistor

R2==12 ohm rheostat

R3—8 ohm rheostat

14—500,000 ohm rheostat (Frost)

R5—50,000 ohm rheostat (¥rosi)

The I.F. control is by means of a potentiometer so that one may use the I.F. oscillating if desired—it

compared bhadly with an oscillating 2nd detector,

The 2nd detector tickler T was coupled back to the last band-pass coil,

doing the thing.

probably not the best way of

ft4 is adjusted to secure apparent proper filter (hand-pass) aciion and R5 conirols oscillations of the
2nd detector, whose tickler may be shorted by switch Sw.

held by strips of bakelite ¢”x7” bolted to-
gether as a clamp. The oscillator coil is a
diamond-weave affair which gives excellent
results and has little field. Three turns
of No. 22 cnameled wire are clamped in
the grid end of the detector coil and com-
nected to the grid coil of the oscillator (in
series with the grid coil and the minus A
battery side of rheostat). The setting of
this rheostat is critical. Instead of putting
the oscillator between the first detector and
the i.f. amplifier as is usual, I have put it
on top of the detector shield so that it is
directly connected and mnone of its wires
runs through any other compartment. This
is done by using General Radio plugs and
jacks.

The i.f. amplifier does not present any
unusual features except the band-pass filter.

In the r.I. stages, the sockets are arranged
to shield the tubes. This is done by cutting
a square of hakelite the size of the socket
base, cutting a copper dis¢c to cover it.
and holting both together with the sncket
to the shield underneath. A tubec shield put
out by the Modern Laboratories (Owosso,
Mich.) is revamped by putting a bakelite
bushing in its top to fit the grid terminal
of the 222, and this is slipped over the tube,
its bottom resting on the grounded disc.
This is not a foolish refinement! The tube
will oscillate if it is not done.

The plate supply for the v.f. tubes iz
brought from the batteries through a copper
trough screwed to the back of the shields:
this also acts as a bond between the shields,
the whole being soldered to A+ and
grounded.
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Possibly, the most important thing in
the whole arrangement is the bias of the
v.f. tubes. Using the Kruse (?) transformer,
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A variety of things have been tried since
the original story was written and the pho-
tographs made. It has been found that in
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FIG. 7. A SUGGESTED ADAPTION OF R. B. BOURNE'S SHIELDED C.W. RECEIVER BY
THE ADDITION OF AN LF. AMPLIFIER, BAND-PASS AND 2ND OSCILLATING DETECTOR

‘The heavy dashed line is the copper shielding. 1n this shielding the upper row of compartments
contains the receiver proper while the lower row countains ihe filters in the different bhattery lines
to prevent interaction between tubes, also to cut down hody capacity effects. An additionad filter is found
in the upper right compartment. It is connected into the output to the headset to prevent capacity
effects from the phone cord. In the actual receiver the “tuner” row of compartments is at the front
and the “filter’’ row is not under the receiver hut behind it. Coil dimensions are given in the
text of the original article in the December issue, except tor L8, L9, X1 and X2, which are given
helow. The performance of such a receiver will probably not differ greatly from the original except
in heing quieter in a noisy focation and heing a little less dependent on the adjustment of C3.

L.4 and Li—Antenna coupler or input tuner.

L2 and C2—Tuned circuit acting as plate reactance for the r.f. tuhe and producing r.f. voltage

drop which is fed through the condenser Cg to the detector grid,

tuned grid circuit for the detector.

L2 and C2 thereafter also act us

.3 and C3—tickler and regeneration eontrol for first detector.
€4—¥nsuiating condensers separating L2 and phone jack from shield to avoid ground on 130-

and 45-volt B battery.

AFT—Audio frequency transformer feeding audio amplifier.

X-—R.F. chokes separating audio amplifier from detecior phonex.

X1—R.F. choke separating 1st detector and i.f., ordinary choke suited to working wave.
X2—1000-turn heoneycomb coil used as choke to keep i.f. {rom audio amplifier,

C1—Tuning condenser suited to runge and to heliefs of set builder.

('2—Any convenient V.C. (250 jufds suggested) which will go to 1000 pufds when shunted by

mica condenser {6 as shown.
meters).

