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PRECISION
ENGINEERING

What it Means
in Radio Tubes

fFHE MODERN highly sensitive and
L selective radio receiver requires, for
maximum performance, tubes having the
following qualifications:

1. Standard electrical characteristics.

2. Uniformly good Mutual Conductance
or amplifying ability.

3. Uniformly good undistorted power
output.

4.Standard and uniform input, inter-
elecirode and output capacities.

5. Freedom from AC hum.

6.Freedom from microphonic and noise
tendencies.

7.Very low gas, grid emission and leak-
age currents under normal operating
conditions.

8. Uniformly defined Mutual Conduc-
tance—control grid characteristics.

9. Uniform Plate current cut-off.
10.Good Mutual Conductance — Life
characteristics.

11.Good mechanical strength in tube
structure.

Such tubes are the result of constant
research and development, painstaking
inspection and complete control during

manufactare and careful inspection and
test before shipment.

However, much of this precision en-
gineering may go for naught, if the tube
structure is not sufficiently rugged to with-
stand the jars and vibration caused by
shipment and operation.

In order to preserve the precision
designed and built into the tube, all
Eveready Raytheon tubes employ the
well-known patented 4-Pillar construc.
tion shown in the illustration.

For further information on Evercady
Raytheon 4-Pillar radio tubes, pleasc
write the nearest Division Office.

RAYTHEON -

TRADE MARKS

NATIONAL CARBON COMPANY, Inc.
General Offices: New York, N. Y.
Branches: Chicago, Kansa: Cits, New York, San Frawi-co

Unit of

{'nion Carbide and mij Carbon Corpuoration




e Forest-

Screen Grids

For reception or transmission, from smallest to
largest, whether for amateur, commercial or
Government radio, there’s a DeForest screen-
grid tube for every need. These infricate tubes
incorporate that extra care in design and con-
struction that makes for maximum mechanical and
electrical strength and precision so essential to
best results. For example:

DeForest Audion 424-A

Improved — 24 type screen-grid A.C. tube for receiving and
audio amplifying applications, incorporating perfected DefForest
quick-heater cathode for quick-heating time plus lowest hum
factor, together with long-life Deforest filament,

DeForest Audion 435

Improved variable-mu screen-grid A.C. tube designed to provide
maximum range of control, to eliminate cross-falk on loud signals,
and to simplify circuit design. Noticeable reduction of hiss and
background noises when this tube is employed.

DeForest Audion 565

Screan-grid amplifier designed for use ot radio frequencies espe-
cially at frequencies above 3,000 K.C. May be used as oscillator
although greatest value is that of r.f. amplifier at fundamental or
multiple frequencies, when external neutralization is impossible or
undesirable. Completely shielded.

DeForest Audion 560

Screen-grid power amplifier designed for use at radio frequencies
aspecially above 3000 K.C. May be used as oscillator although
greatest value is that of an r.f. power amplifier when external
neutralization is impossible or undesirable. Completely shielded.

DeForest Audion 561

High power air-cooled tube designed for use as high-frequency
oscillator or power amplifier, at all frequencies now in general
use. Can be employed for frequencies as high as 20 MC.,, but
Audion 571 is recommended for extreme frequencies.

There's an Audion for Every Need

The DeForest line of Audions also includes other types of receiving
and transmitting tubes, photo-electric tubes, television tubes and
special purpose tubes. No matter what your requirements may be,
there is a Deforest Audion to answer them.

Wrn‘e for literature covering the entire line of DeForest
Audions. And don't forget, DeForest also makes complete trans-
mitting equipment, amplifying equipment, television apparatus
and other assemblies based on the use of vacuum tubes.

DeForest Radio Company
PASSAIC » NEW JERSEY

Hay You Saw It in QST -~ 1t Identifies You und Helps QST 1




CALLS HEARD

FOREIGN
CM2NA F8TQ G2BM VK5LX HHTC CT2AW
CM7CX F8TR G20l VK5WR ONA4JF CX1AF
CM5PC F8UX G6CO VK6WI ON4OR CX2BT
CM2T TIFG G2AY VKICH OZ5A ZL1AR
CM2sV gnsLA fone) G2AZ VN2VG Oz ZL9CB
K4AXG AR16 G2AH VESWN PAOAN . 7ZI9GQ
K5AA EAR18 G5KL VE1CO PAOJL ZL3AS
K4RJ EAR21 G5PJ VK2AX PY9BF ZL3AW
K5AB EAR128 G6LI VP2PA PY3A)J ZL3CX
FOBF EAR185 GIOW LUZAM SMTAC  D4BBQ
X1AX I2AA LU5DE SM7XE D4JPC
F8TX G58Y VER ZL3CC CE1AQ DALRM
F8TL G2GA VE2CX Ké6CD CE3CR D4RHR
FTP G5QE VE1AB LU4DE CT2AN EI8C
AMERICAN
W6CXU W6BYU W6DEP W5SU W6EEP W6ZZG
W6CUX W5LJ W6EXQ W5AFU WECXW W6BUH
W6DBT W5AH)J wccxww7AFEwsseo W5RG W5AFV

V
A FIveE Foor ANTENNA

[from receiver to cetling
Is ALL, THAT'S NEEDED!

You, too, can bring in those desired

5 REL “ 278" RECEIVER
DX stations. , List Price $45.00

ASK THE HAM WHO OWNS AN REL *“278"]

Complete information in previous QSTs, or sent on request

CLASS "B"" MODULATION TRANSFORMERS'

7 absolutely necessary features incorporated for efficiency with
Class " C" RF Amplifier using two —10 type tubes — NET PRICE
$8.30 per pair

Ask for REL Parts At Your Dealer's or Write Direct

RADIO ENGINEERING LABORATORIES, INC.
100 WILBUR AVENUE - LONG ISLAND CiTY, N. Y.
Export Department; 116 Broad Street, New York City
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Now you can experiment with light sensi.
tive cells—make them work at a fraction
of previous costs. The new Weston Pho-
tronic Cell uses no battery, no amphﬁer.
It operates relays directly. Highly sensi-
tive, its current output is about 1.4 micro-
amperes per foot-candle. No dark current.

The Photronic Cell has unlimited life
—no deterioration, no replacement. A
marked advance over previous standards.

VTIHB]ﬂiﬂ‘I

PHOTO-

CTRIC

LOW COST

For the experimenter, Weston recom-
mends its Model 601 Photronic Relay. It
controls 100 watts. It consists of a Pho-
tronic Cell, a Model 634 Weston Miniature
Relay, and a Power Relay. Used with dry
cells to actuate power relay, Model 601
Photronic Relay is a complete operating
unit, permiiting hundreds of interesting
and practical experiments.

WRITE TODAY for FREE Booklet show=-
ing ten Photronic Relay experiments.
Wiring diagrams included.

602 FRELINGHUYSEN AVENUE
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e EDITORIAL o

THE accomplishments of amateur radio appeal to the public imagination. The assist-
ance of an army of observers and experimenters is invaluable to those who obtain it.
The service of communication provided by amateurs is technically expert, it is free, and
frequently it is the only means available. It is no-wonder, then, that all manner of enter-
prises are constantly seeking the collaboration of the amateur..

In the majority of these enterprises we have an opportunity for public service and for an
interesting activity, but they likewise involve our duty to ourselves as amateuts and they
require that we take a careful look at the propositions from all angles before we lend our
aid. There is a steady flow of such requests into our headquarters office. Here they are
carefully examined by our communications department, their merit determined, their
operating interest assayed The good ones are embraced, the others rejected. You read in
08T and in the O.R.S. bulletins about the meritorious ones that we know are worthy, in
the name of science, public service or intriguing operating opportunity, of our support.

Occasionally there are “‘propolitions’ of a different complexion. To some we reluc- -

tantly deny our cobperation because the proposed activity, while entirely above-board, is
s1mp1y without any interest to amateurs. Such, for instance, as finding several thousand
amateurs who would build special loop equipment and undertake to log several observa-

. tions a day for a year or so on the apparent direction of static. But there are others that we

turn down because they are improper, because they represent some more ot less cleverly
disguised attempt to ‘‘use’ us to our disadvantage in somebody's axe-grinding scheme.
We had a good example of that recently when a group of newspapers who have lost ad-

vertising to broadcasting, set out to lambaste the daylights out of the present structure of

broadcasting with the idea of turning things topsy-turvy and running the Federal Radio
Commission ragged — to demolish present-day broadcasting to gain some business ad-
vantage to themselves. It was part of their plan to enlist the codperation of the amateur
group, offering us publicity and support in return. Naturally we declined to associate
ourselves with any such move, for as radio amateurs we have no quarrel with broadcast-
ing or the Commission and it would be insane to bring down on our necks the wrath of
other groups in radio by treading upon them unnecessarily. Yet these people still aspire to
amateur participation in their campaign and are telling their associates over the country
to establish contact with local amateurs, who will cobperate if the amateur cause is
championed. We like publicity and support, all right, but not at that price.

The point of all this is that if you are not sure about some request you have received
for amateur codperation, write to A.R.R.L. Hq. for advice and the *'low-down’’ on it.
Every amateur is a free agent, responsible only to the Government for compliance with
law and regulation, legally entitled of course to do anything he pleases within these
limits. But why let yourself be “‘used’” as a chestnut-puller by unscrupulous or misguided
interests to the injury of all of amateur radio, especially when it’s so easy to find out for
sure?

Perhaps we should warn against applying any such caution in cases of bona-fide distress

or community emergency. The rule in such cases of course is to take one quick look to see -

that it looks genuine, then act, and do the thinking about it afterwards.

March, 1932 7
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A Lov»"-Power 1715-kc. C. W. Transmitter

By George Grammer, Assistant Technical Editor

| HETHER or not the sun-spot cycle is

responsible, it is an undoubted fact that

during the past year or so amateur ac-
tivities have shown a decided swing toward the
lower frequencies. The eccentricities of 207
and “40” have driven a great many stations to
“80,” and the peculiar antics of the latter band
lately have been re-

crowding of the apparatus. The untenna tuning
condenser is at the left-hand end of the board
with the oscillator or *tank” condenser alongside
it at the right. The remainder of the space is
taken up by the tube socket, fixed by-pass con-
densers, grid-leak resistor, filament center-tap
resistor and the Fahnestock clips for making

connections. The

sgponsible for the
construction of more
than one *‘‘160-me-
ter’ c.w. transmitter.
The last-named band
seems to be the only
one in which reliable
communication can
be held over moder-
ate distances at
night, which just
about duplicates the
conditions existing
back in 1923 and 24

coils, of course, are in
back of the variable
condensers.

WINDING THE COILS

Itisalittle difficult
to find much to say
about the construc-
tion of the set which
is not already clearly
shown in the photo-
graphs. There is very
little wiring to do,
and that of the easi-

when the big parade
to the ““short waves”
was in full swing.

