AMATEUR
RADIO

TFhudlished by the Clmerican ftadio /?eZay Zéaédaze

December
L6




—Standard for 4.l

o

Cunmngham
Radio Tubes
are astoundingly zood zil
the vear round and at Christmas

time vou will receive even a greater
appreciation of their quality perfor-
mance because of the attractive Yule-
tide programs being broadcast which

come in clear hnd mll-tone-f ‘-:,ﬁxhen

peci §l Every b «% ast station
es Lnt at Chnstm S é:ime and

reaay iarge and «r..num tc ;'«-udiez'n:"

fias
ihe presentis
adio &quip-

i nake

unmenbel

(. hristmas

chousand
,hnmmav L)
npiete.
L} mgnam R'Julu Tube in
happincss io
" Cunningham R

standard

1owant
will imake
every [

now

Tubes, known since 1215




Lheu; Chnstma,s _“P\a,d 10 S

(]"HE eqm_pmem is as’ zmpor»
tant as theset. The distance

reach of a set depends a great
deal on the'tube in the detector
socket. The over-all perform:
ance’ of a set depends very

much on the tubes in every

- zsocket. . The.volume and tone’

- quality you will getare depend-
ent upon. the tube in_the last

~~audio stage. In every point, the
tubes are as important as the

set. And everyone who realizes
this insists on genuine RCA
Radxotrons '

The mseu.rch Iabomtones of

RCA, General Electric.and

W esunghouse have deveioped .

Radiotrons to nmew accom-
plishment, year by year, 'And
‘the manufacturing skill of these

same companies keeps RCA

Radiotrons far_inthe lead in,.

accurate makin g

qcﬁ

éxfrz / é\fm /

- for P@dto fans

"A “spare’” Radiotron —

= genuine RCA Radio-

tron, of course—of the
-type he uses,

A power Radiotron UX-
112,UX-171 or UX-210

“. for ‘bigger volumie and

“finer tone, -

A special detector Radio-

srron UX200-A for stor-

age battery. sets—for

. “longer distance reach.

RADIO . CORPORATION
- = OF AMERICA

New York ™ Chicago
Sar: Francisco

3AY YOU SAW IT IN QS T—IT IDENTIFIES YOU AND HELPS QST




e

Kit Panels Wlth Gold Decoration

FORMICA is this year providing amateurs through the leading
jobbers and dealers with handsomely decorated gloss black

panels with gold decoration for the leading kits: Infradyne, Aero-
dyne, Bremer Tully Power Six; Browning Drake National; Gen-
eral Radio Universal; Victoreen Superheterodyne; Madison Moore
Superheterodyne; Camfield Duoformer; St. James 8 tube; and
Karas Equamatic front and sub panels, H.F.L.. Nine Superheterodyne
front and sub-panels.

Manufacturers are using handsomely decorated Formica panels in dull

finish—some of them in two colors.

THE FORMICA INSULATION COMPANY
4620 Spring Grove Avenue - - Cincinnati, Ohio

Hear the Formica hag a
FORMICA ‘ : Complete Service
Orchestra Tues- ORM I A on Insulating
day 9 to 10 Material
over WLW

Made from Anhydrous Bakelite Resins /o f2d
SHEETS TUBES RODS
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Section Communications Managers of

THE COMMUNICATIONS DEPARTMENT,

Eastern Pennsylvania BQ
Maryland-Delaware -Distrim.Am Columbia

southern New Jersey SEH
Western New  York 8PJ
\Vestern Pennsylvania §XB
Tinols 9AAW
Indiana aYQq
i‘:f"}%mky gégu
Michigan

{thio SBRYN
\Wisconsin VD
North Dakota* AETN
South Dakota 9BDW
Nor k2 Minuesota IEGU
South Minnasota YEGU
Arkansas® 5XAB
Louisiana SUK
Missinsippl 5AKP
Tennessee $KM
Tmstern New York 2ADH
N. Y. & T.ong Island 2CWR
North Neyw Jersey 2WR
Towa* 9BKV
Kansas 9DNG
Missourt 9RB
Nebraska 9BYG
C'onnerticut 1BM
Maine 1BIGQ
Fastern Massachusetts IBVL

Weatern  Massachusetts 1DB

New Hampshire 1ATY
Rhode Island 1BVB
Vermont 1AJQ
Alaska® TFD
Idaho* 78T
Montana® INT
Qrezon* 7T
Washington* TFD
Hawaii* &RTIC
Nrevada 500
{:0s AngReles 6BUR
Kanta ('lara Valley ANX
Fast Bay~ KZW
Kan Franciseo® fEX
Sacramentn  Vallay® ACRS
Arizona* 6ANO
North Carolina 4N
Virginia® 3CA
Vest Virginia $BSU
(*olorado 8CAA
Utah- Wyoming® AZT
TZ20
Alabama 5ATD

Florida

Northern Texas BAJT
New Mexico*

Oklahoma 5APG
Southern Texas YR
Newfoundland AR
New Rrunswick 1EI

Nova Seotia 1DD
Prince 1dward Tsland 1BRZ

Ontario® 9BJ

Quebec 2BB

Alberta 4GT

British Columbia* 5GR

Manitoha* 4DR
Saskatchewan* 4CB

4QY
('mrgm -South f‘arn]lna.-(‘!;bl;"i)ortn Rico-Isle of Plne

ATLANTIOC DIVISION

H. M. Wallezy 597 No. James 8t.

A, B. Goodall 1824 Ingiesida Terrace
H. W, Densham 14 Washington 8t.
¢, 8. Taylor 598 Masten St.

G. L. Crossley
CENTRAL DIVISION

W, E. Schweitzer 4264 Hazel Ave.

D. J. Angus 810 N. Illinois 8t.

D. A. Downard 118 No. Longworth Ave,

¢. B, Darr 137 Hill Ave.

H. . Storck $94 Carpenter 8t.

¢ N. Crapo 143 Newton Ave.
DAKOTA DIVISION

G. R. Moir 818 11th BStreet, South

B, J. Beck

©. L. Barker

C. L. Barker

DELTA DIVISION

Dr. L._M. Hunter 20714 Main Bt,

C. A. Freitag 129 Camp 5t,
Jo W, Gullett 1708 23rd Ave.
K. Rush 4 Second 8t.

HUDSON DIVISION
F’arle Peacox
Mardon

A Q. Wester, Jr. 50 Princeton 8t

MIDWEST DIVISION
A, W. Kruse
F. S§. McKevver

Ulniversity Heighta
L. B. Taifzure

8010 Mercier St.

C. B. Delhl 3008 3. 32nd Ave.
NEW ENGLAND DIVISION
K" E. Nichols 31 Elmwocd Ave.
Frederick est 13 K. Crescent 8t.
R . Briggs Ashmcnt 8t.
A. H. Carr Vagsar St.
V. W. Hodre 227 Main 8t.
D. B. Fancher 23 Summer St.
o T, Kerr
NORTHWESTERN DIVISION
L. H. Machin Box 458
Henry Fletcher 1107 Ktate St

. R. Willson
A. C. Dixon, Jr. 1350 East 36th 8,
Otta Johnson 4340 30th 8t. W,

PACIFIC DIVISION

S, 5 P. 0. Box 2450
C. B. Newcombe
f. I3 Smith 240 No. Painter Ave,
¥, J. Quement 51 Pleasant St.
P. W. Dann 562 35th ®t.
Q. W. Lewis T48 14th St
¢. B Mason 2530 N St.
D. B. Lamb 229 W, Rirst St

ROANOKE DIVISION
R. B. Morris 413 Broad 8
J. F. Wohlford 118 (‘Ambrldke Ave,
. S, Hoffman 126 Chantal Court
ROCKY MOUNTAIN DIVISION
€. R. S8tedman 1641 Alblon 8t
Art Johnson 247 B. Tth Bo. Bt
N. R. Hood 1022 8. Ash Bt.
SOUTHEASTERN DIVISION
A, D. Trum 217 Catoma St.
W. ¥, drogan Rox 816

L. Reld 11 Shadowiawn Ave,

WEST GULF DIVISION

W. B. Forrest, Jr. 502 Royal 8t.

K. M. Ehret 2904 N. Robinson 8t.

E. A, Sahm Rox 569
MARITIME DIVISION

Toral Reid Aulon House

T. B. Lacey N. B. Power Co.

W. (. Borrett 14 Sinclair 8t,

W. A. Hyndman 25 Fitzroy St.
ONTARIO DIVISION

W. Y. 8loan 167 Close Ave.
-QUEBEC DIVISION

Alex Reld 203 Birch Ave.
VANALTA DIVISION

A. H. Asmussen £133 18th St, W,
Felix B, Batt 211 8th Ave, B,
PRAIRIE DIVISION

P. B Rutlmd. Jr, 453 8t. John Ave.
H. L. Maynar

trnmadd
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A.R.R.L.

Hazleton

Washington,
Collingswood

Buffalo
State Collega

D. ¢

Chicage

indianapolis

Louisvilla

Highland Park, Detroit
(tolumbus

Milwaukee

Fargo

Milbank
Henning
Henning

Little Rock
New Orleans
Meridian
‘Bemis

Box 113 Yonkers
117-11 140th Bt.. So. Ozeme FPark, L. L
. Hilton

Akron
Lawrence
Kansas City
Omaha

Bridgeport
Augusta
Dorchester
WVorcester
Claremont
Westerly
Poultney

Cordova
Roise
Ramsey
Portland
Seattle

Honolulu

San FKrancisco
Sacramento
Mesa

Qastonia
Roanoke
Wheeling

Denver
Salt Take City, Utah
Casper, Wyo.

Montgomery
Ft. Myera
Atlanta

TWaxahachle
Ollahoma City
New Rraunfels

&t. Johns

St. John

Dartmouth ’
Charlot'etown, P. E, I.

Toronto
8t, Lambert

(algary
Prince Rupery

Winnipeg
Morse

*Temporary offleials appointed to act until the membership of the Section concerned choose permanent SCMs by nomination

and election.
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Binocular Coils
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Extension Circuits

Condenser i
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The Svavhre.
phase is ulvo
supphied  with
battery buse
andinfice
teawtiful cone
sofe models,

HAT ideal set you are looking for or
contemplate buying— do your tests
show that it has been fully developed in
"Tone Quality ?
Extreme Selectivity ?
Station Coverage ?
Easy, Accuraté Tuning?
Simplicity of Control ?
Durable Construction ?

Test it for these qualitiés’; then test the
Fat. o, Synchrophase. Compare. Be exacting.

See a Grebe deﬂlc;} today.
Send for Booklet @

AJH: (:rebe & (,o,' Inc., 109 Wewt 5 /th St., New Yc)rk"'
~TE Factory: Richmond ‘Hill, N. Y.
“’i sk"ru Bram.h 443 So. San Pedro St - “Lavs A

Thu Cumpanv owns aid abem&e
stations WAHG .and WBOQ

w-wave

“* Make conscien-
tiousness and
sincerity your
fiest principles.”

~Confucrus.

These aure the
principles be-
hind the success
of the Synchro-
phase.

RN

T YRADR MAAR REG. US. PAT. OFF

All Grebe appnra'iuvs
ig covered by paitents
gmnted and pendmg
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THE AMERICAN RADIO RELAY LEAGUE

The American Radio Relay League, Inc., is a non-commercial
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, char-
tered under the laws of Connecticut. Its affairs are governed by a
Board of Directors, elected every two years by the general member-
gship. The officers 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 mem-
bership 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 his-
t(f)frx of glorious achievement as the standard-bearer in amateur
affairs.

Inquiries regarding membership are solicited. A bona fide in-
terest in amateur radio is the only essential qualification; ownership
of a transmitting station and know ledge of the code are not prereq-
uisite. Correspondence should be addressed to the Secretary.

OFFICERS
Presgident Treasurer
HIRAM PERCY MAXIM o g A. A. HEBERT
Hartford, Conn. Communications Manager Hartford, Conn.
. . F. E. HANDY
Vice-President Hartford, Conn. Secretary
CHAS. H. STEWART E. B. WARNER
St. Davids, Pa. Hartford, Conn.
DIRECTORS

Dakota Divigion
¢. M. JANSKY, JR.

X y Faeifie Divigion
Preaident Dept. of Elec. Eng., U. of M. ALLEN H. BABCOCK
HIRAM PERCY WMAXIM Minneapolis, Minn. 65 Market Si.
Har&;?-:ercénn Delta  Division San Francisco
?ice-P ‘ i . 424 BHEaI;InJiiwﬁ‘Ni"‘iI}gg\E%ldg\ Roanake Division
(7HAIS?B?{.rg"I‘di5T\;$ART Chattanaoga, Tenn. - TRE:%?W.@;gn ("gLZA,VEm
St. Davids, Pa. Hudson Division Danville, Va.

) DR. LAWRENCE .J. DUNN N R
unadion General Manager 480  East 19th St., Iuntf{fy Mountain Divigion
A. 1{} &{‘IRUdSSELL Brooklyn. N. Y. h})m;fg &%EGAL

H Mail Bldg. . ) ¢/o  District  Attorney
Toronto, Ont, pogf%ugatﬂf’*gﬁ?g“ West_Side Court Bldg.,
B 194A. Roule 6 Denver, Colo.
Atlantic Division % Omaha :N(éi‘)w - Southeastern Divini
f'r. EUGENE C. WOODRUFF e e "HARRY P, DOBBS
2a4’ W, Fairmount “Ave. - New Fmgiand Division o ot g ey BBS
. g MR, & AL APV ¥ 3 o 5 AT
State College, Pa. £ Parkway. WHITE Atlanta, Ga.
Central Division Hanover, N. H. West Guli Division
CLYDE E. DARR Northwestern Division FRANK M. CORLETT
127 Hill Ave., Highland Park, K. W. WEINGARTEN 2515 Cutherine St.,
Detroit, Mich. 4219 No. 24th St., Dallas, Tex.

Tacoma, Wash.

Address General Correspondence to Executive Headquarters, Hartford, Conn.