System must tune to i.f.. {95 Kec. assumed, therefore ahout 3150
Do not trust markings on small mica condensers hut test range to be sure it is right.

299

2-—Resistance to lower hattery voltage to proper value for the odd filament of the UX-222.

C5—Paper filter condensers.

LA—R.f. filter chokes (Air core).
L7—A.f. filter chokes (iron core).
L8—300-turn honeycomb or duvlateral coil.

£.9—150-turn honeycomb or duolateral coil as tickler.

Strength of oscillations sel permanently

by adjusting position of LY or resistance control may he provided helow the filter in cumpartment K.

1,10 in compartments I and K depends somewhat on the i.f. used.

1000-turn honey comb cvils

are 0.K., also ordinary Ford Spark cvil secondaries are suitable.

the biasing is a simple matter; a variable
resistor in the grid return. Using an im-
pedance eoil the usual leak bias is very
inefficient; a single dry cell may be used,
but a variable 2000-ohm resistor in the grid
return is probably better. This is claritied
by Fig. b.

This is merely a preliminary investiga-
tion. Many improvements are yet to be
made.

the broadcast band there is some advantage
in using two stages of r.f. amplification.
Also, that the three lower controls (input
eircuits of the r.f. tubes and the first de-
tector) should run amply close together to
permit ganging.

PERFORMANCE

There is no intention here of pointing out
the obvious mechanical methods by which
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ganging and other commercial simplifica-
tions can be accomplished. Before proceed-
ing to the suggested variations of the re-
ceiver it may be well to say something of
the performance of the broadcast receiver
just as it stands.

Two feet of lamp cord attached to the
antenna post brought in all the more promi-
nent stations east of the Mississippi River

28 sdemr

tle
seLat 668 M.C.

5
cetetor

bnd
det, .

FIG. 8, A SIMPLE WAY TO MAKE UP A TEM-
PORARY SHORT-WAVE C.W. OR PHONE RE-
CEIVER OF GOOD SENSITIVITY

The shori-wave autodyne detector feeds into @
neutrodyne xvatem (shielded if possible as in this
case), whose output goes io a 2nd detector, possibly
the one in the set. An oscillating ?nd detector or a
heterodyne is necessary to imake a beat note hut most
zignals can be copied on the modulation and for
phone ii is as well to work purely non-regenerative.
As a phone receiver this is a makeshift but for c.w.
is not at all had.

i —

with ample intensity. 20 feet of wire is
enough for all ordinary reception and the
usual out-door antenna cannot be used
except for daylight reception.

SHORT-WAVE RADIOPHONE VARIATIONS

For shori-wave radiophone reception it
has been customary to use a regenerative
detector and audio amplifier which is not
at all satisfactory. This has been done
largely because the 201-A is a very poor
radio frequency amplifier at short waves
(roughly, those below 60 meters). The al-
ternatives ave of course; (a), to do the radio
irequency amplifying with a UX-222 ahead
of a non-regenerative detector, followed by
an audio amplifier; or {b), to secure more
ruiet operation by working the UX-222 into
an intermediate frequency amplifier in the
manner suggested for the broadcast receiver
and, (c) to operate through a first detector
and oscillator (without previous amplifica-
tion) into an i.f. amplifier employing either
201-A or UUX-222 tube {or tubes).

System a is satisfactory excepting as to
selectivity. There is no opportunity to im-
prove the signal/noise ratio.

System b is the one which has been under
discussion and which obviously can be ap-
plied to short-wave telephony by changing
the size of the tuning coils and condensers.
(One stage of UX-222 radio frequency am-
plification can be dropped from the front
of the system to decrease the difficulty of
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the relatively sharp tuning at short waves
and the necessary seclectivity will still be
obtained by means of the bandpass as before
The extent to which the device helps the
signal/noise ratio must be heard to be ap-
preciated.

System ¢ appears to he a perfectly prac-
tical one and with standard tubes has done
cxcellent work, (See QST, Jan. 1927, p. 40

RSSO ;5
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9. THE VARIOUS RECEIVER SYSTEMS
DISCUSSED

and Feb. 1928, p. 41.) But no first hand in-
formation on its operation with the UUX-222
is at hand.