All of which brings us to believe that the group
of frequencies between 1715 and 2000 ke. is a
pretty nice piece of territory. It is an especially
good place for beginning amateurs, not only
hecause skip-distance effects are almost absent,
but also because, in comparison with the other
amateur bands, it is practically free from QRM.
This in itself is a tremendous point in favor of the
1715-ke. band, particularly because most be-
ginners start out with transmitters of relatively
low power and often find it difficult to make a
dent in the interference on the higher frequencies.

For this reagon the transmitter described here,
designed especially for beginners, is built to work
in the 1715-ke. band. Because it 73 & beginner’s
outfit it uses about the mirimum of parts and is
therefore inexpensive and simple to construet,
although capable of producing o signal which
will comply fully with the amateur regulations.
On the other hand, even the old timer can find it
a handy gadget for local rag-chews and short-
distance traffic handling.

The circuit, Fig. 1, is a series-feed arrangement
of the Hartley. As the diagram shows, no radio-
frequency chokes or filament by-pass condensers
are required, resulting in a substantial simplifica~
tion of the set. The oscillator tube, a Type '45,
will deliver 5 or 6 watts to the antenna. The parts
should be luid out on a 7- by I4-inch baseboard
about as indicated In the photographs, this layout
giving decently short leads without undue

SIMPLICITY OF CONSTRUCTION AND OPERATION
ARE FEATURES OF THIS TRANSMITTING SET

est kind, Perhaps the
hardest job is mak-
ing 8 pair of ship- -
shape coils, although even that is simple enough
if one goes about it right. To make the tank coil,
procure 2 piece of bakelite tubing 214 inches in
diameter and 314 inches long. Draw a straight

TYPE 45
Rz
Ry Cs
-Be__o S _o
KEY FIL.

FIG. 1.-—THE TRANSMITTER CIRCUIT —A
HARTLEY ARRANGED FOR SERIES PLATE FEED

Ci— 500ufd. (L0005-ufd.) receiving condenser.

Cy— Same as Cy.

Cys— .005-pfd. fixed mica condenser.

Cs— 250-pufd. (L00023-ufd.) fixed mica condenser.

Cy e 005-ufd. fixed mica condenser.

Ri— 50,000-0hm resistor.

Re — 20-chm center-tapped resistor.

F -~ Flashlight bulb.

Ly — I8 turns of No. 12 enamelled wire on 2V4-inch form,
spaced to occupy 2% inches.

L2 — 12 turns of No. 12 enamelled wire on 214-inch form,
spaced to occupy 134 inches.

8
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line along the length of the tubing at right angles
to the ends and mark a point on the line a half
inch in from each end. The distance between the
two points will then be 214 inches. Drill a 34-inch
hole through the tubing at each point to hold a
pair of half-inch 6-32 serews, to which the ends of
the coil are fastened. Next cut a piece of No. 12
enamelled antenna wire long enough to make the
coil (about 13 feet) and scrape the enamel off one
end for & distance of about an inch. Bend this

of bus bar or wire which connects to the tap can
be tinned similarly and then the job of making a
good joint is quite simple.

The antenna coil is made in the same way as
the oscillator coil except that a shorter piece of
tubing and a smaller number of turns are used.

The two coils should be mounted as shown in
the photographs, and should be placed as close
together as possible. It is not necessary to make
the coupling bhetween the coils variable, since.

their dimensions . are

such that the spac-
ing shown will give
just about the right
amount. The distance
between the two adja-
cent ends of the wind-
ings is 114 inches.
The 8-turn side of the
oscillator coil is con-
nected to the grid end
of condenser ; (ro-
tary plates and frame)
and the 10-turn side to
the plate end {station-
ary plates). Both coils
should be fastened
solidly to the base-
board, preferably
raised from it a balf

A TOP VIEW SHOWING WHERE EACH PART IS PLACED. THE LABELS CORRE-
SPOND TO THOSE IN THE WIRING DIAGRAM

bright end around one of the screws and fasten it
in place with a nut. Then fdsten the other end of
the wire in a vise or to a hook so it will be solidly
anchored, pull the wire taut, and wind the coil by
rotating the bakelite tube in your hands, walking
toward the vise or hook as the turns are put on.
When the 18th turn is completed bend the wire
around the remaining serew and cut off the excess.
Serape off the enamel where the end of the wire
goes around the screw and fasten it temporarily.
Now take a piece of fairly heavy strihg and wind
it between the turns of the coil. If the right
thickness of string is used the entire coil will just
occupy the space between the two machine
screws. The string may be left in place perma-
nently if desired, in which case it should be of the
waxed variety, to make it moisture-proof. This, in
fact, is a good plan because the wire is likely to
slip if the string is taken out. Tightening up the
nuts which hold the ends of the wire in place
usually will pull the coil tight if it has not been
allowed to slip during winding,

The tap on the oscillator coil is placed at the
Sth turn from one end, in line with the two
terminals of the coil, by scraping off the enamel
for a distance of about a half inch and running
solder on the bright part, taking care that none
of the solder gets on the adjacent turns. The piece

inch or 80 by means of
small pieces of metal
tubing or some similar
means.

POWER SUPPLY

The power supply for the transmitter should
furnish 2.5 volts a.c. for lighting the filament and
300 to 400 volts d.c. for the plate. A power pack
made up from broadeast replacement parts will
be entirely satisfactory. Constructional details of
such a power supply are contained in the Novem-
ber, 1930, issue of QST, and also in the Ninth
Edition of The Radio Amateur’s Handbook.

As a preliminary test the power supply and key
should be connected to the set to check for oscilla-
tion. The oscillator condenser, C'y, should be set
with the rotary plates all “in.”” With the key
closed, touch a pencil to the stationary plates and
if an appreciable spark appears the set is oscillat-
ing. If there are no signs of oscillation check over
the wiring for mistakes. If the wiring appears to
be correct another tube should be tried. There is
little to go wrong if the construction shown in the
photographs and wiring diagram is followed
carefully.

TUNING

The transmitter is intended to be used with an
antenna and ground. The antenna may be a
single wire such as those used with broadecast
receivers, and should be at least 120 feet long
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eounting the total length from the transmitter to
the open end. Lengths up to 160 feet may be
used. The shape of the antenna is not a matter of
great importance; it should be kept in a space by
itself as much as possible, of course, and should
be fairly straight except for the lead-in, but if
these conditions cannot, be fulfilled the reduction
in radiation should not be very harmful. The
ground lead should be short. The “ground’” may
be a buried metal rod or else the water or steam
circulation system of the building. In the latter
case the connection may be made by means of an
ordinary ground clamp to a cold water pipe or a
radiator in the heating system. The pipe should
he sandpapered until bright before the clamp is
installed. ‘

If the specifications, particularly those for Cy
and Ly, have been followed very carefully the low-
frequency end of the 1715-ke. band will be
reached with the plates of Cy just about fully
interleaved. The entire band will be covered in
the last 10 or 15 dial divisions. Of course before
going on the air the frequency should be checked
carefully to make sure it is ingide the band. Any
one of several simple methods of frequency
checking can be used, repetition of these being
unnecessary in this article.! Once the frequency
has been set the antenna circuit is brought into
resonance by adjusting (', until the fashlight
Jamp shows the brightest glow. The lamp should
then be eut out of the circuit by connecting a
short picce of wire between the terminals on the
lamp base, and the transmitter is all ready to go.

It is hard to make any predictions as to the
range of & transmitter of this type. With a rea-
sonably well-located antenna and a good ground
connection it should be good for distance up to
100 miles or so in daytime and up to 500 at night.

Norg. — This transmitter is intended for ¢.w.
{code) only and is not suitable for radiotelephony.

i Frequency measuring methods are fully described in
The Radio Amateur's Handhook. Simple methods of cor-
rectly tuning this transmitter are described in How fo Be-
come a Radio Amateur, & booklet which also gives complete
insfructions for building an inexpensive receiver and power
supply, as well as instructions on how to learn the code,
obtain licenses, and other information of interest fo be-

ginners. It can be obtained from the American Radio Relay
League, Inc., West Hartford, Conn., for twenty-five cents.

-ELECTION NOTICE

To all A.R.R.L. Members Residing in the

NEW ENGLAND DIVISION:

1. You are hereby notified that Frederick Best
has resigned as A.R.R.L. Director from the New
England Division, because of removal from the
gaid division, the resignation to become effective
upon the election of his successor. You are also
notified that a special election for A.R.R.L.
Director is about to be held in the New England
Division to fill the remainder of the 1931-1932

term left vacant by this resipnation. Your atten-
tion is invited to Section 1 of Article IV of the
constitution, providing for the government of
A.R.R.L. affairs by a Board of Directors; Section
2 of Article IV defining their eligibility; and By-
Laws 10 to 19 providing for their nomination and
election. Copy of the Constitution & By-Laws
will be mailed any member upon request.

2. The election will take place during the
month between March 15 and April 15, 1932, on
ballots which will be mailed from Headquarters
in the first week of that period. The ballots will list
the names of all eligible candidates nominated for
the position by A.R.R.L. New England Division
members.

3. Nominating petitions are hereby solicited.
Ten or more A.R.R.L. members of the New Eng-
land Division have the right to nominate any
member of the League in that division as a candi-
date for director therefrom. The following
nominating form is suggested:

(Place and date)
Ezecutive Comamnitiee,
American Radio Relay League,
West Hartford, Conn.
Genilemen:

We, the undersigned members of the A .R.R.L.
residing in the New England Division, hereby
NOMINALE <o vv i irnnen of
as a candtdate for director from this diviston for the
remainder of the 1931-1932 term.

{signatures and addresses)

The signers must be League members in good
standing. The nominee must be a League member
in good standing and musf be without commercial
radio connections. His complete name and address
should be given. All such petitions must be filed
at the headquarters office of the League in West
Hartford, Conn., by noon of March 15, 1932.
There is no limit on the number of petitions that
may be filed, but no member ghall append his
signature to more than one such petition.

4. This election is the constitutional oppor-
tunity for members to put the man of their
choice in office as the representative of their
division. They are urged to take the initiative
and file nominating petitions immediately.

For the Executive Committee:
K. B. WaRNER, Secretary.

West Hartford, Conn., January 15, 1932,

B Strays %y

Evaporating off the magnesium film on the
glass envelope of tubes is effective in clearing up
any stray gas. The glass is heated gently until the
silver coating has disappeared or redeposited on
cooler portions of the tube. This may be repeated
until the minimum of gas is present. It has worked
in a number of cases where the tubes, mainly
210’s, have gone “blue.”