SAY YOU SAW IT IN QS T—IT IDENTIFIES YOU AND HELPS QST



EDITORIALS

UDLONG seriously informed me the
B other day, after digging into some big-
wig’s book, that I had been violating
all editorial canons by signing my initials
to editorials written in the first person
plural—the editorial “we”. He says that if
I want to write that way I should leave
them unsigned, but that if I want to sign
them I should use the hated vertical pro-
noun. . .
Terrible! But not as devastating as it
sounds. This page has been signed for the
last couple of years because n}embe.rs have
insisted upon knowing who is doing the
preaching each month. But, with rare ex-
ceptions, [ have never used “we” in the edi-
torial sense, to mean the Headquarters
editorial staff as distinguished from the
readers of this great journal, nor as a con-
venient blanket of mysticism behind which
to launch my personal views. When I say
“we” [ generally mean all of us in the
League—you members who read this page,
the rest of the fellows at Headquarters, and
me; in short, we of the A. R. R. L. family.
Our problems and our successes are all
common to all of us as members of our
League. I admit I find it a relief to _dls-
cover a real justification for dropping into
the distinctly personal vein if ever I am led
to believe that it will beI more eﬁ'eitlve in
making my point, but propose to con-
st.itutegmyself a wobbly note &nd flit blithe-
ly from singular to plural and back again,
and 1 hope nobody minds. .
Now to get a few items off the hook:

‘VE’VE discovered a new way of increas-
ing the membership of the League. All
we have to do is include all of the people
who seem to think they are members, apd
bingo!-——up go the antenna amps. We've
just been checking up the pqmmatmg peti-
tions for Director, the petitions which re-
quire the signatures of ten or more mem-
bers, and a surprising percentage of
the signers are not members. There has
heen no dishonest intent; obviously these
people think  they are members,
and their interest in participating in a
nomination indicates that they ought to be.
The same thing is true in the Communica-
tions Department’s nominations for Section
Communications Manager. Handy was tell-
ing me the other day that about three quar-
ters of these nominations received by him

are invalid because they haven’t the signa-
tures of enough members.

The answer must be that these folks are
former members who have let their mem-
bership lapse. Probably they’re getting
QST monthly from the "stands and still feel
like members, but they can’t expect to par-
ticipate in our affairs like a member.
Headquarters carries names in arrears for
ninety days and then drops them. Every
member has a certificate, showing the date
to which his dues are paid. Are you by
any chance in this unfortunate class? Take
a look at your certificate—the date will tell
the story. And isn’t this the psychological
place to call attention neatly to the presence
in every QST of a convenient application
blank? = It’s Just as useful for renewals and
its despatch gives one such a contented
feeling'! :

THE fong-postponed international radio

conference comes off in Washington
early next year and we're wondering what’s
wolng to happen to short waves. Everyone
knows that the wonderful possibilities which
we amateurs displayed as residing in the
high frequencies have attracted all manner
of commercial interest in their exploita-
tion. Numerous high-power ¢ommercial
stations have come into existence recenily
and many more are planned. The variety
of services which see improved possibilities
for themselves in short waves is simply
staggering. The area which was once the
exclusive property of the amateur is bound
to be bitterly-contested ground at this con-
ference, with the possibility even existing
that an attempt will be made to partition
the short waves amongst the various na-
tions as was done with the long waves.
With every nation now barely able to find
enough channels for all her classes of serv-
ice when parcelling out the whole spec-
trum below 200 meters, one can imagine
the difficulties when a nation agrees to fore-
go all but a little slice for all her varied
interests. And in the many countries where
amateur radio is not as firmly grounded and
as well recognized as a useful institution
as it is in this country, one can have a ter-
rible nightmare by trying to imagine how
many channels will be left for amateur use
when commercial greed and government
autocracy have had their fill
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For the United States amateur the sit-
uation is further complicated by the expec-
tation that a new domestic radio law will be
enacted about that time, thus vacating all
the amateur rights now established under
the 1912 law. Until new classifications and
allocations are made under the new law (it
seems sure to happen) we will have no
status, no privileges. One can see approx-
imately where we get off if, about that time,
our country becomes party to an inter-
national agreement that partitions the short
waves, and our new regulations are bhased
thereupon. We hope that sound technicai
counsel will be available and will prevail
at this international conference. There are
ways out. We don’t think any partitioning
is necessary at all; but if it is decided to be,
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it doesn’t need to be by countries. By ¢on-
tinents would be just as satisfactory, for it
is the prevention of inter-continent QRM
that brings up the subject. Partitioning
by services seems to us still more desirable,
if there must be division. Doubtless we
amateurs could acclimate ourselves to life
in several husky bands and do our own little
private allocating around the world if,
again, it seems necessary. We have the
idea that if the conference does decide on
partitioning, there will be made available
for amateur use all around the world sub-
stantially the same short-wave bands now
allocated to United States amateurs.
Meanwhile the officers of the League and of
the I. A. R. U. are keeping in touch with
the situation. K. B. w.

The Northwestern Division Con-
vention

ever heid in the Northwestern Divis-
ion was held at the Tacoma Hotel,

O’NE of the most successful conventions

Tacoma, Washington, Oct. 8 and 9, under
the auspices of the Radio Club of Tacoma,
an affiliated A. R. R. L. organization. Over
seventy hams registered from all parts of
the Division, which is a mighty big one,
territorially. TPU of Hamilton, Montana,
and 7PE of Cloverdale, Oregon, were first to
register and from the time of registration,
on, there was a good attendance at all the
meetings and big doings that had been
planned.

The convention was officially opened on
behalf of the convention committee by
Chairman K. W, Weingarten. The first day
was started with a live traffic meeting. Mr.
A. A. Hebert spoke at some length on the
new Communications Department organiza-
tion. %EK, former D.M. of the Division,
spoke, stressing the importance of reporting
on time each month. 7PU told the gang
how to obtain and handle traffic. Next, the
gang adjourned to the club station, where
various groups hamfested and took a whirl
at the key of 7DK."

The Friday evening meeting was the
main technical session of the c¢onvention.
There was a lively discussion following a
paper on skip distances by A. R. R. L. Field-
man A. A. Hebert. Howard Mason, 7BU,
gave the gang the dope on crystal oscilla-
tors in his usual clear and complete fash-
ion. 'The gang adjourned at a late hour,
splitting into groups to hamfest at the club
shack or to visit various Tacoma stations
and pound brass into the wee small hours.

Saturday morning at ten o’clock all hands

were loaded into cars for an inspection trip.
The 500-watt wired-wireless installation at
the City of Tacoma’s new municipal plant
got most attention as everyone was inter-
ested in the details of the intricate calling
system employed. Saturday afternoon
there was a general meeting with more in-
teresting talks. Mr. Hebert gave a short
but informative talk about A. R. R. L.
Headquarters and general League subjects.
Bob Wasky next told the story of the
hardships encountered by the Wilkins’ ex-
pedition in going across Alaska with 1
scanty food supply and of radio conditions
in the Arectic with a 201-A battery-supplied
transmitter. Mr. E. E. Tugby, who chases
power leaks for the Puget Sound Power
Company, told of the many different kinds
of elusive QRM and related many humorous
incidents of his travels as a professional
trouble-shooter. The meeting broke up to
let the official photographer do his stuff and
to inspect the 500-watt Western Electric °
equipment at the local broadcasting station.

The big banquet was the final event on
the program. At each plate was a QSL-
card of 7DK bearing the menu on the ve--
verse, scmething novel in this line.

After a general loosening of belts and
some entertainment, Mr. Tugby, Radio Su-
pervisor (lark, Mason, Wasky, Hsbert, the
oificers of the Tacoma (lub, and members
of the convention committee spoke briefly.
Some valuable prizes were awarded thru
the courtesy of QST's advertisers. Spokane
was selected as the place for the next con-
vention. Although it was about midnight,
no one wanted to go home, so Director
Weingarten, who acted as toastmaster,
called on almost every ham in the room
for a few words. The gang said their
good-byes at two o'clock Sunday morning
and started for home. —K., W. W.
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How Our Tube Circuits Work
No. 1—The Hartley Circuit*
By Robert S. Kruse, Technical Editor

oscillating tube circuits, though

there are almost endless variations

of each of the kinds. It isn’t neces-
sary to understand more than a few before
one begins to see how the others must
work. To explain a few standard oscillat-
ing circuits simply is the purpose of this
series of “baby articles”—which does not
mean articles for babies, but refers to the
space they take up in the magazine.

The reason for beginning on the Hartley
circuit is that it seems about the simplest
to use and therefore the first that one will
try in a transmitting set. It would be a
shade easier to start the explanation with
the tickler circuit and—all right, let’s do it
that way.

Referring to Fig. 1A, we have an ordi-
nary tube connected up so that the filament
is hot-and the plate current is flowing—but
nothing in particular is going on that is
either interesting or useful for reception or
transmission. If in some way (never mind
just how) we made a small current flow for
a moment in the coil L1 the result would be
té6 change the voltage on the grid of the
tube for a bit, und as we all know the per-
formance would be repeated in the plate
circuit—amplified.

The last word in that paragraph was im-
portant; everything that follows ‘depends
on that one word and it must be remem-
bered. Let us say it again; everything that
is done in the grid circuit will be repeated
in the plate circuit but will be amplified,
will happen on a larger scale. Now if the
thing happens on a larger scale in the plate
circuit it MUST represent more power. In
fact, it does represent more power and this
is the thing that lets us make the tube
oscillate.

The Tube Begins to Regenerate
Now let’s go over what has happened.
1-—We made a small current flow for a

little while in LL1—a current “pulse.”
2—This put a small electrical charge on
the grid for a moment.

3—A currrent like 1 (but bigger) oc-
.curred in the plate circuit—a “pulse”
again, but on a larger scale.

Now then—what’s to prevent us from
taking a little of the big pulse of No. 3 and
passing it back to the coil L1 and making
the whole thing go thru the tube again and
be made still bigger and so on and so on?

The answer is; no reason at all, it is per-
""¥The first of a series—the next to appear in an
early issue of QST,

T HERE are not very many kinds of

fectly practical. One only has to put a coil
L2 in the plate circuit as shown in Fig.
1B, put that coil near L1 and everything is
ready to go. 2 and L1 are a transformer;
anything that happens in one coil is re-
peated into the other ¢oil and the show
keeps on with the “pulse” getting stronger
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each time it goes thru the tube and gets
back again to L2. We wind up with a
much stronger pulse than we had in the
first place.

Putting the Idea to Work
Reasoning along exactly that line, sev-
eral of us in 1917 rigged up a receiver like
that shown in Fig. 1C, which is the same
thing we have been talking about with the
difference that we have added an antenna
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system, 2 tuning condenser C1 and a pair
of phones with their little by-pass con-
denser 02, We thought we had invented
something for we had never heard of the use
of a tickler—-and I described our ‘“invention”
quite seriously on page 11 of QST for Sep-
tember of the year 1917. If any of you have
that ancient green-colored QST wvou will
find that the article brags about the very
great increase in signals that resulted.
Later on, we found that the thing had been
done before and was almost as ancient as
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FIG. 2 ~DEVELOPING THE HARTLEY CIRCUIT
FROM THE PLATE - TICKLER = CIRCUIT

the “tuned plate” idea which we will come
to later. We didn’t care, we had the effect
we were after. A signal would arrrive at
the antenna from some amateur spark sta-
tion 600 miles away, barely able to trans-
fer itself to the coil L1; immediately after
which it got fiipped thru the tube and then
back to L1 again until there resulted a
booming signal that could be heard all over
the house. The amplification one could get
with one audion on those old spark signals
was something tremend—but never mind
that. This isn't supposed to be a history.

The Tube Oscillates

Now if we put the coil L2 quite close to
L1 we get more of this “regenerative” am-
plification we have been talking about. The
closer the two coils c¢ome the more the
thing “regenerates" until suddenly we hear
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the familiar “plop” in the phones and know
that the tube has started to “oscillate.”

Fair enough—but what hus happened?
The answer is this. We have managed to
increase the *feed-back” of energy from L2
into L1 until the thing is going on by itself,
passing a pulse around and around thru
itself and going right ahead with this per-
formance ¢ontinuously. We no longer need
to hand it a “pulse” each time to get it
going, the thing is automatic and keeps
right on swinging.

How fast does it swing? At the rate to
which the eircuit L1-C1 is tuned. If that
circuit happens to have in it the &-turn “B”
coil of an Aero products kit and the con-
denser is a 140-picofarad Karas, set at full
scale, this circuit will be tuned to 30 me-
ters or 10,000 kilocycles and that’s the rate
at which our tube will pass pulses around
thru itself.

Transmission or Reception

Now we have an affair that can be used
for c.w. reception or spark reception by sim-
ply working the tickler back and forth as
needed. The same circuit can be modified in
enough ways to make a person’s hair stand
on end—and every one of the modifications
is credited to at least three people in dif-
ferent countries.

If you have ever lived near one of these
affairs you know that it is also a transmit-
ter. It can be made into a better transmit-
ter by using & larger tube and making the
slight changes shown in Fig. 1D.

Practical Transmitting Circuits

Now we will begin to sneak up on the
Hartley cireuit, which you have probably
forgotten during all this talk.

Looking at Fig. 1D one will notice that
there are several things about the circuit
that makes it rather poor for transmission.
For one thing we will have some difficulty
getting three coils near each other at the
same time without having fireworks be-
cause all the coils must have c¢lips on them
and these clips have a discouraging way of
sticking out in the wrong direction and
making c¢onnections with something else.
That’s really reason enough for avoiding
the circuit, especially at short waves where
room is always scarce. If another reason
is meeded, it will be found when one tries
to adjust the circuit so that there will be
a decent output to the antenna without hav-
ing excesssive strain on the grid. It is
very easy to heat the grid red hot and the
filament up to the melting point. The trick
of Fig. 1E gets around this partly, but
adds another clip.

All of this can be gotten around very
easily by simplifying the circuit a bit—
which will incidentally give us the Hartley
eircuit.
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Referring to Fig. 2A, we have again the
tickler-feedback arrangement in its sim-
plest form, just as it appeared in 1B. Now
in 2B we have swapped the positions of the
tickler coil and the h.v. (high voltage). This
isn’t a very practical arrangement, but we
are only going to use it for a moment so it
will do. Looking at 2B at once sugggsts
that a single coil would do the job since
the two are in line and connected together
at the ends. 2C shows such a single-coil
arrangement, but if we try to work it very
hard this affair will show the same difficulty
that we found before—the tube will want
to overheat. A little thought will show that
the difficulty lies in the location of the dif-
ferent connections on the coil. The timned
part of the coil will have auite a voltage
across it, even though there sre anlv o fo
turns between the filament clip 2 and the
grid clip 1, while the lower part of the ¢oil
(L2) will only have such voltage across it
as is picked up from L1 by transformer
action—and that generally isn't enough.. Qf
course, one thinks of putting the plate clin 8
further out on the coil as shown in “X” of
Fig. 2C to pick up more voltage and that
does help somewhat, but not all that is de-
sired, partly because these last turns are so
far away and partly because of an “out-of-
phase effect” that is even worse to explain
than it sounds.

The next thing that one thinks of is to
change the condenser over to the plate end
of the coil as shown in Fig. 2D, and that
isn’t half bad, although there will now be a
tendency for the pgrid to take too much
currrent. .