C.w. variations of system b are shown
in Figs. 6 & 7, the labeis of which explain
them satisfactorily.

. W, RECEPTION

For C.w. reception, several possible sim-
plifications are possible. Since one does
not want such a high output (headset in-
stead of loudspeaker) one stage of UX-222
r.f. amplifier may be spared in the inter-
est of speed in tuning. Since there is no
sideband reproduction to worry about, the
heterodyne oscillator can be dropped in

{Continued on Page 31)
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Directional Properties of Transmitting and
Receiving Antennae”
By J. K. Clapp and Howard A. Chinn**

o short-wave transmitting or receiving amateur can afford to miss this article.—Technical Editor.

DIRECTIONAL transmitting sys-

tem is usually thought of as an an-

tenna arrangement which directs a

heam of radiation in a given di-
rection in a horizontal plane, or over the
earth’s surface at the transmitter. The
more general definition, however, requires
the consideration of antennae hav-
ing directional properties either in
the horizontal plane, the vertical
plane or in both and it is from this
viewpoint that the various antenna
mentioned in this paper are dis-
cussed. It should also be kept in
mind that the directional proper-
ties are equally effective whether
the antennae are used for trans-
mission or reception.

A single wire vertical antenna,
when placed over & perfectly con-
ducting earth and away from all
objects that might have an influ-
ence upon its natural directional

NATE = Ia’m tend lo ba Agh ar pornes X
#

that the effective radiation in a direction
along the line of the towers is decreased,
while in a direction at right angles to the
line of the towers it is increased. The
angle which most of the radiated energy
makes with the ecarth depends upon the
height of the antenna ahove the earth, the

QL e mS o @ genonl

properties, will transmit equally
well in all directions in the hori-
zontal plane. That is, it will trans-
mit to the north just as well as to
the south, or west, or any other
direction. In a practical case it
has been found that the energy dis-
tribution in the horizontal plane

Fig. t.—The usual amateur antenna for transmxs-
sion js a straight or hent Hertzian antenna, usually
called an *antenna-counterpoise system”, with more
or less of some low-voltage part of the system hrought
into the station for coupling to the xet. Ul/rually the
system does not include much loaded.

For transmission to Jbarticular poinir or to over-
came a bad location it is desirable to consider replac-
ing such a simple sysiem by one of the various types
described later. The “approximate’ lengths are given
only io suggest which low- voltaze point ir in the

is not always of this simple non-
directional character as pictured in
Fig. 34a, but may he distorted as shown
in Fig. 34b. This shows the approximate
dlstrlbutlon of energy of a single vertical
wire antenna that was erected at 1XV
Round Hills, Massachusetts, midway be-
tween two steel towers that were 120 feet
high and separated by a distance that cor-
responds to very nearly one wavelength at
38 meters. It is seen that transmission in
the line of towers has been materially de-
creased and therefore in the actual case the
transmission was not equally zood in all
directions. The distortion of the energy
distribution curve is caused hv radiation
from the towers. which act as anteunnae.
The currents in the towers are practically
m phase with the current in the antenna
wire midway between them. The result is

1% (ireen Research.
Electrical Communication Laboratory, Massachu-
setts Institute of Technology, Cambridge, A. Massachu-
setts,

:(‘ontrlbuunn from Colonel E, H

station.

The important thing is the overall length.

character of the earth and the length of
the antenna wire.

In the study of horizontal antennae it
is found that the energy distribution in a
horizontal plane is not symmetrical with
respect to a perpendicular at the center of
the antenna system, but that most of the
energy is radiated at right angles to the
antenna and therefore transmission is
usually found to be best in this direction.