- WeCqdL
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A Cigar-Box Super-Regenerative Receiver
By Walter van B. Roberts#

OR some purposes compactness and lightness
Fa.re of paramount importance in portable
- radio receivers. Compactness, for example,
is essential if the receiver is to be conveniently
carried upon the person during operation, while
lightness is necessary in many ecases, such as
mountain climbing or hiking, for reception in
gliders, military communication, ete. As a result
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FIG. 1.--THE COLPITTS INTERRUPTION-.FRE-

QUENCY TUNED CIRCUIT IS MADE UP OF THE

INDUCTANCE L: AND THE FIXED CONDENSERS
C: AND Cs

The signalvfrezuem:y inductances L1 and Ly are wound
on the frame of the receiver and serve also as the antenna.

(Ct — 50-pufd. midget variable condenser.

0.012.ufd. fixed mica condenser.

23— 0,006-pfd. fixed mica condenser.

Ly ~— Grid coil, 40 turns tapped at 9, 12, 15, 20, 26, 32 and
40 turns from grid end.

L: — Plate coil, 17 turns tapped every turn from Oth to
17th, inclusive, from **B’’.battery end, The coils
are wound side by side on the form which is 114
inches “long” by 534 inches by 11 inches. The
outer ends of the two windings go to frid and plate
as shown in the diagram. A smaller form and
fewer turns would be used for higher frequencies.

Lz ~— L.f. coil. See text for details.

R1~ 50-0hm filament rheostat. .

B — Two flashlight cells (Eveready No. 950).

Bz~ Three-cell flashlight battery (Eveready No. 751).

8 - 7-tap switch.

Sy~ 9.tap switch,

of econsiderable experimentation the super-re-
generative circuit used in the extremely small
and light receiver shown in the accompany-
ing photographs was evolved. This receiver,
including batteries but not including the 'phones,
weighs only 2 Ibs. 14 oz. and is built in a cigur
box whose outer dimensions are 214 x 654 x 1174
inches. Its satisfactory operating range is from
550 ke. to about 1000 ke., but this range could be
considerably inecreased if a condenser of larger
vapacity range were used for tuning. Although no
antenns is used, it is sufficiently sensitive and
selective fo receive speech intelligibly at Prince-

* Radio Corporation of Ameriué;:/"570 Lexington Ave.,
New York City.

ton, New Jersey, from any one of a half-dozen
broadcast stations in the New York and Phila-
delphia areas. It also has been used in automo-
biles, at football games to hear the broadcast of
the game, and on a steamer 1000 miles from New
York it has picked up WJZ when held near the
rigging. None of the operating controls are criti-
cal. Standard parts were used throughout except
for the inductance of the interruption frequency
circuit and it is believed that if special parts were
developed to be as small ag possible, the size of
the receiver could be reduced to one half the size
mentioned.

Perhaps the most surprising thing about the
receiver ig the low voltage of the “B” battery,
which is only 414 volts. During experimentation
with various types of super-regenerative circuits
it was found that fair results were obtainable
without any “B” battery at all, but the volume
of sound was too small to be practicable, even
though & number of stations were receivable.
Four and a half volts were chosen as & good com-
promise between too little volume on the one
hand and too much battery space and weight on
the other. By referring to the circuit diagram,
Fig. 1, it will be seen that the number of parts
has been reduced to a minimum by the use of a
Colpitts oscillator cireuit for the interruption
frequency, while the use of a tap switch on the
tickler coil elimi-
nates the necessity
for moving the
tickler coil, or for
a throttle con-
denser and choke
or other feed-back
control. The taps
on the grid coil
would be unneces-
sary, or ab any
rate fewer taps
would be required,
if the tuning con-
denser was con-
structed to have
4 larger maximum
capacity so as to
provide a larger
tuning range. The
interruption fre-
quency coill was
wound on & core
of thin laminated
ironlin. x ¥ in. x
t in., enough turns
of No. 35 wire

THEPLATEAND GRID COILS
AREWOUNDON THEFRAME
OFTHEWOODEN *“CHASSIS”

They could be wound on usual
forms for the higher-frequency
umateur bands and a small an-
tenna used for the pick-up. The
small iron-core inductance for the
interruption-frequency circuit is
mounted in the center of the
lower panel.
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heing used to give a high pitched interruption
frequency of the order of 3000 cyeles. The choice
of the tube used scems to be important; some
tubes operate very much beiter than others.

In operating the receiver it will be found that
if the regeneration control is turned up too far the
i.f. oscillation will stop. In this case the regenera-

districts worked in all countries. The idea is to
show a little more completely the DX worked
than will & bare statement of the number of
countries worked. For instance, if one ham works
90 districts in B0 countries, his record is pre-
sumably better than that of another station
which has worked only 70 districts in the same
number of countries.

THE CIGAR-BOX SUPER-REGENERATIVE RECEIVER

READY FOR OPERATION

tion control should be backed up until if. oscil-
lation recommences.

It must be emphasized that this receiver was
built for a definite purpose, and for that purpose
only: To receive information with the very mini-
mum of weight and bulk of equipment, regardless
of quality of received signals or difficulty of
tuning. [t would, therefore, be contrary to the
terms of the problem to add any extra device or
weight for the purpose of eliminating the if.
whistle from the ’phones, or to provide louder
output, or the like. It is probably very desirable
to develop a light and compact receiver having
plenty of output of a good quality, and without
any peculiarities of tuning, but that is a different
problem, This receiver was designed for uses
where, provided the message cun be received
understandably, all other considerations are of no
consequence in comparison with saving an ounce
of weight or an inch in size.

While the data given apply to the broadeast
range, there seems to be no reason why the grid
coil, tickler and possibly the if. coil should not
be suitably reduced in inductance so ag to provide
operation at higher frequencies.

S Straxs RS

WI1BTE suggests putting on the QSL card the
letters “DW” followed by the total number of

MY CQ

I sent a little CQ

Sailing on a wave,

I know not where it landed
Nor how it did behave.

What worlds it may have sailed in,
What sights it may have seen;

. What thoughts it may have whispered
I'o ears that were quite keen,

I can’t recall that CQ,
It’s gone I know not whence,
But I'll just bet it landed
Right over my back fence!
- WS8CKH

EVERY TUBE ITS OWN FILTER

From an advertisement of a power tube
in a recent issue of one of our technical con-
temporaries:
‘‘ Approximate Direct. Interelectrode Capacities
“Plate to Grid 9 microfarads
“Plate to Filament 6 microfarads
“(Grid to Filament 10 microfarads.”
Presumably the idea is to make it unnecessary
to have any eapacity at all in the plate-supply

. filter system!

Midwest Division Convention
Grand Island, Neb., March 26th-27th

FOR the firgi time Nebraska is undertaking &
real-to-goodness Midwest Division A.R.R.L.
Jonvention to be held at the Hotel Yancy, under
the sponsorship of a convention committee, Roger
H. Hertel, Chairman; S.C.M. Wallace and
Director H. W. Kerr. The fee is $2.50 including
banquet.
Governor Bryan of Nebraska will address the

- hams; State Senator R. B. Howell will be present

also and good speakers are agsured on technical
radio. Government examinations will be con-
ducted Saturday mormng and the Committee is
doing its best to give you something that you
will remember.

Now help us by sending in your reservation in
advance to Don Griffith, 408 East 6th St.,
Kearny, Neb. Further information may also be
obtained from Roger H. Hertel, Clay Center, Neb.
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Changing Over to the New ‘Phone Bands

By James J. Lamb, Technical Editor

ITH the legal and regulatory aspects of

V ‘/ the new regulations regarding amateur
’phone adequately covered in articles

by Secretary Warner in lagt month’s and this
issue of QST, and no doubt well digested ere
this, there remains only a little touching up on
the technical high lights to complete the picture.
Actually, there isn’t much in the way of compli-
cation justifying any sort of deep-delving tech-
nical treatment. For the most part only straight~
forward common-sense application of what
every 'phone man already knows (or at least
should know) about transmitters, crystals, an~
tennas, frequency measurement, and whatever
else might be affected, is demanded. Tank eir~
cuits need tune but a few hundred kilocycles
higher; crystals require but a few swipes of
grinding on a piece of plate glass smeared with
the well-known carborundum mixture; antennas
must have but 15 feet or so clipped from their

length; and as for finding the frequency limits of

the new assignments — well, no amateur has any
business in ‘phone operation who hasn’t some
kind of frequency meter, doesn’t know how to
check a transmitter’s frequency, after all the
practical information QST has had on frequency
meter construction, calibration from standard
frequency transmissions and frequency measure-
ment in general. However, to save wear and tear
on short memories, back issues of QST and vaxi-
ous editions of The Handbook, we shall have a few
practical hints and references to sources of more
detailed information. But before going into the
business of moving into new territory, let's look
over what we have and pick out the trash that
should not, in fact must not, be moved at all —
or even be left operating where it is. The time is
opportune for an overdue general house cleaning,

TRASHY 'PHONES

All 'phones are not, good 'phones. An inereasing
majority is in the category of good ’'phones of
modern design, we know, but there is still enough
of the wrong kind to make things nasty for those
of the better kind. In fact, there can be little
ground for disagreement with the statement that
one thing that has been wrong with the amateur
"phone bands has been not gso much their narrow-
ness in terms of kilocycles but their limited ca~
pacity to accommodate both the good modern
'phones and the ether-hogging zig-zagging punk
"phones of a breed that has been obsolete since
1928, whether their operators know it or not.
What is the outstanding characteristic of such
relics of the dark age? High power? Not at all.
Poor quality of “bodulation’’? Not always. It’s

frequency modulation. Why, some of those
channel-swipers have enough wobbulation to
wash out slices sufficiently wide to accommodate
comfortably three times and more their number of
good "phones. Many of them sound well enough,
too; at least well enough to collect a few “you
sound like a broadcast station’ reports in an
evening of whistling and C(Q¥’ing. That is, they
seem to have “quality”’ — if you are not overly
eritical and if your receiver is not so selective as
to lose them on some of their frequency slides.
But they sound terrible if you are trying to copy
a good stable 'phone on an adjacent channel;
and they make the good signal sound terrible, too.

Modulated oscillators are the cause of the mess.
That has been recognized clearly since modulated
oscillators became obsolete in both amateur and
broadeasting fields some four years ago. That is
why no such ’phone transmitters for the amateur
bandsg from “20 meters” to “160 meters” have
been advocated by QST since we saw the light in
1928. True enough, such monstrosities have been
described recently in other radio magazines not
so well acquainted with the amateur picture. But
no amateur should be led astray hecause of
that. The most recently published example of
such a piece of obsolete ‘phone design that has
come to our attention was a 50-watt self-excited
thing with loop modulation — and s low-C tank.
And it was confidently recommended ag not only
economical but, what is worse, as eminently
suited to amateur use! Shades of the dark ages
of ham ’phone! That set would need a whole
amateur band for itself.