Finally, one is likely to fall on the idea
of tuning both coils as shown in Fig, 2E
-—and then one has the Hartley ecircuit in
its simplest form. It is a perfectly practical
oscillator in this form and has_been used
very widely for laboratory oscillators and
low power transmitters,

Hartley Receivers and Transmitters

Now it is a pretty fair electrical rule that
one can always use a generator as a motor
-—or a transmitter as a receiver. With a
few exceptions, that applies to all of our
circuits. 8o, too, the Hartley circuit makes
a good receiver or transmitter, provided one
makes a few changes to fit the job.

Let us move on to Fig. 8 and take a hard
look at Fig. 83A so as to memorize the fun-
damental circuit well. Perhaps it will help
to say that this is the simplest form of the
circuit and that it was devised (along with
a lot of variations) by R. V. L. Hartley of
the Western Electric Co. from which so
many good things in radio came. (Did
you know that the Colpitts circuit also hails
from there?)

o
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The Actual Transmitter

Now suppose that we try to use this nice
simple circuit for transmitting. We will
very promptly run into a whole family of
difficulties which will require slight modifi-
cations of the circuit. Referring to Fig.
3A, we see the same “fundamental circuit”
that we have just talked about. To convert
it to a sending ecircuit we intend to use a
larger tube with higher plate and filament
voltages, and to add a key to_ turn the
plate voltage off and on. This sounds sim-
ple; we only need to connect the thing as
shown in Fig. 3B and we are all ready to
go. Let's try it.

Hello—what makes the plate transformer
smoke? Shut it off before something burns
out! What’s the matter?

That isn’t hard to answer. As soon as
the tube startea to oscillate the radio fre-
quency tried to go to earth via the iilter
and rectifier and the 110-volt wires as
shown by the dotted line. The insulation of
the plate transformer P, T. didn’t stop it
at all; it just went ahead thru the capacity
of the windings, as shown by the dotted
line. That was why the tube and the trans-
former were both so hot. This scheme was
0. k. when we used B batteries on the plate
but not when we use a rectifier-filter, a
generator, or anything else driven by the
110-volt line. We can get out of this diffi-
culty by putting a ground on the system
at “Gl,” but the immediate vesult is that
we have the whole d.c. plate voltage on the
filament circuit and if the operator isn't
killed by touching the key, we at least
have a good chance of burning out the fila-
ment transformer by having the high-
voltage plate current cut thru the path sug-
wested by the arrow. Even if we make
a filament transformer that has plenty of
empire cloth between the windings we still
have a hot key, and there isn’t any other
very good place to put the key—at least
not when the whole system is “hot.”

There are other possible locations for
the ground connection but they- mostly
“load” the key and we are no better off.
We will be better off with the ground at
G2. Then the key and the filament trans-
former are safe. Let us put the ground
there and try to invent a way of keeping
the r.f. out of the filter. Clearly the way
to do that is to let it go by the filter via a
bypass condenser and in addition to dis-
courage it from thinking about the filter
by putting in some choke coils. This gives
us the combination of Fig. 3D which is a
perfectly practical one, provided only that
the chokes (R.F.C.) are good enough.

This arrangement can be simplified a bit
further by connecting the minus (negative)
side of the filter direct to the ground and
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filament, instead of making it get back thru
the coil L2. Then we have the arrange-
ment of Fig, 3E, which is the one most
of us use,

Shunt and Series Feed

You will notice that 8D is labelled “series
feed” and 3E is labelled “shunt feed.” This
- is a difference which isn’t really important
e but is often talked about—and argued over.
There are a number of varieties of each
arrangement but in general the “series
feed” systems cut the plate lead (or the
helix) put a condenser across the gap and
connect the filter across that gap (with or
without r.f. chokes). The shunt systems
start out by connecting the plate supply
dxrect from filament to plate and then put-
ting in any chokes that become necessary.
It isn’t veally a big difference—in one case
:‘E}I gllE; the plate supply is connected across a part

256, T =6, oﬁthe p{l:ate circuit—in the other case across

of 1

..... a .
[;EERT%E—\EHE_I The Troublesome R.F. Choke

In the practical circuits we have had r.f.

key Ir:rx

_»[:"l | E?D chokes—and they are a nuisance. If one be-
- _ comes annoyed by them enough, one c¢an
ﬁ“g resort to the series feed system shown in

=, Fig. SF—provided one can find a condenser
0;""’4,{ 8¢ ana that is good enough to stand the full radio-
\I é frequency currrent that is going around the
e E E {g’iﬁ tuned circuit (several amperes) and is still
........ of big enough capacity so there will not be
FILTER [~ Rect, ebc—r a very big voltage across it. If one tries

to use an air condenser, the capacity isn’t
enough and one gets up so much radio-
frequency voltag'e HCTOSS the thing that an
r.f. choke is needed again in the positive
side of the line at “X."” Then one has not
gained anything except that the choke
= doesn’t have guite so much work. On the
other hand, one has had to cut the helix

?’”‘ and put the condenser in the center of it.
@ﬁ‘t‘—qw ol o If one tried to use a large (paper or mica)
condenser to get the voltage down, the con-

R - denser will burn up with almost absolute

WI:‘“ certainty.
< :% . Raiging the Efficiency

ey A AL 3 o Very well, let us conciude that circuit
[—mflﬂ‘ié “—j‘—_—:é[g 3E is good enough, just as rerhaps half the
d.,

= transmitting amateurs of this country have.
When we try to work this circuit at full
power we find that the tube runs rather too
hot, both the plate current and the grid
current are larger than they ought to be.
A little cutting and trying also shows us
that we can’t adjust these things without
adjusting the wavelength at the same time
—for the only adjustment we have is to
move the plate and grid clips 1 and 3. To
get around this we usually add two addi-
tional clips as shown in Fig. 3G.

Adjusting the Circuit
This is no place to go into details on
FIG 3 —DEVELOPING PRACTICAL SENDING CIRCUITS transmitter adjustment. That was covered
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in the very good article, “Adjusting the
Transmitter” which appeared on’ page 23
of the June, 1925, issue. If you do not
have it, get it. Briefly, clip 3 controls the
input to the tube; the further down the coil
(away from the filament clip) it is set,
the less power the tube takes from the plate
supply system. Clip 1 controls the “grid
excitation”; if it is too close to the filament
clip (2) the tube will not oscillate well; if
it is too far away from 2 the tube effi-
ciency will be bad. Generally it is a good
idea to use as many plate turns and as few
grid turns as possible. In practice, this
means something like 2 or 3 plate turns
for each grid turn. One can argue forever
about the proper places for clips 4 and 5.
They should always be “inside” of 1 and 3.
Naturally, the fewer the turns between 4
and 5 the more capacity one needs in the
variable condenser. This is good and tends
to steady the wave up to a certain point,
beyond which the tuned circuit seems to
lose control of the tube’s action. Various
things then happen—the tube works irreg-
ularly, gets hot and what not. My own rule
is to have clip 4 about 1% of the way up
toward clip 1 and to have clip 5 about 1-3
of the way down toward clip 3. Everyone
else who has used the ¢ircuit will object—
and I’ll not reply, for you are welcome to
choose your own combination. But at least
—~—use plenty of condenser, it isn’t much use
to attempt getting steady action out of an
80-meter job that is trying to struggle along
with an unsteady line voitage (they mostly
are unsteady) and a tuning condenser of 120
picofarads or even less. 500 picofarads is
much more like it—--though one needs a good
heiix to allow the rather large current to
circulate without bad losses. That was
covered on page 29 of the July, 1926, issue.
A picofarad, by the way, is the same thing
as a micro-microfarad and has the advan-
tage that it can be abbreviated “pfd.”,
which does not take any Greek letters,

Connecting to the Antenna

So far we have talked as if the oscillator
were all that there is to the system sending.
That isn’t so, of course, for we can use a
Hartley oscillator to feed any possible sort
of an sntenna—vertical, horizontal, slant-
ing, straight, bent, loop, multiple-tuned,
grounded, ungrounded, and of any particu-
lar type—Hertz, Marconi, Zeppelin or any-
thing else you happen to think of. Finally
we can feed these assorted antennas by
bringing them to the oscillator (or the oscil-
lator to them) or else we can feed thru
some sort of a feed line—single, double,
tuned or untuned. All thru the whole bus-
iness the Hartley oscillator stays a Hartley
oscillator. The kind of antenna and the
kind of feed system doesn't change that at
all,

Tt 1 GALLE CAMACIILy MUV L
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Just which of the various antennas and
feed systems you should use is entirely too
long a subject to drag in here. Antennas
seem to go by fashions mostly in the Unit-
ed States and the feeding systems were
given all the space they deserved on pages
8 to 14 of our July, 1926, issue.

LeStrays gy

This actually happened recently, to a good
ham we all know. Said ham was going across
on a C.P. ship to England, and had several
listening tests with a friend in the States.
Everyphing went well until he wanted to tell
the friend that his sigs were being received
OK on the ship. He wanted to send a
imessage with just as few words as possible,
so the message was as follows:

To John Smith, Pocahontas, Virginia
cee— Ri— . .= (sig).
The message was filed with the op on
the ship, and the op called the nearest
coastal station, started the message and got
OK down to the text when the following
transpired: .
Coast Station “RepeatText”
Ship “R”
Coast Station “Yes, but repeat text”
Ship “R”
Coast Station “If R, R” ‘
Ship “No, not 2 R’s, only one R”
Coast Station “Can’t you read, go ahead
and fetch senior op”
Ship “R”
Coast Station “Yes, OM I want text”
(senior op then takes key)
Coast Station “Other op can’t read pse

qta text
Ship UR”

Coast Station “If I have any further de-
lay to traffic I shall report you”
Ship “The text is R R R”
q’oast Station “Is that one, two or three
s

Ship “One R” . .
and finally the Coast Station said “r ok”, hi!

P. L. Whitman of Halifax, N. S., has been
granted a patent on a very nifty ‘“universal
time” dial by means of which the time of
day in any country in the world can be told
at a glance at the Big Ben. Two paper dials
are to be attached to the face of Ben, one
dial being graduated in five-minute divisions
from midnight till 2400 (G.M.T. fashion).
The second dial fits over the first one and
when properly set for your local time will
give the time in the principal countries of
the world. For the smaller countries a lish
of time zones is given in addition. )
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Detector Action in High-Vacuum Tubes

Lloyd P. Smith*

ten on the subject of detection by
means of the familiar high-vacuum
tube, yet the subject is more inter-
esting than ever, because of the stress be-

N UMEROUS articles have been writ-

ing laid on good «uality reception. Two
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common methods of detection will be dis-
cussed and the difference in sensitivity and
quality will be pointed out.

Grid Rectification

It is a well-known fact that if a curve of
grid current for various grid voltages is
taken for @ common high-vacuum tube,
such as the UX-201-A, a curve of the form
shown in Fig. 1 is produced. It is this
curved characteristic of the tube that makes
the usual method of detection possible. Let
us see how this characteristic is used. To
do this it will be found convenient to forget
about the plate and the plate circuit for the
time being. For the purpose of explanation,
let us take the grid characteristic curve of
the UX-201-A as shown in Fig. 1 and also
the ecircuit which is used with this tube for
detection with the grid leak and condenser
(Fig. 2). Under these conditions the erid
will assume a potential which (referred to
the “—~=" end of the filament) will be less
than the five volts on the filament by an
amount equal to the voltage drop through
the grid leak. The current flowing to the

#2384 Linden Ave., Ithaca, New York.

grid will be some value gI, The resistance
of the leak should be such that the grid
potential corresponds to & point on the
grid characteristic where the curvature is
the greatest, such as the point (A) Fig. 1.
When an unmodulated radio frequency wave
js impressed on the grid under these condi-
tions, there wiil be an increase in the direct
current flowing to the grid. The reason for
this, is that when the grid potential swings
more positive on one half of the cycle there
is an increase in grid current and when the
grid swings more negative than the point
@, on the next half of the cycle there will
be a decrease in the grid current. On ac-
count of the curvature of the characteristic,
the increase is greater than the decrease,
and the result is an increase in the average
current flowing to the grid. This increase
in grid current would not of itself cause
any change in the plate current of the tube,
but since the increase in grid current must
flow through the grid leak, the voltage drop
across the grid leak is increased and there-
fore the potential of the grid with reference
to the filament is decreased. This decrease
in the grid potential causes a decrease in
the plate current, which explains why de-
tection, by the use of a grid leak and con-
denser, takes place with a decrease in plate
current. It has been assumed in this dis-
cussion that all of the radio frequency
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passes through the grid condenser. This is
essentially true due to the very low react-
ance: of the condenser to radio frequency
compared to the high resistance leak.
When a modulated signal of the form
shown in Fig. 8a is impressed on the grid,
the same thing happens to the grid cur-
rent as outlined above, but the amount of
increase in grid current is not the same
for each cycle of radio frequency because
the amplitude of the radio frequency
changes. The grid current which is pro-
duced by the modulated radio frequency is



December, 1926

shown in Fig. 3b which illustrates the
greater increase in grid current. The aver-
age value of grid current at any instant
is given by the current wave shown in Fig.
3e. This wave has the same shape as the
audio frequency wave which was used to
modulate the.radio frequency at the-“trans-
mitting station, excepting that it has been
distorted somewhat by the addition of a
small amount of even harmonics introduced
by the curvature of the grid characteristic.’
If it is assumed for the time being that all
of this audio frequency component of the
grid current must flow through the grid
Jeak, because of the very high reactance of
the ¢rid condenser to audio frequency, it
will cause a voltage drop across the grid
leak which will vary directly as the current
shown in Fig. 3c. Therefore, the actual
potential of the grid changes at_an audio
frequency in a like manner. Tt is this
change in grid potential at an audio fre-
quency that produces a corresponding va-
riation in plate current. By referring to
the plate-current grid-voitage curve Fig. 4,
taken at a plate potential of 45 volts, it is
easily seen that at the positive grid po-
tentials where the tube is working, the
curve is very nearly 8 straight line and
therefore any change in grid potential will
produce ‘a corresponding change in plate
current without appreciable distortion. The
magnitude of the change in plate current

st

"

T

iz NSO e S

FIG. 3

with a given change of grid potentia] is de-
termined by the slope of this line, which in
turn depends upon the amplification con-
stant and plate resistance of the tube. The
slope is always such as to give a larger
change in plate current than the actual
change in grid voltage, and therefore am-
plification takes place. This amplification
occurs in exactly the same way as in an

{. The appearance of a given percentage of 2nd
harmonics may be used as an index of the maximum
energy which an amplifier should handle.—Tech. Ed.
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amplifier tube when an audio voltage is im-
pressed on its grid. As will be pointed out
later, in plate rectification no such amplifi-
cation is taking place and therefore the
sensitivity of the tube acting as a detector
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is much greater when used with a grid leak
and condenser than when it is used for plate
rectification. However there is much more
distortion when the former is used.!