The energy distribution in a vertical
plane depends on the character of the
earth, the height of the horizontal wire
ahove earth, the length of the wire and the
direction which the antenna makes with
the plane considered. At certain heights.
i.e.,, 0. A/2, . ete., the vertical radiation is
zero, white at other heights, #/4, 8./4 ete.,
the vertical radiation is a maximum,

Multiple antenna systems which direct a
beam of energy in a given direction over
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cadily arranged,
iy imeteis or less

the ecarvth’s suriace
and at '1‘14:'(1(’)1(7Ii¢.>: af i
the Y «1:: wol presepl g, great nechanical
tfill'u.ullu»\ in o sopskyiet They «do not
yequire an unreasonable amount of space
imless ii. is desired to construct & zystem
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THE SIMPLEST METHOD OF REMOVING
) NTENNA FFROM THE STATION IS TO FEED
e THRUIN H A 1-WIRE FEEDER OR TRANSMIS-
SION LINE

The untenna mayv he hent as shown eor siraight, as
is gquite common. The feeder fength is usually ahout
1710 waveiength unless xeries L, or ¢ be used. The
defects oi this method of voitage feed are discassed
in ihe iext.

producing an extremely well-defined beam.

syvstems consisting of & number of ver-
tical wires in the zame plane. properly
spaced and so excited that the currents

VOTTAGE FEED BY MEANS OF A NON-
RADIATING 2-WTRE LINE
If vibration of ithe tvpe shown in Fig. 5 iz pre-
venied an supgested in Fig. i or by stiff muducmra
thix method has advantages over the one of Fig, 2

PG, 3.

are in phase, have very marked directional
properties providing the dimensions of the
system  are  large compared with the
wavelength. KEven if the dimensions of the
em are of the same arder as the wave-
iength, the directional properties are quite
noticeable and well wovth the considera-
tion of the progregsive amateur.
THE WORK AT 1XV AND I1BYX

_In order to contrast the theoretical with
the actual directional properties of the

various antenna arrangements that are
discussed. imany of the svstems have heen
cted and tested during the past two

vears at Round Hills (1XV) and Auburn-
dale (1BYX) both in Massachusetts.
The first tvpe of antenna investigated
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was the usual “antenna-counterpoise”
system, which is extensively used by awna-
teurs. This type of antenna is also known
as the ‘“quarter-wave transmission tine
tvpe” or bent Hertzian antenna, und con-
sists simply of two wires, about a guarter
of a wavelength in length, one ubove the
other and separated by six to twenty feet
or more. This antenna is shown in Fig.
1A and for simplicity the usual antenna
and counterpoise condensers have been
omitted from the sketch. The antenna is

“Wm‘ﬁ
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) e VOLTAGE
A —--= CURRENT

FIG. 4, VOLTAGE DISTRIBUTION AND CURRENT
DISTRIBUTTON FOR THE SYSTEMS OF FIG. &

fairly effective but has two disadvantages.
The first is that the wires connecting the
two antenna wires must generally be
brought within the station building thereby
introducing undesirable losses into the an-
tenna system because of the walls of the
building. The second is that the structure
cannot be clevated appreciably above sur-
rounding objects because the dimensions
would then hecome too great for =atis-
factory operation at the desired wavelength.
This latter objection is overcome to a cer-
tain extent by the single-wire-transmission-
line tyvpe of feeder, (Fig. 2) which permits
the placing of the antenna circuit proper at
nearly any desired location, ecnergy heing

Glass
Swaaratar

FIG. 5. INCORRECT STRUCTURE LEADING TO
VIBRATIONS OF \\’2RTF€E§ELATIVE T0 EACH
' )

transferred from the transmitting oscillator
via the single transmission line and fhe
pacitance  of  the antennn susten ta
ground.! The method just outlined is nui

Ixym;z out and ad;mhnv Aheh o
B em are given in detail on page 11, July 1926.
(L. . Windom.)—Tech. Ed.

1. Methods nf




MARCH, 1928

simple in adjustment and the antenna sys-
tem is in itself practically & fixed wave-
iength arrangement, resulting in a marked
lack of flexibility, when properly operated.
Many stations using this system un-
knowingly operate the feed-line as a lead-in,
using the entire structure as an antenna,
which is far from desirable. It should be
realized that the antenna of Fig. 2 is exact-

Swinging Feeider

i "
el
“:’f?dg(wg?:’\
sl e DN
FIG. 6. CORRECTION OF FIG. 5 BY USE OF

LIGHT SPACERS

Wires. do not swing relative to each other, but to-
rether. Stiff conduciors will also effect a curve.