For the good of amateur 'phone all such trans-
mitters must be eliminated from the ham bands.
Amateurs who know better than to use them
should point out to their less well informed
brethren who do use them the evils of so doing.
Only sets of the type in which modulation does
not cause variation in oscillator frequency are
permissible. In the present state of the art, this
requirement demands some form of oseillator-
amplifier set, crystal-controlled or self~controlled,
in which not the oscillator but an amplifier is
modulated. Actually, it should be noted, modu-
lated oscillators are illegal. United States Ama-
teur Regulation 332 states: * Licensees of amateur
stations shall use adequately filtered direct-cur-
rent power supply for the transmitting equip-
ment or arrangements that produce equivalent
effects to minimize frequency modulation and pre-
vent the emission of broad signals.” (Italics ours.)
Modulated power supplied to an oscillator can-
not, by any stretch of the wording, be translated
into “adequately filtered” d.c. With every type
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of self-excited oscillator that we know of, in-
eluding crystal-controlled ones, modulation of
the oscillator must cause frequency modulation.
To secure frequency stability equivalent to that
of an oscillator supplied with adequately filtered,
unmodulated, direct-current power supply, it is
necessary to use an oscillator-amplifier circuit
and modulate only in an amplifier stage. Modu-
lated self-excited transmitters cannot bhe tol-
erated in the new ’phone era.

Now, with the trash eliminated, let’s get on
to the moving.

THE 1875~ T0 2000-8C. BAND
Operators who have not yet had their one year
of amateur experience and who are, therefore, in-
eligible to qualify for unlimited amateur radio-

Class C Amp.
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FIG. 1—UNTIL APRIL 1, 3900-4000-KC. TESTING
MUST BE DONE ON A DUMMY ANTENNA LIKE
THIS

ielephone operation, the prerequisite for opera-
tion in the 3900- to 4000-ke. and 14,150- to
14,250-ke. bands, will be numbered among those
casting towards the 1875- to 2000-ke. ’phone
assignment. No special operator’s 'phone quali-
fications are required for operation in this band.
All licensed amateurs are eligible. Modifications
of the equipment to make the shift in operating
frequency have heen completely covered in
previous articles in this magazine, still available
to those who do not have them already, and are
also covered in The Radio Amateur’s Handbook.
To repeat them is, therefore, needless. Practically
all the detailed information that anyone could
need will be found in one article, “Moving into
the 1750-Ke. Band,” QST, April, 1931.1 Anten-
nas, inductance and condenser sizes, coil con-
struction, receiver suggestions, frequency meas-
urement — all are treated fully.

If erystal control is used the crystal frequency
must be befween 1875 and 2000 ke. A frequency
“flat on” 1875 or 2000 ke. will not do because

! Back copies are cbtainable from QS7's Circulation De-
partment at 25 cents each.

the amateur agsignment is between these limits
and s ‘phone transmitter on either one of these
frequencies must have sidebands that go outside.
If a crystal of lower frequency is among present
possessions it can be ground to higher frequency
by anyone who ecan make circular motions over a
piece of plate glass smeared with carborundum
powder mixed with water or kerosene. Details
of the grinding method are given in Chapter VII
of The Radio Amaieur’s Handbook. Checking the
frequency abt intervals during the grinding
process is a simple matter, Perhaps the best way
is to use a heterodyne frequency meter (cali-
brated oscillator), preferably one calibrated from
the regular A.R.R.L. standard frequency trans-
missions. Such a calibration can be made readily
from a 3500-ke. Schedule A transmission, an
ogcillator covering either the 3500- or 1750-ke.
band being suitable. If the meter covers the
1750-ke. band (1715 to 2000 ke.), it is calibrated
from the 3500-ke. band transmigsion by hetero-
dyning its second harmonic with the s.f. signals
picked up on a receiver tuned to the 3500-ke.

band. The 1750-ke. band points will be hali- -

frequency of the corresponding 3500-kc. band
points; that is, 2000 ke, will coincide with 4000
ke., 1875 ke. with 3900 ke., ete. Even though
vour station uses a crystal-controlled transmit-
ter, a frequency meter ought to be included in its
equipment. Crystal-controlled oscillators do not
always stay put and need a frequency check from
time to time just as much as self-controlled
types — ag several ‘phone operators, assisted by
the Department of Commerce supervisors, have
learned by experience with off-frequency crystal-
controlled transmitters in recent months.

Because of the abnormal performance of fre-
quencies around 3500 ke. that is prevalent now,
many ‘phone men who are qualified for unlim-
ited operation on that band will find the 1875-ke.
territory better suited to what used to be normal
range for 3.5-me. work. The new "phone alloca-
tions are perfectly swell for this doubling up be-
cause the same crystal ean be used for both bands.
The fundamental of a crystal between 1875 and
2000 ke. can be used for operation in that band
and its second harmonie, obtained by frequency
doubling, for 3900 to 4000 ke. One antenna sys-
tem will be fh. for both bands, too. Several
practicable antenns schemes for this two-band
combination are shown in the 1750-ke. article
referred to previously, by the way.

3900- To 4000-8C. $UGGESTIONS

Moving from the low-frequency end to the
high-frequency end of the 3500-ke. band is sim-
ply a matter of retuning, With few exceptions,
tank circuits will need no more than readjust-
ment of the tuning condensers. If, however, a
tank will not come into resonance before *zero”
capacity is reached it will be necessary only to
cut down the inductance of the tank coil slightly,

(4

QST for

e Mt A PP s

1

P

-



as by removing or shorting out a turn or
two.

Crystals? If of the 3500-ke. band type, grind
them about 0.003-inch thinner if they are X-cut
or about 0.002-inch thinner if they are Y-cut.
(X-cut crystals for 3500 to 3550 ke. are approxi-
mately 0.032-inch thick and Y-cut 0.022-inch
thick.) Instructions for grinding are given in the
aforesaid chapter of The Handbook. 1f your pref-
erence is not to grind, the crystal can be turned
over to one of QS7’s advertisers prepared to do
the job at nominal cost.

Antennas? The story is the same— prune
them down a bit. Cuiting off about 15 feet will
drop the fundamental of the 3500 ke, Hertz
radiator of a “Zepp,” current-fed, or similar
tvpe, to approximately 3950 ke., for instance.
Fecder lengths ean be reduced proportionately,
where necessary. Single- and two-wire matched-
impedance (doublet) systems, whose dimensions
are a little more critical than those using
tuned feeders, should be designed by the same
method that was used for the lower-frequency
system, the complete instructions being given
in Chapter XI of the same [Radie Amateur's
Handbook.

One thing we must guard against in operating
'phones in this band is the radiation of radio-
frequency harmonics that may cause interference
to services operating on frequencies between
7800 and $000 ke. A push-pull output stage,
earefully balanced and neutralized, loose coupling
to the antenna system and a careful listening test
on frequencies between 7800 and 8000 ke. at a
point a mile or so from the station are urgently
recommended. Harmonic radiations have been
with us to some extent in the past, it is true, but
they have fallen into the general ham QRM be-
tween 7000 and 7100 ke. and hence were not so
noticeable. Now they will fall outside any ama-
teur band. Watch out for them.

THE “20-METER" BAND

Every amateur qualified to operate a 'phone in
the 3900- to 4000-ke. band is also privileged to use
the 14,150- to 14,250-ke. 'phone allocation under
the new regulations and consequently increased
occupancy can be expected up there. If crystal
control is used with two doublers (quadrupling
frequency) the erystal shouid have a frequency
between 3537.5 and 3562.5 ke. One frequency-
tripling stage instead of two doublers will prove
more economical and less complicated in many
cases, and its use is recommended. Boyd Phelps’
article on tripling in August, 1931, @ST, gives
some excellent suggestions. For tripling to the
new *20-meter”’ 'phone band the crystal should
have a frequency hetween 4716.6 and 4750 ke.

During March, and subsequently, 14,150- and
14,250-ke. points will be given in the Schedule C
standard frequency transmissions. Complete
schedules are contained in this issue.

*5 METERS "’

Another band that cannot be overlooked is 56
to 60 me., open to 'phone operation for all li-
censed amateurs and becoming increasingly
popular for experimenting and local rag-chewing,
now having hundreds of vccupants. The equip-
ment required is simple, doesn’t cost much and is
almost sure-fire as far as results are concerned.
Most of the 56-me. enthusiasts are using equip-
ment of the type described in QST for July and
August, 1931, and those interested should refer
to those Issues.

TUNING UOP

Although any amateur can fire up a 'phone on
56 me. or on the 1875- to 2000-ke. band as soon
as he is ready, or on the 14,150~ to 14,250-ke.
band as soon as he qualifies for unlimited opera-
tion, there can be no 'phones on the air between 3900
and 4000 ke. before 3:00 a.m., E.S.T., April Ist.
All tuning up and testing prior to that time must
be done on & dummy antenna. All tuning up and
testing should be done on a dummy antenna at
any time, for that matter. Fig. 1, the one and
lonely circuit diagram of this article, illustrates a
suitable, cheap and quickly concocted arrange-
ment that is used in our laboratory. The amplifier
need not be push-pull and the antenna inductance
need not be split. The idea is to connect the an-
tenna tuning condenser in parallel with the an-
tenna inductance and connect the dummy load
across a few turns of the coil. The right number of
turns, found quickly by experiment, will give
maximum output, as shown by illumination of
the electric light, at the proper plate input to the
amplifier. The 50-watt bulb is about right for a
pair of Type "10’s, a 25-watt size is better for a
single Type ’10, a 100-watter for a Type '03-A or
'52. Larger bulbs or several in parallel can be
used for higher-powered amplifiers, :

B Strays %

Louis Berkowitz, W1AVE, was awarded first
prize in the letier contest recently held by the
International Resistance (‘ompany You just
eun’t keep these hams from commg out on top!

The 841 tube is now marketed by the Radio-~
tron and Cunningham organizations, making the
tube available through regular radio dealers.
Formerly it could be obtained only from the
RCA-Victor Company. The 841 is a high-mu
tube of the “210” type, and is especially suitable
for resista.nce—wupled voltage amplifiers where
the grid swing to be bandled is relatively large.
Ite characteristics are given in the July, 1929,
issue of QST.