Choosing the Leak and Condenser

It is evident from the preceding discus-
sion that the actual grid potential depends
upon the resistance of the grid leak and the
potential of the point to which the grid is
returned, i. e., the positive or negative fila-
ment or through a bias battery. As was
mentioned before, these two factors must
be adjusted so that the potential of the grid
corresponds to the point on the characteris-
tic where the curvature is greatest. It is
evident also that the change in grid poten-
tial is greater when the resistance of the
leak is large, and that greater senmsitivity
results. However, the potential of the grid
return must be adjusted to keep the con-
stant potential of the grid at the correct
value. The best results for a UX-201-A
are obtained waen a grid leak of 2 to &
megohms _is used with the grid returned to
the positive filament.

For simplicity, it has thus far been as-
sumed that all of the audio frequency grid
current passed through the grid leak. How-
ever, this is true for low audio frequencies
only. For the higher audio frequencies and
their harmonics, there is considerable by-

2. If one has ample energy in the antenna, or

a great deal of r. . amplification in the receiver,
the C-battery method of detection has its p;infa.
-~Tech. Ed.
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passing through the condenser, which low-
ers the impedance and therefore causes less
change in grid voltage than the low fre-
quencies. The same effect is produced by
increasing the capacity of the condenser
and holding the frequency constant. It is
then important to make the grid condenser
as small as possible without offering an
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appreciable reactance to radio frequency
hecause, if this occurs, the actual radio
frequency change in grid voltage will be
decreased and therefore the rectified cur-
rent will be decreased. It can also be seen
that the resistance of the grid leak should
not be increased to too high a value, be-
eause this will cause a greater proportion
of the audio frequency grid current to pass
through the condenser at the higher fre-
quencies. It will be found that the best
condenser to use with the grid leak men-
tioned before is one which has a capacity of
L00250 microfarad. Capacities lower than
this, decrease the amplitude of the radio
frequency e.m.f. impressed on the grid and
therefore decrease the output, while higher
capacities cause a decrease in output on
account of the audio frequency by-passed
through the condenser.’

The most important poinf to be noted is
that an added source of distortion is intro-
duced by using the grid leak and condenser.
This may bhe termed a frequency distortion.
It reduces the sensitivity about 60 per cent
at an audio frequency of about 8000 cycles.

Plate Rectification

In detection hy the method known as
plate rectification, the grid leak and con-
denser are not used but a bias battery is
used instead. The grid circuit for this
method is shown in Fig. 5. It is obvious
that there will be no change in the grid
potential at an audio frequency—only a
change at radio frequency. If the grid is
held at a constant potential, A, Fig. 4, by
a bias battery, so that the slope of the
plate-current grid voltage curve is changing
most rapidly, rectification of the plate cur-

8. The walues are given for the 200-600-meter
band. Reference to a previous sentence in the para-
graph will show that the best capacity tends to de-
erease as tle frequency increases. This is in line
with amateur short-wave practice,—~Tech.
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rent will take place exactly the same ag
erid rectification shown in Fig, 3, a, b and c.
Thus an audio frequency change in plate
current is produced directly by this method
without first causing the grid potential to
change at an audio frequency.

It was mentioned before that this method
was much less sensitive than grid rectifica-
tion. The reason for this can be brought
out by a contrast of the two methods. In
plate rectification, the audio change in plate
current is produced directly and it is evi-
dent that this audio frequency rectified
component is very small, bat with grid rec-
tification the a. ¢. component is made to
change the grid potential at a correspond-
ing frequency, which causes a change in
plate current that is amplified just as if
this audio change in grid voltage had been
impressed ¢n the grid of an audio ampli-
fier tube.

It is important to note that frequency
distortion as produced by the grid leak and
condenser is entirely absent in plate recti-
fication, Thus, much better quality can be
produced by this method at a sacrifice of
sensitivity. An idea of the difference in
sensitivity between these two methods may
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be had by comparing the input-output
curves taken on a UX-201-A tube for the
two methods, as shown in Fig. 6.

Detection with the UX-200-A Tube

A discussion of detection would not be
complete without mentioning some of the
qualities of the UX-200-A detector. This
tube possesses much greater sensitivity
than the older types of detector. It owes
its high sensitivity to the fact that it makes
use of the positive fons of an alkali metal



December, 1926

which is distilled into the tube. The actual
process of detection is entirely different
from that which has been described and it
is possible to connect the tube with a grid
bias of from -1 to -2.5 volts or with a grid
leak of 1 or 2 megohms and a condenser
of .000250 microfarad. The grid leak and
condenser are recommended because the
feak keeps the tube biased correctly. The
grid is returned to the negative filament in
each case, although when the leak and con-
denser are used, the return may be con-
nected to the positive side of the filament
without much difference in performance.
The detection is accompanied by a sort of
hissing or rushing noise similar to the fa-
miliar noise made by an unmodulated
carrier wave in & radio receiver. This hiss
is greatly reduced when a carrier wave is
impressed on the grid and is therefore not
objectionable while signals are being re-
ceived if not more than two stages of audio
amplification are used.

In comparison with other tubes the sen-
sitivity is greatest for small input signals;
this can be brought out best by inspection
of the input-output curves, Fig. 7, of a
UX-200-A and a UX-201-A, with the same
values of grid leak and condenser men-
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tioned above. It can be seen that the sen-
sitivity of the UX-200-A is very much
greater than that of the UUX-201-A for this
range of inputs. For very large inputs the
difference in sensitivity is not so great in
comparison with other tubes. From these.
curves it may be seen that for weak signals
this detector is equivalent to an ordinary
high vacuum gietector plus one stage of au-~
dio amplification,
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When a Guy Wire Breaks
By C. Hoover*

ECENTLY two of the topmost gu

wires on my 50-foot pole snapped.

The problem was to put them back
without taking down the pole. This is how
it was done.

I went to the lumber yard and got four
15-foot lengths of one-inch by two-inch
lumber and screwed a hook into the side
of each piece near its end. The idea was
to fasten the pieces together into a single

1\ Anlenna hoisting
- s, H.)b‘

$r' v prece

RSty r ) __}

strip and then to push this strip up along
the antenna hoisting rope from which it
would hang by means of the hooks. The
strip which went up first had to carry the
new guy wire which was fastened on to
a slanting piece of wood a foot square and
half an inch thick. The idea of this slant-
ing piece was to make the loop at the top
keep shape and give it a convenient angle
to Sh(f over the pole when the string was
pulled. The details can be seen in the pic-
ture. A string was tied around the loop at
the top to pull it over the top of the
pole when it was in place. With the first
section thus prepared the hoisting rope
was pulled out taut and the first section
hung on it. Another section was then
screwed to this and its hooks put over
the pull rope and so on until the whole
thing was long enough to reach the top
of the pole. The hooks in the strip served
as guides to run up the holsting rope and
prevent the strip from buckling. When
the loop in the wire was at the top of the
pole someone pulled the string which made
the loop lasso the pole. The new guy
wire thus put in place was pulled tight and
the pole strips used to put it up were given
a slight jerk to pull out the staple which
had purposely been put in lightly. Then
the strip was pulled down and taken apart.
The thing can be repeated as often as
necessary to put up the required number
of guys. The whole operation took about
one hour at 9AMU. Oh yes, we left the
strings dangling, but we will eliminate
them by seiting fire to them and burning
them off. We soaked them in kerosene

. first, just so we would be able to do that.

*9AMU, 210 E. State St., Marshalltown, Iz
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A Floating Beat Note

By F. I. Anderson®*

HE hook-up herewith presented pro-

vides an automatic frequency changer

for superheterodynes; and at the

~ same time does away with the

troublesome double beat, that irritating

weakness of the super in bringing in a sig-
nal at two points on the oscillating dial.

The oscillator in this case is fixed, and
long-wave, its frequency being matched to
the transformers chosen.

Referring to the diagram, tube B is the
“first detector”; and tube A is a tuned
radio frequency stage preceding it. Tube
C is the long wave oscillator tuned to the
peak of the transformer used.

Tubes A and C are connected in parallel
across the loop, the tuned sigmal dividing
hetween them. The fraction of the signal
energy taken by A passes on to the first
detector at radio frequency. The fraction
of the signal energy taken by C is mixed
with the long wave oscillations; therefore
the output of- ¢ (being the subtrahend of
the radio frequency and long wave fre-
quencies) bhecomes automatically the de-

¥ Firsd Detector"
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sired heterodyne obtained by manual tun-
ing in the conventional super. This is
passed on to the first detector, B, by the
usual pick-up.

As an example, let us say the long wave
oscillator is set for 50 kilocycles. The tuned
signal is, say of 600 kilocycles. The frac-
tion passing through A is handled at
radio frequency. The fraction taken by
C is heterodyned on the grid of this
tube, and becomes 600-50, or 550 Ke. This
output is passed on to the first detector,
whose output becomes conventionally 600-
550, or 50 kilocycles, the frequency desired
for amplification via the intermediate fre-
fquency transformers. . .

The capacity-impedance bridge is shown
in the diagram as a simple method of mix-
ing the fixed component and the signal fre-
quency without troublesome reaction be-

tween tubes A and C. A number of other

#4683 Y.exington Ave., New York City.

ways suggest themselves—a separate local
oscillator, or a common feed-back. The
quartz crystal suggests a fascinating field
of experiment.

This automatic frequency changer may
apply to any tuning cireunit for long-wave
transformer amplification. In achieving
its automatic feature and doing away with
the troublesome double beat of the super,
it sacrifices the inherent selectivity of the
tunable oscillator. The floating beat-note
system is only as selective as its tuner. For
this reason one or more stages of tuned r.f.
amplification may advantageously be used
ahead of the “first detector”.

Standard Frequency Schedules
O.W.L.S.—S.F.

HE short-wave transmitter of the (vold
Medal station (WCCO) at Anoka, Min-
nesota, has definitely become & part of
the system but the “X” call has not been
issued (Nov. 2), therefore the station will
sign ‘OWI and 9X—-' when sending S, F.

schedules.

Additions and Changes
Dec. 2 Schedule B AWI-9X—
Dec. 5 ” (¢ 1XM
Dec. 10 ” A 1XM
Dec, 12 " C IWI-9X—
Dee. 17 * A OWI-9X—
Dec. 23 i B 1XM
Dec. 30 » B OWI-9X —
Jan. 7 " A 1XM
Jan. 9 ” C 1XM
Jan. 14 * A OWI-9X
Jan. 16 ” ¢ YWI-9X-—
Jan. 21 ” B 1XM
Jan. 28 ” B OWI-9X .

The transmissions of 1XM have been and sare
being checked as stated in the November annonnce-
ment. The same procedure is anticipated in the case
of 9W1-9X~, but is not complete.

— 8 Straysg

D. W. Imel, late DX brass pounder on
NUMM, the I/.8.8. Litchfield, is now operat-
ing commercially for the Marland Pipe Line
Company at Ponca City, Oklahoma. The
call is KFE and the wavelength 45 meters
(6600 Kes.). This station communicates
regularly with a similar one (KEH) at
Panhandle, Texas. The operators are very
anxious to determine how ftvell the sigs are
reaching out and will appreciate reports of
reception of either KEH or KFE. Such
reports should be addressed to Imel at KFE.
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Checking the Tone and Wavelength of
Transmitters
By J. K. Clapp*

aware that their receiving sets may be

used to check up not only on the tone of

their transmitters but also on their wave-
lengths. There are several ways in which
these objects may be accomplished, depend-
ing upon the receiving system used.

First, let us take the case of the average
transmitting amateur, where the station will
likely have but one receiver (at least in

IT seems that many amateurs are not

operation). Suppose the transmitter to he
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operating in the 40-meter band. To check up
on the tone of the transmitter, it is only
necessary to tune the receiver to double, or
triple, the wavelength used. See Figure
1. Thus to check the tone for any adjust-
ment of the transmitter within the forty-
meter band, the receiver must be capable of
adjustment over the range of from 75 to
85.6, or from 112.5 to 128.4 meters. If the
transmitter is of low power and not too
close to the receiver, it may be possible to
obtain a good beat tone with the transmitter
frequency, when the receiver is tuned to
the double wavelength. If the transmitter
is too close to the receiver it will be neces-
sary to use the triple wave in order that a
clear beat may be obtained. If difficulty is
still encountered in obtaining a clear bheat
tone, in stations where a separate receiv-
ing antenna is used, it may be necessary to
remove the receiving antenna connection
from the receiver.

Many onerators will be terribly disap-
pointed with the tone which they hear when
this method of checking is tried. The ad-
vantage lies with them, however, for they
can now make any adjustments of the trans-
mitter circuit with full knowledge of what
effect these adjustments have on the char-
acter of the tone. When using a Hartley os-
cillator the proper adjustments for a steady
note are briefly summarized as follows: Use
as few turns as possible in the main os-

N *#[nstructor, Communication Div., Elecirical En-
yrineering  Department, Massachusetts Institute of
Technology, Cambridge, Massachusetts.

cillating ecircuit, keeping the value of tun-
ing capacitance as high as possible for the
desired wavelength; keep the excitation volt-
age down to reasonable limits by using as
few “grid” turns as will give reasonable
output; (“grid” turns are those between
the center-tap and the grid-tap of the
primary coil). Keep the plate load at
reasonable values by using plenty of “plate”
turns; (“plate” turns are those between the
center-tap and the plate-tap of the primary
coil). And finally, do not couple the antenna
circuit too closely to the transmitter. If the
antenna system sways in the wind and pro-
duces a wabbly note, detune the antenna
circuit by shortening the wavelength of
the antenna system until the antenna cur-
rent is about 80 percent of the possible
maximum. Detuning on the “high” side
always gives a rougher tone than when the
detuning is carried out by making the an-
tenna ‘wavelength less than the oscillator
wavelength.

Using this method, the character of the
note may easily be checked and also the
steadiness of the transmitter frequency.
The hifts of frequency with keying (key
chirps) may be detected and also the slow
drift due to the tube warming up after the
plate load is thrown on. In unstabilized or
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non-crystal transmitters, there is always a
frequency drift when the transmitter is
first started. This drift is worse when the
tube is started cold, and is appreciably less
when the filament has been running for
some time before the plate load is thrown
on. Upon commencing keying, the heating
of the tube elements, due to the flow of
plate current, will cause a shift in fre-
quency, which continues until the elements
have reached their new steady temperature.
Continued transmitting, at a uniform speed,
will then take place with very constant
frequency, but a slight shift will result
from change of speed in transmission, as
the tube elements then assume a new steady
temperature.