Iy equivalent to that of Fig. 1 with the ex-
ception that in one case the energy is
brought to the antenna through a feed wire
while in the other case it is coupled directly
into the system. Inasmuch as the losses of
a feeder system can usually be made Jess
than those of a coupled-antenna arrange-
ment it has been found advisable to em-
ploy some form of feeder arrangement
whenever feasible.”

The second type of antenna consists of a
two-wire transmission line feeding =
straight wire (Fig. 8) which acts as the
antenna system (sometimes referred to as
the “Zeppelin” antenna since it was first
suggested to bhe hung from dirigible
balloons). 'The antenna wire is cut to one-
half of the desired wavelength® in length and

kA

A 3

.
x’g’

FIG. 7. THE INPUT END OF THE 2-WIRE VOLT-
AGE-FEED SYSTEM OF FIGS. 3-6

may be placed in any location or position,
as desired, or as may be dictated by local
conditions at the transmitter. The two-
wire transmission line is preferably one-
quarter wavelength long, but may be made

o

‘I'he length to which antenna system is to be
it may be determined from p. 46, May, 1926,
iJ. M, (L.+H. P. W.) or from p. 10, August, 1926.
:Ben:amm S. Melton) —Tech Ed.

3. 'The wavelength in meters multiplied by 3.28
srives the wavelength in feet, For mscancc 8 40-
meter, half-wave antenna wonld be 14¥40%3.98=
66,6 feet long.—Authors.

osT : 1
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any odd number of guarter wavelengths
with essentially the same vesults. It must
be realized, however, that this two- -wire
feeder cannot be any length that is con-
venient but st bewr o definite relation
to the designed opemfxi:ny wavelength of the
antenna’ The reason for this is clearly
evident upon consideration of the voltage
and eurrent distribution on the line as illus-
trated in Fig. 4, The case of the quarter-
wave feeder and half-wave antenna is
shown in ¥Fig. 4a. The antenna and feeder
are shown in a horizontal position but it is
realized that the antenna may be placed in
any position at all and the feeder bent in
whatever manner is necessary to reach the
driving oscillator. The feeder wires may be
brought arcound corners, placed in a hori-
zontal or vertical plane or arranged in any
other way desired. From the figure it is
seen that the half-wave antenna is operated
in the usual manner with a current loop
at the center and voltage loops at the ends.
The system is so arranged that the cur-
rents in the feeders are exactly out of
phase and therefore the radiation from the
feeder s practically zero, 'Tests on a carve-
fully adjusted system have verified these
conclusions. The current and voltage dis-

T
k]
4
T
[

FIG. 8. ONE FORM OF 4 TWO-WIRE VOLTAGE-
FEED SYSTEM

The feeder wires in this case ure each one-yuarter
wavelength long, or ¢ven muitiple of that fength,

Many variations ure possible, especially as to the
apparatus at the top of the feveder and the form of
the antenna, which may be hent like that of Fig, 2
or in any other manner desired. In place of the coil
shown at the i{up of the feeder line a condenser or a
more complex system may he used, or finally the iine
may be left open (nothing connected across) and
simply connected to the two »sides of the amniennt.
it is not discussed here hecause it has previously heen
covered in QST, also hecause the authors are not
convinced of its desirability in view of the rather poor
match between the antenna aud line impedances, The
same disadvantage does not apply to the system here
shown or the other arrangements using such adanting
devicex as have just been suggested.

tribution curves for the three-quarter wave
feeder and half-wave antenna are shown
in Fig. 4b and for the quarter-wave feeder.
full-wave antenna in Fig. de. It is quite
apparent from these figures that the feeder
must be a quarter-wave long or an odd mul-
tiple thereo’r .