WSBAD enrolled at a Texas university last
fall, but quit when they wouldn’t let him put up
a ha.m station at the school!
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Eliminating Interference Caused by
Electrical Equipment

By Absalon Larsen®

S IS well known, in most cuses the inter-
ference to radio reception from electrical
apparatus and machinery is caused by

small sparks produced by the make or break of an
electric current, as in switching on or off a light;
operating a telegraph key, or running a d.c. or a.c.
commutator type motor. In some literature one
often finds the remark that “electrical sparks
produce oscillations which radiate into space and
influence the receiver in the same manner as the

cwrrent and potential, with an extremely steep
wave front, as is generally assumed in practical
calculations in high tension engineering. The
wave, though still aperiodie, also may have some
irregular form. In these two cases it is the very
passing by of the wave front that influences the
receiving apparatus, whatever the frequency to
which the receiving apparatus may be tuned.
It may happen that the wave is partially periodic
and of a definite frequency, in which case, of

radiation from a radio trans-
mitter.” This view is apt to
be rather misleading. In
veality the interference is
generally the result of a
transient phenomenon, not of
regular oscillations. More-
over, the radiation chiefly
follows the conductors, the
direction of radiation at
gome digtance from the
source being parallel to the
conductors. A practical il-
tustration of this is shown
in Fig. 1.

The following article is from =a
paper read by Professor Larsen be-
fore the C.C.LR. at Copenhagen
in June, 1931, It represents a sum-
mary of reports published in Danish
technical papers during 1927 and
1928 on the progress of a series
of investigations conducted at the
request of the Danish Broadcasting
Administration, in which investiga-
tions Mr. M. O. Jorgensen of the Royal
‘Technical College collaborated with
the author. The methods described are
particularly applicable to interference
problems peculiar to amateur station
operation. — EDITOR.

course, the interference will
have a markedly selective
character, Condensers, even
rather small ones, involve
practically no obstacle to
the propagation of the dis-
turbing traveling wave.
The way to prevent the
interference generally is to
Jlatten the wave front of the
digturbing wave. A steep
wave front resulting from
gimply making contact be-
tween two wires of different
potential may have an

In the house “B” the

interval of only a few

reception was seriously
damaged by the running of
a motor branched on the electric main at a dis-
tance of 1800 feet, whereas in the house “A”
at a distance of only 180 feet from the motor
no interference was observed. The explanation
is that the house “A” had no electric light in-
stallation, as was the case with house “B,” and
the inierference was caused by an frregular elec-
tromagnelic wave traveling along the line. A
part of this traveling wave entered the house
“B” following the service line and in some
way or other influenced the radio receiver. The
traveling wave might have crossed the capacity
hetween a service wire and the lead-in from the
aerial, followed the inlet wire through the re-
eelving apparatus to the earth connection and
caused a sudden charging of the condenser in the
high-frequency cirenit of the receiver. This would
create a damped oscillation, in the circuit, of the
frequency to which the circuit happened to be
tuned. After amplification and rectification the
result for each wave train would be a sharp crack
in the headphones or loudspeaker.

The electro-magnetic wave traveling along the
line with the velocity of light may be of constant

#* Royal Technical College, Copenhagen, Denmark.

meters from the very first
trace of a wave to the point
of full intensity. To avoid interference this
interval must be considerably extended, reaching,
for instance, a value of 5000 to 10,000 meters.

Ant
Ant, E//
HOUSE 8"
HOUSE"A” f
180"
. Mv.tor{? i Electric Main .
1S 1800°

FIG. 1.~ THE RADIATION FOLLOWS THE CON-

DUCTORS

Although much further from he oi:fendm motor, the
receiver in house “B” was aﬁ‘ectcd whereas there was go
interference in house *“A.”

For this purpose a convenient arrangement of
condensers or condensers and coils is used, a very
important condition being that the condenser (or
condensers) must be charged or discharged aujﬂ-
ciently slowly.

MOTORS
Fig. 2 represents an arrangement demon-
strating the case of a small d.c. motor causing
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disturbances in a radio receiver. The condensers
*,C2 and Czare not present to begin with. Imagine
a spark appearing between the brush “B” and

It
L

i

i
K
FIG. 2.— HOW A SMALL D.C. MOTOR CAUSES
INTERFERENCE TO RADIO RECEPTION

The dwturbance iseliminated by unitingthe two charges

of opposite sign of c S, e same treat-

ment would be appltcablc to d.c. generators.

the commutator. At the very moment of the
appearance of the spark, two traveling waves of
opposite sign start in opposite directions. One of
these, which we may call positive, will pass on to
the corresponding wire of the supply installation
ag shown by the dotted line in Fig. 2. The other
wave, the negative, will enter the armature
winding and part of it will cross the insulation,
thus reaching the armature core, and another part
will cross the air gap and reach the motor frame,
from where it will continue its way following any
conductor connected to the frame — for instance
the earth lead, if there is one, a8 shown with the
stippled line in Fig. 2. The part that reaches the
armature core will partly cross the bearings and
reach the motor frame; and partly it will reach
the pulley or the clutch. One might, think that a

FIG. 3 — CONDENSER

CONNECTIONS FOR

‘THREE-WIRE DISTRI-
BUTION SYSTEMS

Yor-ores
FIG.4—CONNECTIONS B
FOR TWO.WIRE SYS. &
TEMS WITH ONE SIDE ~y !
EARTHED s Zero
[

part of the negative wave would reach the other
brush and from there follow the other supply
wire. This part is, however, usually negligible.
Sparks at the other brush will, of course, produce
a couple of traveling waves, of which one will
follow the opposite wire of the installation,
whereas the other will follow & similar way to the
motor frame, as in the previous case. The positive
wave front passing by the small aerial will cause
disturbance in the receiver. As proof of this, when
the supply wire is removed from the vicinity of
the gerial the disturbance ceases.

Generally the sum of positive electric charges
leaving the motor with the positive wave will be
equal to the sum of negative electric charges
leaving the motor with the negative wave. Thus
if the earth connection is removed the negative
wave will be reflected, and it will carry only the
quantity of electricity required for charging the
motor as a whole to a certain potential. Therefore
the positive wave will carry only a correspond-
ingly small quantity of positive electricity. In
the case of a small motor this small charge will
not suffice to disturb the receiver seriously. As a
demonstration of this, the noise at the loud-
speaker ceases when the earth connection is
interrupted. If one or two persons touch the
motor frame, and thus add to the capacity, the
noise will return, To eliminate the disturbances
one must unite the two charges of opposite sign
by means of condensers connected between each
of the wires and the motor frame. To show this,
if the earth connection is re-established a loud

switeh _ |FT°
Wilc! C| Cz
},\i i 2
300
- 3
Portable J-core cable S-pin
otor Plug Socket

FIG. 5-—A SUITABLE ARRANGEMENT FOR

SMALL PORTABLE MOTORS

‘noise is heard from the loudspeaker. The noise

comapletely disappears when the two condensers
C, and C, are connected as shown in Fig. 2. It is
shown also that the connection of the condenser
'y alone scarcely diminishes the noise, whereas
the noise completely disappears when (' and
either (', or C; are connected.

In practice the connection of the condensers
may have some undesirable consequences, espe-
cially in a.c. installations. In the first place the
motor frame may have a potential difference
from its surroundings (if it i3 not earthed),
whereby persons may receive disagreeable
electrical shocks. Secondly, if the frameis earthed,
the current to earth through the condensers may
pive rise to low-frequency telephone disturbances.
'o avoid both inconveniences, the two connection
diagrams in Figs. 3 and 4 may be used. When the
motor is connected to the plus and minus con-
ductors of a three-wire distribution system with
earthed middle wire, the circuit of Fig. 3 must
he used, the two condensers being of equal size.
For the suppression of radio interference only,
however, the condensers need not be equal at all.

When the motor is connected to a two-wire
installation, one wire being the “zero” (earthed)
conductor, the connection shown in Fig. 4 will do.
()ne condenser is connected across the line from
the outer conductor to the “zero” conductor, the
other condenser being connected from the zero
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conductor to the frame. (The capacitive connec-
tion from the outer conductor to the frame in
this case includes the two condensers connected
in series.) In case of portable motors this arrange-
ment requires uninterchangeable plug and socket.

A suitable arrangement for small portable
motors is shown in Fig. 5, where the two con-
densers are taken to be combined with the switch
and plug socket, these parts forming a special
apparatus attached to the wall. The connecting
three-wire cable to a certain extent influences the
result and therefore the length of the cable should
not exceed about 18 feet. If the third wire con-
necting the frame “3”’ to the pin “38" i replaced
hy a metal conduit enclosing the wires ‘71" and
“2” the connecting cable can be much longer.
If an earth connection to the frame is provided,

<~f/au.r/'nj

FI1G. 6 — THE EQUIPMENT FOR AN ELECTRICAL
VACUUM CLEANER

the earth-connecting wire must be attached to
“8 of the socket. If “zero’ connection of the
frame is specified, the condensers (', in Fig. 4
and Fig. 5 simply are replaced by connecting wires.

In Fig. 3 and Fig. 4 series windings are shown
connected between the brushes and the line.
This is done to emphasize that in this case the

PR
—. = ]
e ~ j_f'we
” ) : {C‘
/ ]
™ e -%—Pwe

FIG, 7~ AN EFFECTIVE ARRANGEMENT FOR
MOTORS OF LARGER POWER

Fuse
Cz %*‘
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Fwe.-é‘
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O
et

condensers shall not be connected directly to the
brushes but to the ouler terminals to which the supply
wires are attached.

Since the chief point to be observed in pre-
venting the radio disturbances is to unite the two
opposite electric charges carried by the two waves,
in certain cases it will be insufficient to connect
condensers between the conductors and the motor

frame. If, for instance, the motor shaft is electri-
cally connected to other metal parts outside the
motor, ecither directly or through a clutch, it is

K

K
£ 2 L g 2
[l I
A ~ WRONG B-RIGHT
L L
/ o z i E% 2
-——\.QUJ-‘ z J\Mﬂ/ 1t
D-RIGHT
C - WRONG (For heavy current)

FIG. 8-~ RIGHT AND WRONG CONNECTIONS
FOR KEY-CLICK AND SWITCH-CLICK
ELIMINATION

The circuits b and d are patented in some countries.

neeessary to connect such parts electrically to the
motor frame and thereby to the condensers (Fig.
2). The electrical connection through the bearings
of a running motor is usually quite inadequate
for this purpose and represents a capacity com-
hined with a great resistance rather than a short-
circuit connection. If the motor frame does not,
totally enclose the armature and if foreign metal
parts are present near the motor, it may happen
that a fraction of the wave entering the armature
does not reach the frame as was supposed in Fig,
2, but crosses the air gap and reaches these foreign
metal parts outside the motor. In this case those
metal parts also must be electrically connected to
the frame and thereby to the condensers.