To obtain a knowledge of just what wave-
length is being used on the transmitter, two
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receiving sets are required, or one receiving
set and a tube-driven wavemeter. One of
the receivers is tuned to double or triple the
wavelength of the transmitter, as described
above. The transmitter is then shut down
and the usual receiving set is used to pick
up the second or third harmonic of the one
used for listening to the transmitter. The
heat tone heard through the regular receiver
will be found at the exact point in the band
where the transmitter is working, The
process is shown by Fig. 2. If, as often
happens, the transmitter is found to be ad-
justed very close to the wavelength of some
of the American or foreign commercial sta-
tions, operating within the American ama-

4
REGULAR WECEVER-A AUXILIARY RECEIVER= B,

LD |

FIG 3-SETTING THE TRANSMITTER ONA‘HOLE IN THE
INTERFERENCE® WniCH WAS LOCATED BY MEANS OF THE
RECEIVER A

teur bands, this method of checking the
transmitter wavelength will make it evi-
dent and will account for the poor DX ob-
tained when trying to compete with several
antenna kilowatts, though they may be 3000
miles away.

The transmitter may be adjusted to trans-
mit within a very few thousand cycles of a
given frequency in the band by reversing
the process outlined in the previous para-
graph. (See Fig, 3.) The regular receiv-
ing set is first adjusted to the wavelength
at which it is desired to operate the trans-
mitter; the auxiliary receiver, or tube wave-
meter, is then adjusted to the double or triple
wave, The transmitter circuits are then
slowly adjusted until beat note is picked up
by the auxiliary receiver. When this beat is
heard, the transmitter has been adjusted to
operate as desired within the band. In this
manner it is possible to quickly adjust the
transmitter so as to place it in operation in
a “hole” in the screen of interference exist-
ing in the 40-meter band, or change the
transmitter so as to place it in operation in
amount, so as to just avoid an audible beat-
ing with any transmitter which may be
causing interference at the time,

Pacific Division Convention

E Pacific Division Convention, held at
San Jose, Calif., October 15, 16 and 17,
was a highly successful gathering—if
the exuberance of some 200-odd hams is any

w2
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indication. The ostensible purpose of a con-

vention is to give the hams an opportunity
of improving their minds by listening to
talks by men of justified reputation in the
art of radio. 'That purpose was amply met
in the case of the Pacific Division Conven-
tion. But when all is said and done, we all
know that the magnet that draws hams to
conventions is that indescribable spirit of
fellowship that makes one ham long to
meet face to face the fellows with whom
he has been conversing over the air.

Meetings were addressed by Dr. Kolster,
Dr. Taskar, Gerald Best, D. P. MecGowan,
A. H. Babcock, A. A. Hebert of A. R. R. L.
Headquarters, and others. A traffic meet-
ing developed the usual amount of heated
argument. The banquet that took place the
second night was attended by some 250
diners. It was the noisiest success that
ever came off on the West Coast.

The convention was served throughout
by a thousand-watt transmitter kindly
loaned and intalled by Ralph Heintz, of San
Francisco. This set attracted more atten-
tion than any other one feature of the Con-
vention. It was of the tuned grid and plate
variety and the most beautiful job ever
exhibited to hamdom. At three o'clock the
second morning, voice was put into the
Philippines and elicited a report of R-7.

Every holder of a Convention ticket had
a chance at the 2-Kw. water-cooled tube
made (made, we said) and donated by
6RW and 6EX. This was won by one of
the San Jose crowd.

Among the hams who came from without
the district were 7IT and TWU, well-known
in this and many other <¢limes. Wayne
Easley, 5AQW, and his brother drove all
the way from Oklahoma. These two boys,
quiet-spoken but real workers, were a tower
of strength. The way they applied their
wordless energy in helping Ralph Heintz
{6XBB), ¢RW and 6EX to get the big
transmitter with its remote control hooked
up, was worth going a long way to observe.
The tall figure of Don Wallace, ¢x9ZT, now
?AMLWas always the center of an admiring
hunch.

A great deal of praise is due the mem-
bers of the Santa Clara County Radio As-
sociation and its president, Frank Quement,
who worked nearly a year in preparation
for this fine affair. The results certainly
justified their efforts, and every ham went
away with the feeling that here was a con-
vention that was a convention.

At the banquet the question of the loca-
tion of next year’s convention was dis-
cussed, and the concensus of opinion fa-

vored San Diego. L
~{lnir Foster, sHM
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The Relative Importance of Losses In Radio
Receiving Systems
By William W. Harper*

feasibility of loss reduction in receiv-
ing equipment. His suggestions were
sound and well taken. Sensationalism in
merchandising and advertising saw an ex-
cellent opportunity to capitalize his view
point and it was not long before every radio
component unexpectedly became “low loss’.
The public reaction which naturally fol-
lowed brought forth an interpretation of
the subject deviating slightly from the
original conception. The popular reason-
ing assumed that if “low loss” design was
BETTER, then “no loss” design must be
BEST. The gradual infiltration of this
process of thought made the “low loss” idea
a dominating factor in the radio industry.
After all, what can be more powerful and
far-reaching than the way men think?

Mr. Hassel neglected to say anything in
his article in favor of the presence of losses
in receiving systems. At the time he wrote,
the work which had been done had not
definitely disclosed the exact significance of
losses. Since that time a more profound
understanding has been reached and it is
realized that losses may be too small as
well as too large. The question then arises

ARL HASSEL' wrote an article’ a
I‘< number of years ago pointing out the

as to what will constitute an optimum con- -

dition.

This article has been prepared to fulfill
the request of Mr. Kruse for a treatment
of the subject of inductance standardiza-
tion. It is contended by many that a
standard of coil efficiency is needed. An
accepted numerical system for rating the
merit of coils may have much in its favor for
research purposes, but from a practical
and commercial standpoint it may easily
lead to even greater chaos. As already
suggested, if losses have a lower limiting
value, and an optimum must be reached,
any numerical merit system with a loss
‘magnitude basis would be almost futile.
"The percentage of loss in an inductance or
other component is of value from a purely
seientific viewpoint, but carrying the idea
to the popular field is seemingly fallacious.
inasmuch as the laity will always expect
the most efficient component to give the
greatest results with total disregard of the
necessity of coordination to the remainder
of the system.

_m‘("onsulting' ilifﬁéfneér, 161 East Erie St. Chicago,

"71. Chicago Radic Laboratory & Zenith Radio
Corporation, Chicago.
2. QST for December 1928.

It is the particular aim of this manuseript
to call attention to certain discrepancies
and misconceptions relative to efficiency
factors associated with receiving appa-
ratus. It may be that, in so doing, some-
thing good can be said for losses and at least
it may be helpful to show that ohmLESS
components are not always required to as-
semble a really worthwhile radio receiver.

In general, the ideas expressed herein are
applicable to both short wave and broad-
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cast systems. The instances cited, how-
ever, will have particular relationship to
broadcast receivers.

First, let us confess a common error which
we have all made for some time. When
attention is directed to a radio inductance
so many of us invariably think of it as a
COIL of wire in free space—a dissociated
member. (Fig. 1) A radio COIL is never
operated in that manner. It must have as-
sociations. Rarely is. it found in practice
to be operating in any other capacity than
as a transformer. Then why do we per-
sist in calling it a coil and go into a spell
of mania upon finding it has some dis-
tributed capacity and a few ohms of resist-
ance? Close adherence to the phraseology
set forth by the Committee on Standardiza-
tion of the Institute of Radio Engineers will
do much to save us from further confusion.

Rather than speak of COILS let us desig-
nate them as TRANSFORMERS in accord
with electrical parlance. We may indicate
also whether they are resonant or non-
resonant and the intended frequency band.

. Then we may look upon the resistance and
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power factor of the windings as being more
of a sign of the adaptability of the device
to various systems and feel much less dis-
comfort over the waste of a few microwatts
of energy which may be required in order to
attain a certain perfection of results. The
physical conception incident to this view-
point is shown graphically in Figure 1.

Proceeding, we arrive at the typical case
of an innocent B.C.L. who has just purchased
a new set of resonant high frequency trans-
formers (COILS) for his home constructed
receiver. Let ug assume that they are
actually much more efficient than the trans-
formers he has previously used. A substitu-
tion is made. He is positive of increased
signal strength and greatly superior re-
sults. (The “coils” are labeled “100%
I.OSS-LESS”. 'Why shouldn’t he have
good anticipations?) Any of a number of
things may happen, all of which are likely
to make his receiver operate much worse
than it did before. The primaries of the
new transformers may be too large or too
small. The great reduction in losses may
give rise to increased stage coupling and un-
controllable oscillation. Briefly, it is expect-
ing too much to predict how well a receiving
svstem will function with a certain “coil”
included in the system from a mere knowl-
edge of the efficiency of the coil with respect
to its energy losses. These ideas are ex-
pressed graphically in Figure 3.

il
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Consideration of the problem from a more
technical angle may make clear why this
statement is true. In Figure 1 is shown the
unforbidden COIL L. This “coil” has two
power factors. The writer, as a matter of
personal convention, prefers to name them
the “Natural” and “Operational” power
factors. The natural power factor is de-
termined on the measuring bench inde-
pendent of any associated apparatus, ex-
cepting of course, the resonating condenser,
C. The natural power factor is egual to
R/wL and the lower the mean ordinate of
this factor plotted against the particular
frequency spectrum the lower is the energy
Joss in the c¢oil. (It is generally accepted
that the loss is practically localized in the
inductance and excepting in rare cases is
there any appreciable loss in the condenser.)
The natural power factor or its equivalent
is useful in investigational work relating
to the losses in various types of inductances.

The operational power factor is that which

QST
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the coil assumesg when associated (Fig. 2)
with its primary L, and the tubes V, and V..
The primary, along with the output imped-
ance of the tube V. acts in such manner as
to couple resistance into the coil I, In this
way the natural power factor R/wL in-
creases to its operating value. It has heen
shown® that R/wL is approximately doulded
when the primary 1., is adjusted for
optimum voltage gain. Such an increase
of the power factor to this operating value
{due to the coupling to the preceding out-
put circuit of Vi) is necessary and desirable
up to this point of optimum voltnge gain.,
Further increase in operational power
factor results in reduced voltage gain E/e
and in reduction of selectivity.

The input impedance of the tube V. may
also appreciably affect the operational
power factor of L. The input impedance
of V. depends, of course, upon the putput
load Z. Its effect and value, therefore, can-
not be foretold without exact knowledge of
this load. It is obvious that the use of the
natural power factor or its equivalent as an
index of ultimate operating results can
hardly be expected to preclude the preat
variety of conditions met with in practical
application.

The operational power factor may he
determined experimentally by aking
measurements of the operating wvalues of
resistance and inductance. In engineering
practice it is more usual to make a direct
measurement of the voltage gain and band-
pass (selectivity) since they are the factors
which must receive ultimate consideration.
This procedure, of course can be carried into
effect only in the engineering laboratory,
and the amateur experimenter rarely has
facilities enabling him to select some manu-
factured transformer to harmonize with his
system.

* An Tlustration

As an illustration, assume that we de-
pend upon the natural power factor to tell
us what results may be expected. Selecting
two “coils” (Fig. 3) at random we find one
with an average natural power factor of
4% and the other with .69%. We conclude
that the .49 coil will give superior results
when used in a receiving system. The
primaries associated with the two coils are
bhowever widely divergent in character, so
the condition may occur that the operational
power factor of the .4% coil will be entirely
unfavorable for satisfactory results. With
L. very small the voltage gain E/e in the
net-work will be low and if L. is too large
the band pass may be incorrect.

Furthermore, the .19 ¢oil may be includ-
ed in a system in which the load at Z will
have incorrect proportions. On the other
hand, the .6% coil vperating in a system

3. Friis & Jensen. Bell Tech Journal, April, 1924,
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where the input impedance of V, is correctly
fixed by the load Z will give entirely satis-
factory conditions for reception. Other
factors, such as oscillation control in non-
compensated systems, the various effects of
shielding, ete., will have further bearing on
the situation. All of these things are shown
graphically in Fig. 3.

Multi-Stage Effects

A multi-tube resonant amplifier system
used for radiophone reception and hav-
ing a high degree of “stage selectivity” is
apt to produce extreme side band distortion
if the circuit power factors are not main-
tained consistent with good reproduction.
In one instance, a well-known manufacturer
deliberately added losses to the successive
circuits in order to overcome this difficulty.

In this connection we are forced to
realize that in broadcast reception the opera-
tional power factor for proper receiving
conditions must be a function of the number
of stages in a multi-stage amplifier. As
the number of stages increases the opera-
tional power factor of each stage must also
increase in order to give proper fidelity of
reproduction. A system comprising a num-
ber of stages may function properly with
losses in the various resonant circuits
greatly in excess to that permissable in a
system employing a lesser number of stages.
Transformers having secondaries with
comparatively high natural power factors
may, therefore, be used with satisfaction
in a multi-tube amplifier, while in a single
amplifier system they would be entirely un-
suitable.

The practice of permitting the increase
in operational power factor due to the
coupling to the preceding plate circuit to
give suitable band pass in a multi-stage sys-
tem is convenient and practical as long as
the stability of the amplifier is not reduced.
In many cases, where shielding is ineffective,
this practice cannot be followed and the
use of a high natural power factor must be
resorted to. In other words, it is of great-
est importance to make sure that the tubes
selected will have electrical characteristics
suitable for the circuit in which they are
expected to operate. As an example, a cir-
cuit intended for tubes having a low ampli-
fication factor will not function properly
when high amplification factor tubes are
used, even though the latter tubes may have
a much higher figure of merit.

C. W. Work

In cases where a very restricted band pass
is desirable, as for instance in telegraphic
communication, a greater number of stages
with slightly less gain per stage would be
feasible. It is very unlikely under these
conditions that the losses in the individual
stages would be too low to give satisfactory

tone reproduction.
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Standardization

The adoption of 2 numerical merit system
for components, which will enable the direct
prediction as to ultimate results, seeming-
ly must await other standardizations which
are necessarily precedent.

Standardization of transformers for com-
pensated systems will depend generally on
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accepted specifications for vacuum tubes,
pertaining in particular to well defined limits

for input and output impedances. Further
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information will be essential, as well, on the
ratio of pick-up factor to over-all receiver
gain, That is, do we want an abundance
of energy pick-up {(large antenna) wom-
bined with low receiver gain or do we want
low pick-up with high gain?  Matters of
this kind have direct bearing upon trans-
former specifications.

Transformation standardization for un-
compensated systems will be even more
involved due to the stage coupling. The
optimum transformer specifications for a
loss-stabilized system have never been even
partially established fo the writer's
knowledge.

Mr. 8. Butterworth, in the British pub-
lication, Experimental Wireless and The
Wireless Engineer, looks upon the situa-
tion from a more pleasant angle. He pro-
poses a numerical merit system for in-
ductance coils involving a term which he
calls the “Intensity Factor.” This factor,
according to his view of the subject, «will
enable an opinion to he made in advance
as to the relative sound intensities to be en-
countered. It is not clear, just how the
obstacles to such a plan, as already out-
lined, can be surmounted.