4. "The same restriction does nnt apply to mothods
where the line terminutes in special apnaratus, as
will he shown later. These methods wsualiy relate to
enrrent feed of the antenna, rather than voltage feed.
—Tech, Ed.
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At the oscillator end of the transmission
line, adjustable coupling may he provided
in the form of a4 coupling coil and a vari-
able condenser either in series or parallel
with the coil, so that the voltage loop ap-
pearing near the far end of the transmission
fine may be shifted along the line in order
that a maximum voltage may be impressed
upon the untenna system. This arrange-
ment has the advantage that the md 1iion
of o two~wire Lransmissi
practically nil, as conpared to the re m‘wehl
large lation that ezists jrom « single-

ANTENNA

|

\10 e
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wire feeder which vedlly acls as an ordi-
nary anternna,

In the case of the single-wire feeder which
is short compared with the waveiength,
the current distribution is practically uni-

ANTENNA

FIG. 10

QI:LAI'/VL’ r(’WEQ e

form along the entire length of the feeder
and it vadiates just as much as the portion
whnch is usually thought of as the antenna
proper. If the single-wire feeder is long
compared to the wavelength standing
waves are set up on the line, just as they
are on the antenna itself, and the entire
sysitem acts as a radiator. When using
the two-wire transmission line, the radia-

gsT
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tion from one wire practically neutralizes
that of the other and we have very little
resultant radiation. It is found that 85
percent of the energy is confined about the
wires within a circle whose diameter is
equal to four times the separation of the
wires. Therefore, with this arrangement
we are certain that practically all our
radiation i8 coming from our antenna
proper. The two-wire transmission line
has the further advantages that there is
no need of carefully determining the point
at which the feeder is attached to the an-
tenna, it being placed at a point correspond-
ing to a \oltage loop;® it is more flexible
and is easier to adjust than the single-wire
transmission line system; the antenna siruc-
ture is cut to exact dimensions determined
by the wavelength desired—no empirical
constants need to he used znd the losses
caused by the feeders going through the
wall are a minimum since a voltage node

0 A4 2 & A 5 6
RELATIVE POWER =t~

{mentioned in more detail below) cxists on
the transmission line at this point. From
Fig. 4 we see that a current loop occurs at
the tuning condensers when fhe sustem is
properly adjusted and therefore if we place
an ammeter at this point we have a means
of determining the proper adjustment.
Various antenna systems as described
woere constructed at the experimental sta-
tion 1XV at Round Hills, and many ad-
justments of the antenna wires and feed-
ers made, the resulting antenna current
being ohserved at the center of the antenna
and at the transmitter end of the trans-
mission line. Particular tests were made
on feeder lines one-quarter and three-
quarter wavelengths long in an effort to de-
termine the possible effect of attenuation
along the transmission line. No observable
difference in antenna current was noted for
the two Jengths of the transmission line,
indicating that if attenuation takes place
on the line. it is of no practical importance

b, See Fig. 4 for location of the voltage loops.—
Authars,
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insofar as building up a reasonable amount
of current in the antenna wire is concerned.
The effect of a change in spacing of the
transmission line wires was also found to
have little influence upon the antenna cur-
rent. Spacings varying from 6 to 24 inches
were used.

In the construction of two-wire {rans-
mission lines extreme care must be taken
that the individual wires do not tend to
swing, velative to one another. If glass

90
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tooth-brush holders are used for separators
it will be found that the wires will swing
relative to each other and the heavy sepa-
rators will remain stationary, see Fig. &.
This will cause detuning and resultant
swinging of the transmitted signals. To
overcome this, separation made of 3%-
inch woden dowels, boiled in paraffin has
been used and it has been found that
the feeder swings as a unit, {Fig. 6) and as
a result the spacing between wires does not
change, and the signals are steady even in
the high winds that have been encountered
along the Atlantic coast.

In* these systems, it is very convenient
from a practical viewpoint, to be able to
cut the antenna and feeder wires to the cor-
rect length with the assurance that good
performance will be obtained at the desired
wavelength. At first, it seemed that no
definite relationship could be predicted be-
tween the length to which the wire was cut
and the wavelength of best operation of
the antenna when installed. Later devel-
opments showed that most of the discrep-
ancy was due to a shifting voltage nodal
point at the transmitter end of the trans-
mission line, with varyving adjustments of
the antenna and transmitting circuits. By
arranging a variable condenser in each of
the feed lines, the position of the node
could be readily controlled, and if it were
brought to the midpoint of the coupling
inductance, the results obtained with the
antenna zystem were rclosely predietable
irom the dimensions of the system. "That
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is, if the antenna was cut one-half wave-
length long, the feeder one-quarter wave-
length or odd multiple thereof, then with
a balanced nodal point, very good per-
formance was obhtained at the calculated
wavelength. A considerable latitude is ex-
perienced in the wavelength at which the
system operates well, a variation of wave-
length of 109, above or helow the designed
wavelength having been found possible with
practical antenna efficiency.