The equipment of an electrical vacuum cleaner,
in which these points have been taken into con-
sideration is shown in Fig, 6. In the first place the
motor and all parts attached to it are insulated
from the housing. Secondly, the fan case is
electrically eonnected to the motor {but not to
the housing), and the commutator end of the
motor carries a metal cover connected to and
attached to the motor frame; the frame, the fan
case and the cover together forming a complete
electrostatic enclosure containing the armature
and fan. Then the radio disturbances will be
completely prevented by means of the two con-
densers, C, connected between the supply wires
and the metal enclosure. The cover may consist
of metal netting of sufficiently fine mesh; and in
the fan case there must be openings for the
passage of the stream of air. The metal covering,
therefore, must be shaped in such a manner that
electrostatic lines of force issuing from the arma-
ture, the shaft, and the fan, are not allowed to
penetrate the opening and reach the housing, but
are picked up by the metal enclosure. (The
openings may simply be covered by netting.)
Since the housing is insulated from the motor
there will be no possibility of any inconveniences
in the way of personal danger or felephone
interferences as mentioned above.
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CONDENSER SIZES

To ensure a practically complete prevention of
radio disturbances under all circumstances, it is
advisable to provide condensers of 0.1 ufd. for
all small motors. For larger motors, from 5 h.p.
to about 20 h:p., condensers of 1 ufd. are recom-
mended. For still larger motors condensers alone
generally will not suffice, but high-frequency
coils must be inserted in the conductors between

DG

®

(TTITTTVTY)
ITLEY Kz
1] 11
AC. AC.
@) b

FIG. 9 — HOW CHOKES AND CONDENSERS ARE
UTILIZED TO ELIMINATE THE INTERFERENCE
CAUSED BY A TELEPHONE RINGING MACHINE

The connections shown at b are patented in some
countries.

the terminals and the point where the condenser
connection branches off, Fig. 7 shows a practical
arrangement. L-L are the high-frequency coils and
(-C, are condensers coupled to the frame, ete., of
the motor. Cs-C; are condensers coupled tothe con-
ductorsatadistance of 18t0 36 feet from the motor
and connected to any appropriate metal body
present, for instance an earth plate (if located near
the ground) or to metal parts of the building.

KEY AND SWITCH CLICKS

In Fig. 8 is shown the simple case of a key K
eonnecting two wires “1” and “2” of different
potentials. The operation of the key will cause
two waves of opposite sign to travel on to the two
wires. (The wires are imagined very long.) A
simple connection of a condenser € in parallel
to the key, as shown in Fig. 8a, is an incorrect
arrangement. The right connection is shown in
Fig. 8b, where the high frequency coils L-L are
introduced into the main circuit and the con-
denser C is connected in parallel, not to the key
alone, but to coils and key as a whole. In a great
number of practical cases the connection of
Fig. 8b will be extremely useful. In telephony and
telegraphy a suitable value of the coils will be:

L=0.0001 henry and C=1.1 microfarad.!

1 Tests with this arrangement as the key-click filter on an
amateur transmitter seem to indioate that larger inductance

values are more effective, 0.1 henry (100 mb.) for example.
— JiDITOR,

The arrangement of Fig. &c is much less effec-
tive than the one of Fig. 8b. To attain the same
result with the eircuit of Fig. 8¢, the self-in-
ductance of the coils must be many times greater
than in the arrangement of Fig. 8b; for instance,
100 to 300 times greater.

In the circuits for heavy current the self-
inductance of the coils L, Fig. 8b, may be chosen
smaller and the capacity of the condenser ¢’
greater, the product remaining the same. Further,
the conductors “1”” and “2” must be connected
more directly to the condenser terminals to avoid
the fall of potential in the connecting wires to the
condenser, ag shown in Fig. 8d.

An application of the prineciple in a more
complicated case is shown in Figs. 9a and 9b.
Fig. 9a gives the diagram of connections of the
so-called “alternator” (ringing machine), an
apparatus transforming direct current as supplied
from service maing into alternating current {of
about 16.6 periods per sec.) to be used for calling
purposes in telephone exchanges. This apparatus
is the cause of serious radio interference. In Fig.
9b is shown the addition of the high-frequency
coils 1,7 2,7 “3,” and 4’ and the condensers
“5" and “6,” which together with the condenser
K that is already present, successfully eliminate
the disturbances from this source. The principle
of the connection is as follows: In all conductors
leading to the contact pieces coils are inserted as
near ag possible to the contact-piece; and the
outer terminals of the coils are interconnected
by means of condensers.

A GENERAL METHOD FOR LOW-TENSION APPARATUS

A general method applicable in all cases where
difficulties have arisen is shown in Fig. 10. The
apparatus that causes radio disturbances is sur-

Disturbing m‘i—’-
Apparatus Q00080
ITINVES

FIG. 10 — ILLUSTRATING THE GENERAL METH-
OD APPLICABLE TO LOW-TENSION APPARATUS
This is patented in some countries.

rounded by a complete metal shield, high-fre-
quency coils are inserted in all conductors passing
to and from the apparatus, and condensers are
connected between points of the conductors out-
side the coils and the metal shield. In Fig. 10 the
coils and condensers are supposed to be com-
bined, forming a special apparatus that can
be added to a disturbing apparatus already
present. The metal shield should not fit too
closely around the disturbing apparatus.

As the insertion of condensers generally in-
volves the creation of oscillation, care must be
taken to prevent electromagnetic induction be-

(Continued on page 23)
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Silvering Electrodes on Quartz Crystals

By George S. Parsons*

work in the Department of Chemistry of the

University of California, involving the use
of erystal-controlled oscillators, it oceurred to the
writer that the application of a silver surface to
the quartz crystal might prove useful, The crystal
was ““thin’” cut, having a frequency of about
3500 ke. After polishing with No. 600 carborun-
dum, it was washed with carbon-tetrachloride
and silvered by the Brashear process, which will
be described in detail later. The edges of the
crystal were then polished with fine carborundum
in order to prevent contact between the two
opposite silvered faces. The results proved to be
all that could be expected. The crystal, when
placed in a conventional crystal holder consisting
of two polished brass plates, oscillated freely,
giving quite as much power output as was ob-
tained from the same crystal and holder before
silvering. The crystal was then removed from
the holder and connected in the circuit by means
of two small wires pressing lightly against the
silvered surfaces of the crystal. In this case the
crystal oscillated even more freely and gave a
‘considerably larger power output than could be
obtained from a crystal when used in a conven-
tional holder. For this reason the writer believes
the process to be well worth the trouble involved
“in applying the silver surface.

It is probable that the higher power output is
due In part to the excellent contact between the
metal surface and the crystal, and in part to the
fact that the silver surfaces are very thin and
light. Consequently the crystal is obliged to do
but very little mechanical work in vibrating,
certainly much less than when used in a holder
with comparatively heavy brass plates.

The method of applying the silver is as follows:
The crystal is washed with carbon-tetrachloride
to free it from grease and dirt. It is then placed in
distilled water until the silvering solutions are
ready for use. The silvering solutions, two in
number, are made up as follows: Dissolve 1 gram
of silver nitrate in 150 ce. of distilled water and a
dilute solution of ammonia, until the brown
precipitate which forms is nearly, but not quite,
dissolved. To this solution add 0.5 gram of
potassium hydroxide which has been dissolved in
25 ¢e. of water. The solution will turn dark brown
in color and ammonia again must be added until
thig second precipitate is nearly dissolved. The
solution must not be clear, as it will become if
too much ammonis solution is added. In case, by
accident, oo much ammonia solution is added,

IN CONNECTION with certain research

* 2717 Derby 8t., Berkeley, Calif.

the trace of brown color can be restored by adding
a little silver nitrate solution. The crystal is now
placed on edge in a clean beaker, with one rim of
the erystal leaning against a wall of the beaker.
This will enable the solution to come in contact
with both sides of the crystal, which is quite
important. The above solution is now poured into
the beaker, care being taken to prevent the
crystal from falling flat in the beaker.

Reducing solution: Dissolve 8 grams of cane
sugar in 70 ce. of distilled water; add 18 ce. of
ethyl alcohol and 0.3 ce. of concentrated nitric
acid dissolved in 15 ce. of distilled water. This
solution should be allowed to stand for at least a
week before using. To the solution in which the
erystal is placed, prepared as described pre-
viously, add about 15 cc. of the reducing solution
and permit the mixture to stand for a few min-
utes, until a brownish grey film collects on the
surface of the solution. The liquid may then be
poured off and the crystal washed and dried.

Nore. — A relatively simple silvering formula
with which we have had excellent success follows:

Dissolve 24 oz. (4.7 gm.) of silver nitrate in 1
pint of distilled water. Put one quarter of this
solution to one side and treat the remainder by
adding concentrated ammonia (with an eye-
dropper). The solution will turn dark at first but
will eventually clear to a light straw color. At
this point add the reserve one-fourth of the origi-
nal golution. For the reducing solution, boil
1/20 oz. (1.4 gm.) Rochelle salt in 1 pint of
distilled water for a minute or 8o, then add slowly
1/20 oz. (1.4 gm.) silver nitrate. Boil again for 2
minutes. After standing ten hours or more, both
solutions should be filtered. Equal quantities of
the solutions are poured together immediately
prior to immersion of the object to be silvered.
Before silvering, a vigorous swabbing of the
erystal with nitric acid, followed by a very
thorough washing in pure water, is suggested. —

Ebprror.
B Strays "

A newspaper clipping sent in by WOBXT re-
ports one of the rather rare cases of electrocution
from a 110-volt circuit. The victim apparently
had been making repairs to an extension cord
with damp hands, and an accidental shock was
enough to cause death. Although no serious
effects will be felt by the average person from
110-volt shocks, it does pay to use reasonable
care in handling such cireuits.
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'Phone Operator’s Examination Ready

Department of Commerce Arranges to Certify Operators for ““Unlimited”

Amateur ‘Phone Operation

By K. B. Warner, Secretary, A.R.R.L.

Radio Division of the Department of

Commerce has announced the procedure
for the qualifying of operators for “unlimited”
amateur 'phone operation after April 1st. They
will examine and certify operators for this pur-
pose beginning February 1st.

It wou't hurt a bit to review here what this is
all about. Until 3 o’clock a.m., E.S.T., Apri}
1st, the 'phone bands in this country vpen to
every licensed amateur are ag follows:

31,715 to 2,000 kilocycles
3,500 to 3,550 «
56,000 to 60,000 “
In addition to this, amateurs who show special
technical qualifications are currently permitted
to operate ‘phone between 14,100 and 14,300 ke.
Effective 8 o’clock a.m., E.8.T., April lst, the
'phone bands are changed and are divided into
two classes, one class open to every licensed
amateur and the other open only to operators
who have specially qualified. The bands open to
every amateur are:
1,875 to 2,000 kilocycles
56,000 to 60,000 “
In addition to these bands, stations operated by a
person who holds an operator’s license of a grade
approved by the Secretary of Commerce for
unlimited amateur radiotelephone operation may
use the following bands:
3,900 to 4,000 kilocycles
14,150 to 14,250 “
The Department of Commerce now announces

TRUE to our prediction of last month, the

a special examination for operators and states.

that the Supervisors will put an appropriate en-
dorsement upon the operator’s license of all per-
gons who pass it or who otherwise qualify -~ and
details of the latter business are also announced.
We quote their letter of instructions to the
Supervisors:

DerarruENT OF COMMERCE
RADIO DIVIBION
WasHINGTON
January 14, 1932
All Supervisors of Radio:

Your attention is directed to the amended amateur regula-
tions, particularly the regulations relative to the operation
of radiotelepbony under paragraphs 376 and 377 of the
Federal Radio Commission’s rules and regulations which
provide that the station shall be operated by a person who
holds an operator's license of the grade approved by the
Secretary of Commerce for unlimited amateur radio-
telephone operation.