Dr. A. Hoyt Taylor, in commenting on
losses in short wave receivers not long ago,
made a statement to the effect that while
average precautions were taken to mini-
mize losses in equipment designed at the
Naval Laboratory, they were mainly con-
cerned about whether or not the systm os-
cillated over the desired band, and if it
did, no further remorse was felt for those
ohms which might have been unnecessarily
present.

The writer regards the situation from a
very apathetic viewpoint. Rather than be
swept away by the human desire to have
the best and most efficient of every-
thing, it seems more logical to accept
that which is economically and commercially
most suitable to meet the requirements at
hand. The use of the natural power factor
or a figure of merit such as oL/R, as a
basic reference index 1is sufficient for
engineering practice. The real need seems
to be in deciding upon a standard method
of labeling a product with respect to its
electrical characteristics and it is not es-
sential that this indication carry with it
any knowledge of the guality of results
to expect.

This same reasoning can be dircctly ap-
plied to all components as well ag trans-
formers. As an example, the Figure of

Merit of a vacum tube is B / Vv TIT This

is an index of the inherent capabilities of
the tube. The novice infers that the greater
the figure of merit of the tubes he uses the
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better his results will be, but he must real-
ize that the tubes he uses must not have
capabilities greater than his receiver can
tolerate.

The laity, not being thoroughly familiar
with the various technicalities, cannot ex-
pect too much of a young industry. If they
will bear in mind that good reception is
the real thing sought for and abandon the
attempt to locate some OHM-LESS wonder,
time will no doubt smooth out the complica-
tions which now exist.

It may be that to meet certain require-
meunts of good results transformers having
high secondary power factors are necessary.
Obviously they should therefore be used in
spite of the fact that other transformers
h?rmg much lower energy losses are avail-
ahle.

RKenneth Cantin

With the deepest regret, it is our duty
to announce the death of Kenneth

Cantin of hu6TQ, Section Communica-

tion Manager of Hawaiian Section.

Giving unstintingly of his time and

cnergy to A. R. R. L. work in Ha- |
| waii, he soon became the life and mov-

ing spirit of the Hawaiian Section. He
had a sweetness of disposition and a
charm of manner that permeated all
dealings with him to the extent that
those who knew him only through
radio or through correspondence ex-
press the thought that a dear friend
has been lost. The Hawaiian Section
and all others in amateur radio will
miss him,

@ Stray s

The Burgess Battery Company has pre-
pared a 48-page log for radio amateurs. The
log includes the Burgess Radio Distance
Table, International Intermediates and the
“R” signal abbreviations. Amateurs can
obtain these logs by writing to QRM De-
partment, Burgess Battery Company,
Madison, Wisconsin. Logs can be obtained
by addressing radiograms to Y9EK-9XH only
if the complete name and address of the
sender are included. Better get yours
right now before the supply is no more,
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Another Article on Getting into the Sending

Game
By W. R. Kiefer*

AM writing this with the belief that if .

the beginner were shown just how to

build some of the apparatus that costs

real money, there would be more new-
comers. Of course, it has been done before,
and in QST at that, but there are always
new beginners so I am going to try to show
vou how simple it is to build some of your
own parts.

This story isn’t about the theory, nor
about circuits. You are supposed to have
dug that out and to be all ready to build
the set.! A look at the diagram will show
that we intend to use the Hartley circuit.
Let’s go!
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FIG. it. THE HARTLEY CIRCUIT PRIMARY,
COUPLED INDUCTIVELY—WHICH MEANS MAG-

NETICALLY, TO THE ANTENNA CIRCUIT

If one wants to use two additional clips on the
primary coil L2 the cutput of the set can be im-
proved a bit though that adjusiment becomes more
complicated. C1 and C2 are good receiving variable
condensers of 250 picofarads (.00025 microfards)
capacity.

€3, ¢4, €5, C6. Fixed receiving coondensers. of
about 2000 picofarads (.002 microfarads) capacity or
else glass condensers made as shown in Fig. 3.

R1. Rheostat to suit the tube used. If you have
an E210 Bradleystat put that in the filament trans-
former primary (110-volt side) and omit RI.

R2. 5000-ohm gridleak or the “water-leak” described.

L1 and L2, Described in the text.

L3. Depends somewhat on the wave. 200 turns
of about No. 28 d.c.c. wire on a 212" or 3” tube will
do for 40-and 80-meter work.

The inductances are made of 14"

ribbon. Both inductances have 12 turns
spaced %" apart and 5” in diameter. The
copper ribbon is flat wound on the forms,

+RAJR., Box 12, Lattimer Mines, Pa.

1. 1f vou haven’t read ahout these things look
them up in the A.R.R.L. Handbook, Ballantine or
in the following QST articles, ‘‘Hreaking into Ama-
teur Transmission’, p. 8, Avpril. 1926, QST: part 2,
p. 17, May QST ; “Adjusting the Transmitter”, p. 23,
June, 1925, QST. The necessary QST copies can be
ordered from the the Circulation Dept., as usual. —
Tech. Ed.

copper

which are mounted on two glass towel rods.
The spacing between these two coils will
be 2 inches or more when used with a 7.5-
watt tube.

The Primary

The closed cireuit tuning condenser €2
has 11 rotary plates and 12 stationary
plates, double spaced. A wire leading from

TEafort,

FIG. 2. HOME-MADE CONDENSER

the stator plates of this condenser goes to
the same tap on L2 as the grid, while the
lead from the condenser rotor goes to the
same tap as the plate. This circuit will
cover the 80-meter band.

The grid, plate and by-pass condenser
can be ordinary receiving condensers of
.002-microfarad capacity, but if vou want
some that won’t break down under a good
heavy voltage, make them the following
way. Cut 12 pieces of glass for each con-
cienger, 2" wide by 5” long, and 12 pieces
of tinfoil 1” by 61%~. Cut a piece of bake-
lite 2” by 6%"” to be used for the base of
the condenser. A 3-16” hole is drilled %"
from each end of the bakelite and a binding
post inserted to fasten the foils of each side
together. The condenser is made by using
first a glass, then a foil, then a glass, ete.,
until you have six tinfoils projecting on
each side with each one separated from the
next by a glass. See Fig. 8. The condenser
is held together by winding tape tightly
around it.

The grid leak can be the usual wire-
wound affair a resistance of 5000 ohms,
tapped at 2500 ohms. If you can’t afford
to buy a leak, just take a small wine glass,
fill' it with water, put the two grid leads
about half way in the glass and you have a
perfect leak. This type has been used at
this station four months with the best of
results.

The Antenna

The antenna has a total length of 75 feet.
The counterpoise is 66 feet long. Both are
single wires. This combination is for use

on the 80-meter band. For 40 meters the
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antenna and counterpoise have a total
length of 25- feet each. The antenna is 40
feet high and the counterpoise 12 teet from
the ground in both cases.

The plate supply isn’t described for the
wood reason that it isn’t possible to guess
what sort of plate supply you like. The
filament transformer and plate transformer
(if vou use oune) should be purchased. It
doesn’t pay to build them.

Figure 3 shows how just to place your

RATE

L.,

CPSE.

HOW_TQ PLACE CLIPS ON COILS

LOCATION OF CLIPS FOR A TRIAL IN
THE 80-METER BAND

¢lips for the first trial at 80 meters. The
only thing to be done to go down to 40 me-
ters is to move the C2 ¢ondenser leads to-
wards the filament tap four turns, leaving
the grid and plate taps the same as for 80
meters. Using a wavemeter the condenser
C2 is set at whatever part of the 40- or 80«
meter band suits you, but stay in the band.

As to the results to be expected from this
transmitter, all I need to say is that anyone
who builds it will be more than repaid for
his iabor.

FIG. 3.

2. A “flock” of B batteries is good. A rectifier
(electrolytic or kenotron) may be made up and a filter
used if desired. ‘The UX-216-B rectifier tube is use-
ful or the UX-213 may bhe used for voltages below
300, ‘The good old (TV-216 tube can be bought for
less than £2.00 snd will handle more power than
necessary.—Tech., Ed.

A Beautiful Portable Set

N her recent trip to Burope, Miss Eliz-
abeth M. Zandonini of 3CDQ and of
the Radio Section, Bureau of Stand-

ards, carried a portable short-wave receiver
that deserves descrintion, partly because it
is such a nice job and partly because it is
actually portable.

The photos show the set removed from
the case, which was verv little larger than
the set but provided space for the head-
get. The tuhes stav right in the sockets.
being protected by the spring contruction of
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the latter. The set has 5 coils with various
numbers of turns. The proper coil for the
desired tuning range is plugged into the

secondary circuit by putting it into the
center pair of sockets. Two of the remain-
ing coils are used as antenna «¢oil and
tickler respectively. The circuit is the fa-
miliar detector-one-step arrangement with
the tuning and regeneration both condenser-
controlled.

. Of the construetion, little needs to he said
in the presence of the good photos. The
unusual features are a rigid metal chassis,
an accessible grid leak and the self-con-
tained plate ani filament batteries, the
].atter being provided by the “C” battery
just below the coils. The parts are mostly
standard and can be recognized easilv.
The set is the work of E. B. Duvall, former
Atlantic Division Manager and owner of

3DW at Washington, D. ¢,
—R. S. K.



December, 1926

Q

S

T 27

Devising a Shielded Receiver Kit

By McMurdo Silver* and Kendall Clough *

The General Layout

UCH has been presented in the
columns of QST and other technical
periodicals regarding the shielding

of coils and receivers, so that it can

hardly be hoped that anything radically new
might be presented on this subject in a
theoretical light, It is hoped, however, that
the following treatment of the method used
in putting a shielded receiver kit through
the experimental stages will be of interest.
For several reasons it was deemed best to
employ two tuning controls rather than a

I
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i. THE “COUPLING TUBE” METHOD OF
SECURING SINGLE-CONTROL TUNING

FIG.

single adjustment, since single control sys-
tems require that certain features be pro-
vided for the compensation of different an-
tenna capacities, thereby complicating the
constructor’s efforts and at the same.time
not being readily adaptable to symmetrical
panel design. One of the simplest methods
of preventing variations in antenna char-
acteristics from reacting upon the tuning of
the input circuit of a receiver is to add a
“coupling tube” between antenna and the
first r.f. transformers. This input tube has
its grid circuit connected across a non-reso-
nant choke coil as shown in Fig. 1, or more
=imply, across a resistance. Thus the first
transformer has substantially the same
primary load as have all other transformers
and as the secondary loads may be assumed
to be similar, all stages might be tuned by a
single control dial.

In the design under consideration, it was
decided not to use an extra tube for the
doubtful advantage of one tuning control,
but rather to employ two manual adjust-
ments, one controlling the first tuned circuit
fed by the antenna and ground system, while

* McMurdo Silver, President, Silver-Marshall, Inc..
546 West Jackson Blvd., Chicago. N

¥ Kendall Clough, Director, Research Laboratories
of Chicago, 846 West Jackson Blvd., Chicago.

the remaining adjustment would control the
remainder of the radio frequency amplifier
stages, as well as the detector input circuit.
Inasmuchas three tuned r.f. stages were
deemed necessary to meet the present-day
requirements, it is recognized that four tun-
ing condensers are necessary, three of which
are mechanically grouped and operated by
one dial. From this point on, the tuning prob-
lem is simply one of producing sufficiently
uniform condensers and coils, and connect-
ing the condensers mechanically in such a
way that no undesirable variations will be
experienced.

The Gang Condenser

In a three-stage receiver the individual
stages may be made sufficiently broad by
proper transformer design so that slight
discrepancies in the condenser capacities
are not noticeable; this can be done without
impairing the over-all selectivity of the re-
ceiver materially. Previous experience in-
dicate_d that it would be perfectly possible
to build a condenser of 350 picofarads' ca-
pacity commercially with sufficiently small
variations to be practical in a receiver of
this type. Electrically the condenser con-
struction involves no other problem except
the determination of plate shape. The one
chosen is a compromise between straight
frequency line and straight capacity line
variation. The resultant frequency-dial

THE UNWIRED LAYOUT WITH THE SHIELDS
REMOVED

Note that the bypass cond
stage shields.

s are inside the

setting curve (shown in Fig. 2) provides
quite uniform spacing of all broadcast
channels up to 350 meters, and from there
on a desirable flattening out, resulting in an
easier separation of the more powerful sta-
tions. Mechanically, it was found necessary

1.
Techn

The picofarad is equal to a micro-microfarad,—

ical Kditor,
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to provide, in the first place, a rigid metal
frame structure. In order to meet this con-
dition the end plates are made of punched
steel which are held together by 3/8”
shoulder studs. Die-flattened plates soldered
in accurate jigs by means of small lips pro-
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FIG. 2. THE COMPROMISE TUNING CURVE
CHOSEN

vide accuracy and rigidity of the assembled
rotor and stator. The proper plate spacing
was determined by experimental production
runs using various plate spacings. With
the spacings decided on, condensers can be
produced with a umformltv of plus or minus

two percent over the entire scale. As ca-
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FIG. 3. ELECTRICAL CHARACTERISTICS OF
TRANSFORMER SECONDARY CONSIDERED SEP-
ARATELY

pacity enters into the determmatxon of fre-
quency under square root sign, it follows
that actual circuit frequency variations® of
one percent plus or minus at the outside
will be experienced.

2, 'That ia the tuned circuit itself—Iless the tubes
in which there may he a small variation, especially
if different makes are used.—Technical Editor,
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As a means of mechanical linkage between
the three condensers, a link motion was
chosen for simplicity of manufacture and
assembly. Very fortunately it was found
entirely feasible to line the condensers up
by eye in such a way that a small light space
may be seen between the rotor plate assem-
blies and the points of the stator platey at
the zero position of the condensers. The
link motion could then be applied and locked
fast. Many experimental sets of condensers
have been linked in this manner and have
proven to be matched with more than the re-
quired degree of uniformity when checked
electrically.

The R. F. Transformer

The value of the condenser capacity being
chosen, it was then necessary to design an
r.f. transformer for operatlon therewith.
The fact was continually held in mind that
this transformer was to be placed in a shield
and hence the final design departs some-
what from the form that it would have taken
had it been intended for operation in free
(electrical) space. Principally, the classical
shape ratio,

diam.

—_— = 2.5

length
was departed from in order to produce a
more compact field. The shape selected is

REAR VIEW OF WIRED SET WITH SHIELDS IN
PLACE

an hexagonal coil 214 ” long and of 2” ex-
t.ernal diameter wound with 90 turns of No.

26 enameled wire on a ribbed bakelite form.
Spdce is left between turns, the slotting of
the coil ribs being 40 to the inch. The low-
frequency inductance of the coil is 224 mi-
cro-henries. Due to the molded construc-
tion.of the coil form it has been found per-
fectly possible to hold this value as well
as the apparent high- frequency inductance
to a posmble variation of % of 1 percent.