A test for the location of the voltage node

0 4 T E s o
RELATIVE POWER ~—mrmsam

on the_antenna tuning coil or along the
transmission line is easilv made by touch-
ing a screw driver, or other insulated piece
of metal, Lo the various turns of the coil
or along the wire. At the node no spark
will be obtained.

If the feed line is slightly less than a
quarter-wavelength long, then the point of
maximum voltage may be moved along the
line by shunting a small condenser across
the oscillator end of the transmission line.
The addition of this small capacitance
brings the maximum voltage point “in over
the end of the line”. Proper adjustment
of the condenser permits an increase of an-
tenna current, with short feeder line, of as
much as 10 percent. If the line is slightly
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than
the shunt capacitance is not used, the neces-
sary adjustments being made by means of
the two series condensers whose purpose is

more one-quarter wavelength long,

to halance the nodal point. The flexibility
thus obtained is such that very good opera-
tion may be obtajined cven though the
transmission line is slightly different in
length as compared with the desired quarter
wavelength,

The arrangement that has been found
most satisfactory for voltage {eed is
shown in Fig, 7. The values of the ¢on-
densers, and inductance should be auch
that if the system were shorted at XX’ the
closed circuit consisting of the tuning con-
densers and the antenna inductance would
tune to the operating wavelength. Tests
for voltage nodes should be made at the
points X, X', and Z and the condensers ad-
Jjusted until nodes appear at these points.
When this adjustment is ohtained it will be
found possible to place the fingers between
the points X and X’ {there being no voltage
to cause a hurn) without affecting the
operation or frequency of the transmitter in
.amv way. The above remarks apply equal-

v well to the case of a three-quarter wave-
iength transmission line.

In the experiments carried out, the cur-
vent-feed system was tried only to the
2itent necessary fo establish the fact that
it would operate the antenna in the same
manner as the voltage-feed system de-

seribed.  There is wo p sular reason why
one sustem shouvld have ¥ advanlage over
: other, wimn boih are used «at {heir
mmum, S The arrange-

ment used is indicated i m Fig. 8, lldlf-wave
feeder being used to obtain a maximum
current at the antenna loading ¢oil® The
reactance drop in the eoil is impressed at

3. By making special provisionz for matching the
iine io the loads at both enda this limitation may be
avoided.  One method of doing this is described on
pava 43, Jannary, 1928 1 Walter Van R. Roberts,j—
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the center of the antenna system and the

antenna c¢urrent being measured just ‘out-
z
ANTENNA v
e
.f‘/"
o
-’/
e EARTH

NING ANTENNA
PTANGLES TO ANTENNA

ROZ =~ FLANE CON
YOI = OLANE AT
XOV ~ PLANE CORREIPONOING 10 FAR P

PIG. 16, DIAGRAM TO EXPLAIN APPLICATION
OF CURVES OF FIGS. 915 TO HORIZONTAL
ANTENNAS

side” of the loading coil. With proper ad-
justment the antenna current was found to
be exactly the same as that obtained with
the voltage-feed system, but from an oper-
ating standpoint, this system is not so de-
sirable as the voltage-feed system because
of the necessity of placing a coil or a
condenser at the center of the antenna, s0
that the latter system was employed in all
later experiments.

These systems of exeiting the santenna

FIe 7

lend themselves very well to the excitation
of two or more antennae, with the main-
tenance of definite phase relationships bhe-
tween the currents in the various antennae,
and are therefore of great value when con-
structing a4 directional antenna system.