In order that the representatives of the Secretary of
Commerce in the field may ascertain whether an applicant
for the privilege of unlimited 'phone operation is qualified
for such privilege, a special examination will be given,

To be held eligible for this examination, an applicant must
have the following qualifications:

(2} Have had at least twelve months’ vperating experience
under any elass of operator's license, excepting radio-
telephone operator’s license.

(b) Applicants holding unlimited broadeast operator’s

license may be given this privilege withouf examination

because of their having passed a similar examination to
receive their present license.

Holders of broadeast limited licenses may be given this

privilege after having passed the regular amateur code

test,

(d) Operators who have qualified under previous regulations

to operate in the 20-meter 'phone band may also be

given this privilege without examination.

In the case of amateurs operating under a temporary

amateur operator's license, evidence must be submitted

that they have operated amateur stations for a period
of at least one year.

The following phrase will be typed on the face of the oper-
ator's license after he has passed the examination or qualified
as indicated above:

*“The holder of this license examined and certified for
unlimited amateur radiotelephone operation under
Federal Radio Commission Regulation No. 377,

Date ............
Examining Officer vovevrnrerinronannss

Applicants for unlimited phone operation residing at
remote points may be given this examination by mail, but
only after the applicant has submitted conclusive proof that
he has operated a radio station for a period of at least vne
year.

This supplementul examination may be given at any time
after February 1, 1932, in order that all of those desiring to
be qualified for unlimited phone operation may be prepared
for this privilege when the Federal Radio Commission’s
regulation becomes effective, April 1, 1932.

There will be submitted to you under separate cover a
supply of questions to be used in this examination,

W. D. TERRELL
Director of Radio

>

(¢

(e

_ WHAT TO DO
If you are eligible and want to operate 'phone
in the “eighty- and twenty-meter” bands after
April 1st, communicate at once with your Super-
visor of Radio and ask to be given the special
examination (or, if you are already qualified, to
receive the special endorsement upon your
license). If your location is distant from his office,
vou’ll probably get the examination by mail; if
you are within reagonable distance, you’ll have to
appear in person. You must get the new authority
before April 1st, or thereafter confine your ‘phone
operation to the 1875-ke. and 56-me. bands.
Regarding subparagraphs (b) and (¢) of the
(Continued on page 86)
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An Effective _Power-Type Frequency
Multiplier

By H. S. Keen, W2CTK*

YRYSTAL-CONTROLLED transmission
C for the higher frequency amateur bands
is made possible by following a relatively
low-frequency crystal oscillator with a system
of frequency multipliers that excite the final
amplifier, Because of the harmonic relationship
of the ham bands, the multiplier usually consists
of one or more doublers, depending upon the re-

FEme,

0SC.

excited at a given frequency, while the plate tank
is tuned to some harmonic multiple thereof,
usually the second or third. Attempts to quad-
ruple the frequency in a single stage are, as a
rule, not entirely successful, because the greatly
diminished amplitude of the higher order
harmonics. The primary object in frequency
multiplication is distortion of the wave form.
In practice this is accomplished by adjust-
ment of the grid bias. In a fairly high-C'

-8

+8

FIG. 1.-~DOUBLING IN THE PLATE CIRCUIT
OF THE OSCILLATOR

spective frequencies of the crystal oscillator

) L 10 Zpeio tank the circulating current is nearly sin-
At Sme. 3 A= usoidal in wave form, although the plate
Tas current of the tube is quite irregular.

When using a low-C' tank this wave
form is not “ironed out” to the same degree as
by a high-C' tank and, consequently, the har-
monics present in the output are more pro-
nounced. Thus we see that the tank circuits of
frequency multipliers should be low-(,

One scheme -of frequency quadrupling (for
which I am indebted to W1RW) filters the second
harmonic out of the very irfegular oscillator plate

0sC. MULTIPLIER

I
and output amplifier. An “odd” erystal that . |10 L
permits tripling to the desired band is some- : A1
times used, on the 14-me. band in particular, 2 kr] ™
to reduce the number of multiplier stages re- = "
quired. This has the disadvantage that the n
erystal is useless on the lower frequency bands, , a’:‘f
hence the widespread use of the doubler. In . 18ov.
our own case a quadrupler was desired to T 7B
_osc " MULTIPLIER FIG. 3.— A PENTODE FREQUENCY MULTL
10 ] 19 T PLIER WITH BOTHPLATE AND ACCELERATOR
% - L » GRID CONNECTED TO THE TANK CIRCUIT
. RFC = gw
g current. As shown in Fig. 1, a tank resonating
= T " at the second harmonic of the crystal fre-
T It e quency is placed in series with the regular oscilla-
oo LI ————+8  tor plate tank, at the low potential end, enough
R . ot r.f. at the second harmonic frequency being ob-
T s tained to excite an orthodox doubler. Thus by

FIG. 2.— A  MORE EFFICIENT DOUBLING
ARRANGEMENT

The grids of the doubler tubes are in series, across the
oscillator output circuit, and the plates are in parallel.

control a 14-me. ’phone and, if possible, to supply
enough *“kick” to excite the Class C amplifier
directly, using a 3.5-me. crystal.

In the usual frequency multiplier the grid is

#1330 K. 28th 8t., Brooklyn, N. Y.

using two tanks in the oscillator plate circuit,
we have eliminated one doubler tube. The final
output may be sufficient-to excite a low-power
amplifier.

A POWER DOUBLER

As an effort to quadruple directly, the circuit
of Fig. 2 was set up. This circuit is inherently
a doubler. The odd harmonics, including the

fundamental, are largely eliminated, the output
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being mostly of the second harmonic frequency.
This method of doubling is not entirely dependent
upon distortion of the wave form. It is evident
from an examination of the cireuit that each tube
handles one alternate cycle of the output, the
efficiency being beiter than that obtainable in
the usual doubler, particularly with triode tubes.
It seems that for the chap using & couple of
Type ’10 tubes, one as a doubler and one as an
output tube, this circuit offers an alternative

well known Hartley circuit, with the aceelerator
grid replacing the control grid. No tendency of
this circuit to self-oscillation was observed during
any of the tests. The r.f. voltage obtainable at the
plate was considerably increased by moving the
tap “X” from the accelerator-grid end several
turns toward the plate end of the coil. The great-
est improvement was obtained when the portion
of the coil tapped off for the sereen grid was from
one fourth to one third of the entire coil. The
adjustment was not very critical.

In order to apply bigher voltages to the

osc, 3.5m¢ " MULTIPLIER M.
v L3 C}' P Ls..If‘ C/ar_fc
a7 ¢ - 41 o
Ry L 2L, R o — ~o+450v
- 2 = +11.5v
» &l
E Ry Ry
£07¢,
s c:"fl
3 ), Z -
300V. A5V,
- +
T I ~450V.

-2A5V.

FIG. 4.—-THE CIRCUIT IN ITS FINAL FORM. PENTODES
ARE USED FOR BOTH OSCILLATOR AND DOUBLER

STAGES

Ly ~ 30 turns No. 22 d.c.c. on 1 Y-inch diameter bakelite

former. No spacing between turns.

L; — Wound on 1 Yg-inch diameter bakelite former Plate
section, 10 turns No. 16 enameled wire spaced
slightly more than diameter of wire; s.g. section,
4 turns wound in same fashion. Spacing between

coils same as spacing between turns.
s ~— 14 turns, similar to La
C ~— 50-ppfd. midget variable condenser,
Cyg~— 50—pufd variable.
Cs— 0.01-pfd. mica type by-pass condensers.
Ce— 0,002-pfd. mica type.
Cg = 200-gufd. mica type.
Cs ~=— 50~ppfd. variable.
Ri~— 100,000-0hm 3-watt resistor.
Ra — 50,000-0hm 3«vatt resistor.
Ri— 20-0hm filament center-tap resistors.

scheme which would eliminate one tank eircuit
as well as the need of any neutralizing. Each
tube acts as the neutralizing capacity for the
other. When the attempt to quadruple the origi-
nal frequency was made the circuit began to “act
up” and perform erratically, probably because of
some r.f. wandering around where it didn’t belong.
Therefore it was shelved as a quadrupler prospect
until the opportunity presented itself to give it
an overhauling and make it behave.

The '47 pentode, with an extra grid or two
handicap over the triode, was the next con-
sideration. A scheme resembling the electron-
coupled oscillator of a recent issue of ¢gST was
tried,! the fundamental-frequency tank being put
in the sereen grid lead and a second harmonic
tank in the plate lead. The results were rather
disappointing, and the arrangement was dis-
varded.

It appeared that the screen grid instead of
being maintained at ground (r.f.) potential
eould be incorporated actively in the circuit. To
test this scheme the circuit of Fig. 3 was set up.
It ean be seen that the plate tank resembles the

191 I2)ow “Blectron-Coupled Oscillator Circuits,” @87, Jan.

plate of the multiplier, the circuit was
altered to the final form shown in Fig. 4.
All coils were wound on the small bakelite
forms used in b.c. receivers and were tuned
by midget condensers. An important pre-
caution to insure effective operation is to
provide adequate by-passes to keep the r.f.
in the tanks where it belongs.

As a doubler this arrangement was very
effective and the output fell off only
slightly on the third harmonic. The fourth
harmonic, somewhat less pronounced than
those of lower degree, turned out sufficient,
to satisfy the original requirements. There
was enough excitation for a Type ’10
as a Class C modulated amplifier. A flash-
light bulb in an absorption ecircuit regis-
tered a fair kick when the output circuit
was tuned to the fifth harmonic of the
crystal oscillator, giving further evidence
of the frequency multiplying capability of
this arrangement.

The ’47 pentode thus shows itself to be
not only an excellent crystal oscillator
tube, but also probably the best of the low
power tubes as a frequency multiplier.

e Strays Ky

W2ADG, who hasg never even listened in on 20,
much less operated a transmitter there, has
nevertheless received QSL eards from four
continents acknowledging QS0’s on that band.
Now he wants to know if the guy who is using
bis call won’t please work an Asian — 0 he can
apply for a WAC!