Fig. 3, curve A, shows the electrical char-
acteristies of the completed conl Fig, 4 is
the final arrangement of parts in the shieid,
and the curve B of Fig. 3 indicates the in-
crease in high-frequency resistance caused
by the shield. This increase is greater at
the higher frequencies, which is a desirable
condition in view of the fact that it aids
in the control of oscillations.

With the above data zvailable it he-
came possible to compute the r.f, amplifica-
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tion available in a single stage from low-
frequency measurements. In the early
laboratory models, sample transformers
were made up with primaries wound close
to the bottom of the coil in order to mini-
mize interwinding (inter-stage) capacity.
A 35-turn primary wound in this manner
produced an amplification curve as shown
by the dashed curve in Fig. 5. 1t was soon
realized, however, that another method of
construction was desirable, namely to dis-
tribute the primary turns over a greater por-
tion of the length of the secondary, winding
them on a small former which can be slipped
inside the secondary.

With the secondary and primary form
decided upon, a family of coils was now
operated on, varying the number of primary
turns and always spacing the primary wind-
ing in such a way that it would cover the
entire length of the tubing thus keeping the
coupling co-efficient at a high and sub-
stantially constant value. A group of
curves covering various primaries is shown

FIG 4

in Fig. 5. It will be seen that as the num-
ber of turns is increased beyond 85, the am-
plification begins to suffer, due to two
effects: first, that the equlvalent impedance
of the tuned coupler is departing from the
value of the tube impedance very rapidly,
and second, the resistance of the secondary
circuit is being greatly increased by the
presence of the primary circuit, thereby de-
creasing the current flowing in the second-
ary under the stimulus of the e.m.f. induced
by the primary. It also so happens that
the 35-turn winding represents the maxi-
mum coupling possible without producing
unnecessarily broad stages, also due to
presence of the primary circuit increasing
the apparent secondary resistance.

Stabilization

Naturally, in embodying transformers
with a hlgh co-efficient of coupling in the

QST
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receiver design, a considerable amount of
difficulty was experienced with self-oscilla-
tion, This was overcome in three ways;
first, by the shielding; second, by the use of
a grid rsistance in every stage except the
detector, as shown in Fig. 6, and last, by
means of a small winding at the base of the
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FIG. 5. CALCULATED AMPLIFICATION FOR
VARIOUS PRIMARIES USED WITH THE SAME
SECONDARY

In the formula,
R1 ias the plate resistance (10,000 ohms.)
R2 is the secondary resistance, taken from Fig. 3.
1.1 is the primary inductance, measured at 1.f.
L2 is the secondary inductance measured at Lf.
K is the coefficient of coupling. -

Curve A is for the 35 turn distributed primary
with which, L1 is 27 microhenry, L2 224 microhenry
and M 52, 5 microhenry.

Curve B is for the 50 turn distributed primary with
which L1 is 55.2 microhenry, L2 is 224 microhenry
and M is 75 microhenry.

Curve C is for the 65 turn distributed primary with
which L1 is 93.2 microhenry, L2 224 microhenries
and M 97.5.

The dashed curve is for the Iumped 35 turn primary
first discussed. For the smooth curves the primary
is wound on a 13%” tube slipped inside the secondary
form. The reversed tickler mentioned later consists
of 5 turns of small wire wound on the secondary
form just below the filament end of the secondary.

secondary coil connected in series with the
succeeding primary and wound in such a
direction as to oppose oscillation. The sta-
hilization of the first stage is a separate
problem, the above applying only to the
following stages and the detector.

In practice, the tendency of the receiver
without a stabilizing arrangement would be
to oscillate as the wavelength is decreased.
Without considering the reasons, the
obvious method of overcoming this unde-
sirable feature is to provide a compensating
means which will affect the circuits in an
exactly opposite and proportional manner.
The series grid resistance of two-hundred
ohms each (“R”, Fig. 6) are somewhat in-
ductive, and their impedance increases with
increasing frequency, providing a portion
of the action required. (They are outside
the oscillating circuits, so do not effect the
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circuit sharpness.) The small reversed
tickler windings function as do the trans-
formers themselves—itheir coupling becomes .
more effective with increasing frequency.
Thus the effect of these two stabilizing
means is additive in a sense opposite to that

THE LINK MOTION CONTROL ON THE
CONDENSERS

of the oscillation tendency in a given stage.
The individual® stage shields prevent serious
reaction between stages. The final net re-
sult is an amplifier which is almast uniform-
ly sensitive over the entire frequency range
covered.
The Antenna Stage

Due to the “loading eifect” of wvarious
antennas it was found entirely desirable to
be able to control the inherent oscillation
iendencies of the first stage manually. This
is accomplished in a rather unusual manner
by means of a potentiometer (as shown in
Fig. 6), which serves simultaneously to con-

pShields ~,

QST
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ly. This method of control has been found
considerably more effective than a simple
resistance in the plate circuit, due to the
fact that under all adjustments of this con-
trol the primary of the first radio fre-
quency transformer has a load across its
terminals, thus maintaining the other am-
plifier stages in a stable condition.

In order to iccommodate the antenna
coupler to various sizes of ‘antennas and
also in order to alter the selective character-
istics of the receiver at will, two primary
taps are provided on the antenna coupler
primary, e¢ither of which may be chosen at
will by a switch on the panel.

The Detector

The radio frequency amplifier proper
terminates in the detector where rectifica-
tion is accomplishd by means of a “C”
battery. Where the sensitivity is ample,
this form of rectification is eminently more
desirable than grid-condenser-leak rectifica-
tion; first, because of the better tone quality
of which it is capable on large volumes,
and secondly, because of its mnegligible
damping effect on the last secondary ecir-
cuit. The output of the detector terminates
in the usual by-pass condenser and an r.f.
choke ¢oil, the latter having been found
necessary in order to completely isolate the
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THE COMPLETE CIRCUIT DIAGRAM

The bypass condensers marked , are all of 1 microfarad capacity while C2, the
bypass for the first audio transformer, (connected to detector plate) has a capacity of

2000 picofarads.

trol oscillation and as an effective volume
control. It will be seen that as the potenti-
ometer advances, resistance is introduced in-
to the plate circuit to effect a reduction in
plate voltage on the first tube and that
at the same time the portion of the po-
tentiometer in shunt to the primary and
tickler windings becomes smaller, thereby
suppressing oscillation and ultimately de-
creasing the volume to almost nothing. In
an opposite direction the reverse effects are
observed, the stage being allowed to ap-

3.
together, are in general more effective than a com-
mion shield divided into “‘rooms’ by a partition wall.—
Technical Editor,

audio amplifier from any radio frequency
advance in the preceeding stages.

While the input capacity of the detector
tube is lower than that of the r.f. amplifier
tubes due to the difference in the nature of
the plate circuit load, vet it varies by such
a slight amount (using plate circuit rectifi-
cation) that it is unnecessary to compensate
for the difference, though this might easily
be done by shunting the tube’s input with
a small condenser. :

"The Audio End
It is a well-known fact that the pick-up
and amplifying equipment as used in the av-

4. Fuzzy audio quality can frequentiy be corrected
by means of such & choke.—Technical Editor.
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erage broadcast station does not transmit all
frequencies with absolute fidelity. Briefly, it
may be said that distortion is introduced,
taking the form of a suppression of low fre-
quencies (except in a very few extra good
stations). It is further very well-known
that it is impossible at the present stage of
the art to build loud speakers which will give
a uniform response to all frequencies.

Both these conditions tend toward a
suppression of low frequencies and accent-
uation of high frequencies in broadecast
reproduction. Therefore, in the amplifier
under consideration, an exactly opposite
frequency characteristic was decided upon.
Thus the amplifier in guestion gives maxi-
mum amplification at 380 cycles with
gradually decreasing amplification toward
8000 cycles (the upper limit required for
thoroughly satisfactory broadcast trans-
mission).

A further condition, not normally con-
sidered, is that {due to the characteristic
of the human ear) the energy required to
produce a signal of the same apparent in-
tensity at 30 cycles is very much greater
than that required at, say 300 ecycles.
Therefore transformers were chosen which
are extremely heavy. The core contains ap-
proximately 212 pounds of silicon steel. The
choice of silicon steel as against some
special steel of greater permeability is
due to the flatter permeability curve of
silicon steel at varying inductions such as
would be encountered in transformer opera-
tion. The secondary distributed capacity
was given a value which was found to give
the desired frequency characteristic.

In order to keep the plate impedance of the
first audio tube as low as possible (to im-
prove low note reproduction) a one-volt grid
bias is used. It is obtained from the drop
across the filament resistance. The second
audio tube is supplied by a regular “C”
battery of the rating specified by the tube
manufacturers.

The Mechanical Structure

The mechanical®structure is a job for
a mechanical engineer and not within the
limits of this article. The assembly used
in this case consists of a formed and pierced
steel chassis {lacquered to prevent rust)
carrying all parts. At the front of this
chassis are fastened the four aluminum stage
shields® cach housing an r.f. stage. The
audio amplifier is mounted on the chassis
behind the r.f. shields, as is evident from the
photo. At the left is a terminal strip carry-
ing terminals for all batteries, antenna,
ground and tip jacks for a loud-speaker.
Both audio stages are always in use to pre-
vent over-loading of the detector tube, the
volume being controlled at the input as ex-
plained before. A brass front panel serves
to conceal the “works” and carry all con-
trols, consisting of the two tuning dials, the

¢/
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on-off switch, volume control, and short-
long antenna switch. No filament rheo-
stat is provided, for it was definitely de-
termined that during the normal useful life
of a charged storage battery the fixed ballast
resistance provided satisfactory control.

BOOK REVIEWS

By R. S. Kruse, Technical Editor

Radio Frequency Measurement, E. B.
Moullin, M. A.,, AM.LE.E., published by
Charles Griftin & (lo., Ltd., at London and
by J. B. Lippincott Co. at Philadelphia. 278
pages, 134 line drawings, price $10.

From the designer of the Moullin r.f. voltmeter
one expects something really worthwhile in the way
of a discussion of r.f. measurements. This expecta-
tion is fulfilled in Rudio [Krequency Measurementa.
The book is excellent and every man interested in
the experimental side of radio or in the practice of
design work will appreciate it as an excellent refer-
ence work. The book has what the famous Circular
74 of the Bureau of Standards lacks—the ‘‘reduction
to practice” of the theories on which laboratory work
depends. The reader is not left in mid-air, perched
on a theury and afraid to move, for Mr. Moullin has
built for him a bridge of practical examples leading
to the work in hand.

In many ways this book seems worthy of much
more space than this review can yxive it. We can at
least indicate the contents by chapter headings, as
follows :

. ‘The Valve Generator

1L Measurement of Potential Difference and Current
III. Measurement of Frequency

IV. Measurement of Resistance

. Meagsurement of Capacity
VI. Measurement of Inductance
VII. Measurement of Antenna Characteristics
WIIT. Measurement of the Intensity of Radiated Fields
IX. Miscellaneous Measurements and Notes

Suffice it to say that the contenis of the chapters
fit the headings.

Establishment of Radio Standards of
Frequency by the Use of a Harmonic Ampli-
fier, Scientific Paper No. 530 of the Bureau
of Standards. By C. B. Joliffe and Grace
Hazen. To be obtained from the Super-
intendent of Documents, Government Print-
ing Office, Washington, D. (., at 10c.

This pamphlet describes the very interesting method
which constitutes the latest addition to the family
of methods used at the Bureau in esablishing fre-
quency standards. Brietly, the scheme is io pass the
output of an elcetrically-operated tuning fork throuch
a series of stages of amplification, each stage picking
off a harmonic of the frequency used in the previous
stage, thereby wmradually increasing the frequency as
desired. Comparison is then made between the out-
put frequency and any other device to he calibrated

by measuring the difference freyuencies with =
sonometer.
Safety Rules jor Radio Imstallation.

Handbook No. 9 of the Bureau of Standards,
Department of Commerce to be secured from
Superintendent of Documents, (Government
Printing Office, Washington, D. C. Price
10c. 24 pages.

This is part 5 of the fourth edition of the National
Electrical safety code. Anyone having occasion to
install radio equipment for himself or others should
carry a copy of this book for reference, The rules
have been modified materially,
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As Others See Us

By F. Johnson Elser®

receiving radio amateur. Now this

BCL, could recall the days of single
cireuit tuners and of broadeasting stations
that played phonograph records. He had
started in with a crystal detector and a
75-ohm telephone receiver and had as-
sembled many sets, even an 8-tube tuned
r.f. set that worked. Having achieved this
height he found that reception bhegan to
pall and he began to search for other
heights to scale.

In his wanderings he chanced upon a
newsstand at which was a copy of QST
and being in an inquiring state of mind
he said to himself, “The price is only two
bhits and [ might run across something
worthwhile.”” Therefore he took the @ST,
but being honest he left a quarter of a
dollar with the keeper of the newsstand.

Before his regular evening session of
dial-twisting he opened the pages of QST
and went over them one at a time, missing
nothing. He became so interested that he
did not listen that night tho there was
scheduled the monthly initiation of the
“Wild Order of Bulls” at his favorite
broadeasting station. As he read it came
to him that he had been very foolish to be
hut a receiving amateur and to neglect
this sport of transmission for so many
vears. “Tomorrow,” so he said, “I will
huy the parts of a short-wave outfit and
likewise an Omnigraph, for now I believe
what I have heard, namely that it is more
blessed to transmit than to receive.”

As the days ‘went by he became more
expert in reading the code. First he was
able to copy calls and collected them from
all districts and from foreign lands; later
he began to copy fragments of sentences
and then one evening—as it has happened
to many of us—he suddenly found himsel€
able to copy sentences. He tuned in a
loud station that was sending slowly and
said “Now I will copy this man and learn
something of benefit to me.”

Thereupon he wrote industriously and
this is what was on the paper after he
finished:

“Yes OM that is a good one but have
vou heard this? A e¢at may have 2 lives
but a frog croaks every night. Hi, Hi! Sa
OM c¢an you tell me where to get some
readymade post holes? I have the two by

# §00 M.H. del Pilar, Manila, P. I.

NCE upon a time there dwelt in a
O large city a BCL, which is fo say a

fours and want to make an 80-foot mast
but it is too much work to make the hole
for it. Wait a bit I want to make a test
with you how does this sound now? Did
vou get that message o0.k.? I mean the
one I forgot to number - and more
rubbish of the same sort, all sent double
at 10 words per minute. The station finally
signed off like this 9XKX 9XKX 9XEKX
9XKX YXKX 9XKX 9XKX 9XKX 9XKX
OXKX 9XKX u 8"y X", This part of
the sending was done with the speed—but
not the beauty—of light.