As transmission by short waves is be-



MARCH, 1928

lieved to be largely dependent upon the
bending of the waves in the upper vegions
of the atmosphere for transmission over
great distances, it would appear to be very
advantageous to utilize a directive system

HORIZONTAL ANTENNA Y5 A 280VF FARTH

W IRECTION
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such that the maximum intensity of radia-
‘tion is obtained in a direction favorable for
refraction in the upper atmosphere. Prac-
tical operating vesuits indicate that for a
transmitter to he effective at great dis-
tances on short wavelengths, the antenna
system employed must be of such a type as
to have a strong component of radiation
in the horizontal direction, that is, tangent
to the earth’s surface at the transmitter.
For shorter distances the strong component
must be at greater and greater angles with
the horizontal as the distance of trans-
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mission becomes less. However, for general
communication purposes, it is desirable to
have an antenna which will transmit equally
well in all the directions in the horizontal
plane. That is, if we were to move around
the antenna, in a circle on the ground with
field strength measuring apparatus we
should find equal field strengths at all points
on the circle. If it were desired to communi-
cate primarily with stations at great dis-
tances, then the characteristics of the an-
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tenna in the vertical plane should be such
as to give as intense radiation as pos-
sible at the angles which are most suitable
for such transmission; for short distances
the antenna should radiate most intensely
at relatively high angles, of the order of 45
to 70 degrees. Recent experimental results
due to Meissner in (Germany indicate that
very high angle radiation may play a very
important role in long distance communica-
tion. Transmission from Nauen to Ar-
gentina has been maintained on 11 meters,
using reflectors sending the main beam of
radiation up at angles of from 30 to
80 degrees from the horizontal at the trans-
mitter. Horizontal antennae would play
an  tmportant purt i amalewr radio if
transmission by high-angle radiaiion is to
he followed.
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Figures 9 to 15 inclusive show the theo-
retical distribution of the radiated power
at various angles with the horizontal of
single vertical half-wave antennae, with-
out loading and over a perfectly conduct-
ing earth. In each case T, {s the antenna
length and d is the distance from its lower
end to the earth. The grounded antenna
radiates most strongly along the horizontal
and the power falls off rather rapidly as
the angle above the ground is incroased.
Thus for an augle of approximately 26 de-
grees above the horizontal, as shown in Fig.
9, the power has fallen to one-half of its
value at the horizontal. Such a charaecteris-
tic would be wuseful for medium and
long distance communication, hut would
be valueless for short distance worvk.
The grounded antenna is one-quarter
wavelength long, as contrasted «ith
the one-half wavelength of wire for
the ungrounded antennae. The grounded
antenna would be relatively simple in con-
struction, but difficulty is encountered in
obtaining an adequate grounding con-
nection. For short wavelength work, cven
if buried plates which are honded together
are placedlju‘st helow the transmitting
equipment, it is practically impossible to
attain a low resistance connection. The
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curve shown wag obtained assuming a per-
fect. conducting earth.

Inasmuch as the ungrounded antenna
does not require u grounding structure,
and since, when it is raised some little
distance above the ground the earth losses
hecome «uite small, this type has become
almost universal for short-wave work.
When such an antenna is erected over a
perfect earth, the radiation characteristic
has the same distribution with respect to
vertical angle as has the grounded an-
tenna, when the lower end of the vertical
wire is placed at a very small distance
above ground, this small distance pre-
venting the conductive flow of current

HORIZONTAL ANTENNA 7, N\ ABOVE EARTH
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to earth. The characteristic is given in
Figure 10, the small diagram at the right
of the figure giving the geometry of the
gsystem. In hoth of the preceding cases
there is but one leaf to the curve, that is,
there is a single maximum and a single
minimum; the former nccurring for zero

tion.
When the lower end of the antenna wire

F1G. 22. DIRECTIVE ANTENNA GROUP OF TYPE
USED AT 1XV

in the 1XV antenna but 4 vertical antennas were
used, being excited as shown in the next iwo figures.

is raised a distance of 1i-wavelength from
the ground, the characteristic takes the
form shown in Figure 11. The main
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leaf of the curve is narrower than hefove,
though the ubsoluteé maximum value still
oceurs at zero elevation. The curve now
has two maxima and minima, the sccond
maximum occurring a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>