BCL tuned in another station, and then

another but heard little besides the sort of
balderdash that 8”)X had sent. He gave
up and said —“It seems I am going at this
thing wrong. 1 shall look up an amateur
who knows how and ask him.”

He went to a station he heard of and
found the owner sitting before a pile of
junk that could hardly be seen for the web
of haywire surrounding it. The BCL
mentally compared this horror with the
beautiful receivers that had been built by
his BCL friends and shuddered—but
stayed.

. The HAM (for he was not a transmit-
ting amateur but 2 HAM) threw out his
chest and said, “So you wanta be a sender
do yuh? Well you sure came to the right
place buddy; this set of mine is the best
in the city. L only use 5 watts but I radiate
3 amperes. [ gotta put the tube in oil—
the plate gets so hot when I open up.”

_As they seated themselves hefore the
kxtqhen table the HAM threw many incon-
venient switches and began banging on
a key that had a spring so strong that
everything on the table jumped from the
recoil every time the HAM hit the knob.
He called furiously for 10 minutes and
then grinned—“There, that otta raise
them; I 2ot 2000" on the plate.” He
twisted dials without any result, suddenly
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projected his head.into the web of hay-
wire and grunted, “Darn B-battery lead
untwisted again.” Wiggling cautiously out
of the net he sat down again and sent the
same long CQ.

Immediately there was heard a strong
smooth signal that called them and with
good even sending said to them: “G E O
M U R5 QSS Bad Here QRMV?”

HAM answered, “G E O M RRRRRR
O K UR9 QSB DC QTA QSZ G A AR K”.

So the loud station came back at him
sending double and- carefully repeated
what it had said. HAM told him to go
ahead with the msg. But while it was
being sent HAM had local interference
and his feeble mind went astray and he
began to wander all over the scale looking
for DX. Now he uttered a glad cry, for
he heard an English station, and (giving
the other station not even a thought) he
gave the Englishman a long, long call.

While he was still calling BCL guietly
went away, for his heart was heavy and he
desired solitude. As he trudged home-
ward he said to himself, “Why did I ever
fall for this bunk about amateur transmis-
sion anyway? It is easy to see that they are
4 flock of dumbbells. I shall have no more
to do with them but shall go back and
listen to the initiation ceremonies of the
‘Order of Wild Bulls.””

BCL went about thereafter, telling his
friends of the matter and causing them to
abandon their intentions to try transmis-
sion.

Here our whole story would end in
gloom and sorrow except that there hap-
pened a lucky accident, which was that the
officers of the local Transmitter’s Club
heard of the experience of BCL and called
on him and after much argument per-
suaded him to attend the club and to see
some good stations and in the end won
him back entirely.

Now the moral of this story seems to
be that there are transmitting amateurs
and likewise there are HAMS—and these
are not the same,

Through a typographical error, prices in
the Yaxley advertisement on page 51, of
the September issue, were transposed. The
No. 444 Power Control is five dollars and
the No. 445 is six dollars.

We are giad to report that the latest
edition (that of June 30, 1926) of Admateur
Radio Stations of the United States is now
available from the Superintendent of Docu-
ments Government Printing Office, Wash-
ington, D. C. Tt is 25¢ per copy, payable by
certified bank check, postal money order or
cash, but noi postage stamps.
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The Bureau of Standards announces a
celebration of the twenty-fifth anniversary
of the Bureau., On Saturday, December
4th the Bureau will keep Open House and
a banquet will be given at which the many
friends of the Bureau will meet the staff
and reminiscences will be exchanged, the
achievements of the quarter century re-
viewed, and present and future work dis-
cussed. A group of distinguished guests
will attend. The event is of interest to
the world of science as well as to the in-
dustrial experts who have so closely co-
operated with the Bureau in making ap-
plication of its discoveries and developments
in perfecting the measured control of
processes. The opportunity to inspect the
experimental research facilities of the Bu-
reau will be welcomed by its many friends.

It is suggested by 8BMN that excellent
material for vertical pipe antennas can be
made from lengths of brass sanitary pipe
similar to the type used in milk condensing
plants. The pipe is much lighter than iron.
It comes in ten-foot lengths. 8BMN uses a
1%6-inch piece at the bottom and two 1-inch
pieces on top. The pipe is nicke!l plated.

Eugene Pike of New York City says that
if one needs a modulated oscillator for test-
ing purposes, or for use as a driver in
balancing neutrodynes, one can be assem-
bled cheaply and quickly by putting the low-
voltage side of a bell-ringing transformer,
toy train transformer or some similar con-
trivance, in series with the B battery of an
oscillating receiver. This scheme gives a
rather low note but it has the advantage
of extreme simplicity.
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A Break-In Relay

By M. 8. Brainard*

HE relay here described has been in
operation at S8LO for seven months

and is giving excellent service. As

will be seen from the drawings, the

relay has two sets of contacts, one for clos-
ing the starting current for a motor-gene-
rator and for lighting the filaments of the
transmitting tubes, and the other for mak

M6& Fre.

ing and breaking the keying contacts. The
relay itself is operated either by a straight
key or a bug connected in series with the
solenoid O and 6 voits of battery. The relay
will handle a starting current of about 30
amperes at 110 volts on the power end, and
150 m. a. at 700 volts on the key end, and
will not stick when properly adjusted. The
solenoid draws only 100 milliamperes at 6
volts, so the device can be operated eco-
nomically from standard No. 6 dry cells.

In Fig. 1 the hook-up for the relay circuit
appears. The relay solenoid is represented
at 0. The two pairs of contacts are D-D
and Z-Z. When the switch S.W. (or any
one of them) is closed, the current flows
through the resistance R and closes the D-D
contacts which start the motor-generator.
‘When the key is closed the resistance R is
short-circuited and the other pair of con-
tacts Z-Z are pulled up and the oscillatory
circuit of the transmitter is completed. The
resistances R can be 30-ohm Cutler-Ham-
mer fixed resistance units. Any number of
keys and resistances may be connected
parallel, as shown in the diagram, making
it possible to have one transmitter to serve
a large number of operators, the transmit-
ter being controlled from each man’s sta-
tion through a pair of relay wires, or a sin-
gle wire working through ground.

The base is shown in Fig. 2. The illus-
tration «f Fig. 2 (and all those following)
is drawn to half-scale. The dimensions can

# §1,0, 1318 Jefferson Avenue, Toledo, Ohfo,

be taken directly from the drawings. The
base is made of & small piece of bakelite or
hard rubber, drilled with holes for binding
posts, feet and solenoid core. The feet
are terminals from a dry battery, and are
held to the base by means of short lengths
of No. 8 machine screw which are threaded
into the base.

The solenoid core R is a half-inch iron bolt
threaded as shown in Fig. 8. A hexagonal
nut U, fitting the bolt threads, is filed down
s0 that it will fit beneath the base, On this
tore are mounted two rectangular pieces of
“s-inch Swedish iron for pole pieces. In this
particular model we used rectangular pieces.
If more than two circuits are to be con-
trolled the shape of the pole pieces will
have to be changed accordingly. These
pieces are S and T of Fig. 3.

From the same piece of Swedish iron the
armatures D and Z are to be made. They
are drilled according to the plan shown in
Fig. 5, Parts F, G and J are made from
guarter-inch bakelite drilled and tapped as
shown in Fig. 5. The light metal parts are
made from brass stock about the thickness

Lgeg P?sszl le!’y
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o e\ [™ 9
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ﬁr’??%zg{afdlleads d
FIG.2

of variable condenser plates, In faet, such
plates were used in the construction of this
model. Four pieces are cut for part B and
four for part C from this material. The B
parts are to be used as “back stops” for the
keying armature Z (which carries a pair of
Z-Z contacts mounted in the same manner
as the D-D contacts on the starting contact
armature D of Fig. 4).

The C parts are bolted firmly in place,
and act as supports for the pivots N on
which the armatures balance. When drill-
ing for ihe pivots, clamp two of the C parts
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and the armature which these will support,
in a vise and drill through both of the C
pieces and the armature at the same time,
so that the holes will line up properly. We
used a No. 50 drill and then broke off the
drill and used it for the pivot N. The
hole in part B should be drilled so that a

Tap & £
5

[T =T _éfs‘wed/s/:

No. & serew fits loosely, and so that this
serew can be readily adjusted. The screw
K is drawn up tightly to hold the armature
the right distance from the pole pieces.
The contacts A are common Ford con-
tacts, of tungsten, and cost about 30 cents

QST
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over the core and against parts S and T
(Fig. 8) to insulate the windings from the
iron.

Part H is made from brass or aluminum
stock and seems to be a perfectly satisfac-
tory adjustment device, These pieces also
allow one to get the proper spring tension
on the armatures. Any typewriter shop
can furnish the springs used to hold the
armatures back.

It will be noticed that there are two
pieces of bakelite a quarter of an inch
thick, under the pole at the base end. These
pieces raise the whole works a half an inch
off the base where they can be seen, and
places all parts away from possible trouble.

Some trouble may be experienced in the .
keying contacts sticking if too large a
condenser is used across the contacts. We
started with a 1-pufd. condenser and passed
along down until we found a type 640
Dubilier .01-ufd. condenser was amply large
to prevent sparking. No condenser is re-
quired across the a.c. starting contacts.
Proper adjustment of the armatures will
assure you that the a.c. starting contacts
will close rapidly when the starting switch
is closed, and the solenoid will get ample
current through the resistance around the
key to hold the starting contacts until the

Put solider lug back of shoulder
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each. Our first relay had $14.00 worth of
platinum contacts which made one leap for
the poles when the current was put on them,
and stayed there in fond embrace. A small
lug is placed back of each stationary con-
tact, and a pig-tail is attached to each of the
screws E (Fig. 4). Then leads are run to
the appropriate binding posts on the base.
The solenoid O is wound full of No. 36
s. ¢. ¢. or enamelled wire, first being sure
that several layers of insulating paper are
wound around the core proper, and insulat-
ing bushings of the same material placed

switch is opened. When the resistance is
short-circuited by the key, the key arma-
ture will pick up immediately. The keying
contacts can be opened and closed faster
than you can send. Listen to it yourself
and you can tell how it is working. If the
spring on the keying armature (d) is too
stiff the keying contacts will work the
same as they do when the telegraph key’s
spring is too stiff, and if this spring is too
loose the armature will not return as it
should. The correct adjustment for hoth
armatures is secured through the manipu-
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lation of the two springs and the back-
stop B on the keying (Z) armature. The
spring on the Z armature should be quite s
bit stiffer than that on the D (m.g.) arma-

(R4
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faithfully. The current drain being only
100 milliamperes, the device is very eco-
nomical to operate, and it is one of the han-
diest things at 8LO.
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ture in order that the Z armature will not
vlose when the operating switch is closed.
Once the correct setting of the springs and
back-stop has been found, the relay will
maintain its adjustment indefinitely.

A few words of caution, though, Be sure
of the length of screws you put in blocks
F and G. By careful work the ends of these
serews will be at a safe distance from each
other. Be sure to use Swedish iron, as
¢ommon iron has too much reluctance for
such a small core. If the best iron is used
it will be possible to use armatures on all
four sides of the relay, each armature con-
trolling a different circuit. Our velay has
a closed separation of about 3/32 inch. This
is about right as the armature and pole
pieces must be separated about this much
or there will be a closed magnetic circuit
and the armature will “hang” for a mo-
ment. Do not increase the voltage on the
solenoid much above six or the keying ar-
mature will ‘‘spank” the contacts hard
enough to knock the contacts out of place.

With the relay at 8LO no one has been
found who can make the thing stammer.
You can send as fast as you please and the
relay will reproduce every action of the key

] &Straxs'ﬂ .

Another ham has deserted the ranks of the
single. On the ninth of September, Miss
Viola Elizabeth Mueller and Charles Kolster
(2AVG) were married. The Kolsters are
at home at Ozone Park, L. I, Congrats, OM.

abBG urges the U. 8. gang to get up
toward the upper end of the 40-meter band
if unQRMed contact with foreign amateurs
is desired. 5BGQG points out that most of the
1. S. 40-meter stations are operating all in
2 bunch around 38 meters, leaving the field
above 38 meters wide open. He says the
forelg'n receiving operators are regularly
covering the whole of the 40-meter band.
Crawl up, OM.
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A Shielded Short-Wave Receiver

By F. }J. Marco*

fore manufacturers) are now rather
well converted to the idea that the
judicious use of a few sheets of metal
can actually do more good than harm in
the design of the highly sensitive and selec-
tive broadcast receiver of today. However,
before describing a shielded short-wave re-

RECEIVING engineers {and there-

FIGURE 1--THE COMPLETED SET

ceiver, it may perhaps be pertinent fo at-
tempt to deduce what may be expected when
shielding is used. Complete, perfect low-re-
sistance shielding will contine both electric
and magnetic fields, keeping disturbing in-
fluences outside and self-generated fields in-
side the metal compartment. In multi-stage
broadcast receivers this is very important.
Interstage coupling (except that existing be-
cause of tube capacity and intentional for-
ward coupling) is eliminated. This allows a
greater amplification-per-stage and a better
filtering action, giving increased selectiv-
ity. Oscillation prevention is made easier
and individual-stage pick-up is eliminated.
This all sounds very well but in the amateur
. W. veceiver of the conventional two or
three tube regenerative type we have none
of these problems. There is only one tuned
stage and no oscillation worries, except
when the thing won’t. There is no hope of
increased selectivity because our one tuned
circuit can gain very little by confinement.
Tt may seem from these facts that shielding
is a terrible mistake. But wait! We have
the power leak, the local broadcasting sta-

* Clonsulting Engineer, 5728 Winthrop Ave., Chica-
o, Experimenters’ Section A.R.R.L. and 9ZA,

tion which persists in spreading all over the
dial, sixty cycle induction from the lighting
lines feeding the table lamp, and in some
cases, on the shorter waves, we have “body-
capacity” from the hand of the operator.
In addition to this there is the roar of our
own transmitter, especially bad when we
attempt a “break-in” system. Shielding,
carefully used will serve to cure some of
these evils in entirety and all of them in
part. That makes it very much worth
while,

It will be found that a completely shielded
cabinet is necessary, only the antenna itself
being allowed to pick up energy. On broad-
cast frequencies this is not so important,
the pick-up of batteries and phone cords
being of small moment. On high-frequen-
cy work the batteries snust be housed and
grounded and the phone cords protected by
means of R.F. chokes or a grounded, metal-
braided covering.! This is because the bat-
tery’s electro-static capacity and the capaci-
ty of the operator’s body, transmitted to
the set thru the phone cords, are fairly re-
spectable antennas for high frequencies and
as such are a disturbing element.

By referring to Figure 1., we see the com-
plete receiver whic