-— WaTy

Eliminating Interference Caused by
Electrical Equipment
(Continued from page 19)5

tween the circuits and the condenser counections.
Thusin Fig. 10 the wire connecting the two metal
shields must be short and must be kept at a
certain distance from the other conductors; or it
must consist of n metal conduit containing the
other conductors, in which case it may be made
longer.
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A Change in ARR.L. QSL-Card Service

Heavy Increase in Foreign Listeners’ Cards Makes Necessary Policy of

Forwarding Only QSO Cards, Effective April 15th

By A. L. Budlong, Assistant Secretary, A.R.R.L.

little acorns doing their stuff and becoming

great oaks couldn’t have known of the

growth of the AR.R.L. QSL-card forwarding

gervice, or he would have added a fervent * —
and how!”’

The acorn, in this instance, made its appear-

ance in early 1924, just after international ham

THE man who coined the phrase regarding

service has changed in many respects. For in-
stance, it originally was devoted primarily to
forwarding American cards to foreigners. To-day
it is just the reverse; foreign eards destined for
[Tnited States and Canadian hams make up 95
of the traffic. These cards are shipped to us in
bulk from foreign countries at low rates of postage
and necessitate the application of American post-

radio became an actuality, and
manifested itself in the form
of the first letter of its kind
ever received at Headquarters.
The letter enclosed a QSL card
hearing the call of a foreign
ham, explained that the writer
had no way of obtaining the
address (there were no inter-
national callbooks and many
foreign amateurswerereluctant
about sending their addresses
over the air) and asked if we
could forward the card. We
could and did; before the year
was up perhaps several hun-
dred such eards had been han-
dled. So much for the acorn.

Now for the oak: Last year,
the League’s card-forwarding

_Eight vears ago the League’s
{)SL-card forwarding bureau was
inaugurated as a serviceto amateurs
who ‘wished to exchange a card
with some station they had worked
but whose address was unavailable.
To-day the League receives tens of
thousands of cards annually,

number increasing at so rapid a
rate during the past year as to im-
pose a severe load on the Head-
quarters facilities, necessitating the
hiring of additional help for this
work alone, In an effort to case
what is becoming a painful burden
the League has decided that begin-
ning April 15th it must decline to
forward so-called listeners’ cards
(which are mainly responsible for
the increase and now constitute
50% of all cards received) and will
forward only cards celating to
actual QSO’s. Tt is boped that this
step, plus the codperation of all
amateurs in forwarding cards
direct whenever possible, will
make it unnecessary to inangurate

age before they can go further
-------- which explaing the state-
ment that the League pays the
final postage on most of the
cards handled. However, we
are not contemplating any
changes here, since its just as
much a service to our American
hams to forward eards to them
as from them and since no
workable arrangement has
heen devised to collect postage
from the foreign senders.*
There’s another big differ-
ence in the character of the
service, too. It was started for
the purpose of forwarding cards
in cases where the address was
unknown; we practically never
received cards if the call was

service handled upwards of
50,000 eards, at an estimated

any fucther changes.

listed in current callbooks.
And when you stop to think

~—EDITOR

cost for labor and postage
(which is paid by the League 95%, of the time)
of some $2000! Qur normal card-forwarding
personnel had to be augmented by overtime on
the part of several other girls, and eventually
required the hiring of still an additional full-time
girl for this work alone. And the prospect for this
year is even worse; in fact, gang, it’s sufficiently
serious to necessitate consideration of a change
of some sort in our forwarding service if we are to
avoid not only taking the goose for a ride but
busting the golden egg in the bargain. In other
words, card forwarding has now reached the
stage where it is practically hopeless for head-
quarters to cope with it with our existing facili-
ties. We must do something to reduce the load
and we bhelieve the decision to forward only cards
relating to actual QS0’s will do it without im-
pairing the service for which the department was
really created.

In going over the situation, one of the first
things we discovered was that the nature of the

of it, that really is the princi-

pal reason for the existence of a forwarding
bureau. But alas for theory! To-day, 98%
of the cards which come to us are for sta-
tions whose addresses are listed in any one of
several callbooks. In fact, there is evidence that
some of the card senders possess such callbooks,
since quite a few hundred of the cards we handled
last year had the full addresses written out for
our convenience so that all we had to do here
was to attach the necessary postage! and drop
them in the mailbox. Under such circumstances,
it wag natural that one of the suggestions we
considered for reducing the load would be to make
a rule that cards could not be forwarded where
the calls are listed in a callbook. But for various
reasons we abandoned that idea, too, and for the
i In connection with forwarding poatage, we acknowledge
with appreciation the habit of most American hams in
enclosing necessary stamps for forwarding (which should
not be attached to the cards, by the way) and for those

others who voluntarily reimburse the A .R.R.L. at times for
poatage on foreign cards forwarded to them by the League.
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time Dbeing, at least, will continue to forward
eards regardless of whether or not the calls are
listed.

The third point of differcnce, and the one in
which we are reluctantly compelled to establish
a new policy, concerns the nature of the cards.
Where most of the cards used to have reference
to actual contacts, some 25,000 cards last year
(approximately 509, of the total) were “listener”
cards, not bearing on actual two-way work, but
merely reporting the interception of the signals
of the amateur to whom the card was addressed.
Most of these were from foreign listeners. As
most American hams are aware, it is not so easy
for amateurs in many other countries to operate
transmitters, either for legislative or economic
reagons, or both. The result has been the growth
of many hundreds of “short-wave receiving
stations’ whose operators nightly comb the air
for DX. Unfortunately for our QSL bureau,
however, they also nightly address cards by the
thousand reporting such “ealls heard,” and it is
this type of card which is badly clogging up our
whole QSL system. Much as we regret the neces-
sity for doing it, we feel that in putting some
change into effect — and: we simply must do
something if we are to continue s QSL bureau at
all— we should start here. Consequently, be-
ginning April 15th the A.R.R.L. must decline
to handle such cards.

We embrace the fond hope that most thinking
hams will approve this decision. Bear in mind
that this will not make it impossible for foreign
listeners to send cards to U. 8. and Canadian
amateurs. Were this so, we would have to con-
gider something else as a means for relief, for we
appreciate and value the hard work of these lis-
teners in reporting American signals. But as we
bave already said, the call of practically every
U. 8. and Canadian amateur for whom we have
been getting these “listener” cardsis listed in the
callbook 2 and our listening friends abroad need
only purchase a callbook in order to have instant
access to the addresses of 999, of the stations they
log. And doesn’t it seem reasonable that if a lis-
tener is seriously interested in his work of sending
cards, he would be willing to buy a callbook and
address his own cards? 3 We think so.

In closing this squib, some incidents in the
daily grind of the QSL department may be of
interest. One is that our bureau always gets
heavily overloaded after each international con-
test; frequently we receive as high as 1500 eards

? Radio Amateur Call Book Magazine, price $1.00 ($1.25
foreign) may be obtained from the publishers at 608 S.
Dearborn 8t., Chicago, Illinois, U. 8. A., and contains
walls of United States, Canadian, and most foreign amateurs,
Amateur Radio Stations of the United States, 2 list of United
States amateurs only, can be obtained from the Govern-
ment Printing Office, Washington, D. C., for 35 cents (coin
vr money order only). .

% T'he busineas of buying and using a callbook is an equally
swell idea for the tranamitting amateur, too!

a day. We're getting so we positively dread each
contest announcement that emanates from the
Communications Department! Then there are
the foreign hams who send us cards that are
intended for other foreigners (we get dozens of
them) and we can recall at least one ham abroad
who sent us a card to be forwarded to a station
in his own country! Many foreign amateurs
who have had an exchange of cards with some
American ham, and are thus in possession of his
name and address, nevertheless continue to use
the QSL bureau for the exchange of additional
letters, postcards, photographs, ete., with the
station in question. Nor must we forget the
American ham who wrote in one day sending us
& batch of cards representing his QSO’s over a
period of six months, naively explaining that he
was unable to afford the postage but trusting
that, inasmuch as he was a member of the League,
we would buy the necessary postage for him. We
computed the postage bill and found it came to
nearly $3, which strikes us as a pretty darned
good return on a $2.50 membership investment,
congidering that our friend got QST for a year,
in addition. Needless to say, we could not estab-
lish any such precedent as this, and therefore
had to decline.

The crowning incident, however, oceurred last
fall when we received more than 1000 cards in
one hatch from a gsingle foreign ham with the
request that we put on the necessary postage and
addresses and forward them. The cards started
in at W1AAA and proceeded alphabetically from
there on. Not one related to a QSO. For that
matter, examination showed that not one of
them even reported hearing the signals of the ham
to whom the card was addressed. The sender
simply wanted to exchange QSL cards with
American amateurs; he promised ug another
couple of thousand ag soon as he could get them
addressed — he’d only got as far as the first
district with the initial batch! Well! When the
two girls in our QSL department got that batch
they fainted dead away for twenty minutes,
which not only was rough on the girls but de-
layed our card forwarding to the extent of some
dozens of eards, 1t is only fair to add that the
ham in question was extremely nice about it
later and eventually recalled the cards, but it
just goes to show what this QSL forwarding
business may lead to.

S Strals Y

Ever hear the one about the would-be ham
taking the exam, how, when asked by the R. 1.
what is meant by emitting harmonics, replied
that we shouldn’t use profane language over the
air and should work in harmony with each other?

— W6KX
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The First Filter Choke—Its Effect on
Regulation and Smoothing

By F. S. Dellenbaugh, Jr., and R. S. Quimby*

like a sawmill. The anglogy goes further

as well. The first cut in a sawmill rips off
the slabs and roughs out the log to its final shape.
Further finishing operations each take a smaller
and smaller glice. Ultimately the mahogany log
of Honduras may become the highly polished
piano or radio console. In the same way the first
filter section roughs off the rectified a.c. and does
the higgest job of trimming down the ripple to
suit the exigiencies of the

Q- POORLY smoothed power supply sounds

minimum. Therefore let us set down the eriteria
for a first choke and see how near we can come fo
the ideal by special design.

1. The first choke will control regulation. For
this purpose it must always have an inductance
greater than the critical value; that is, very close
to the load resistance in ohms divided by 1000, the
quotient being henrys.

2, The first choke will control peak current in
the rectifier. For this purpose maximum output

allowable will be obtained

associated apparatus. It sel-
dom requires polishing
down as far ag furniture, but
added filter sections, like
added woodworking opera-
tions, can be made to reduce
ripple to almost any desired
degree. As a result of this

‘This article is 2 continuation of the
authors® discussion of high voltage
filters that began in February QST,
that article being essential to the
proper understanding of the one here-
with, The next of the series will ap-
pear in an early issue. — EDITOR.

when the choke has twice
the critical inductance. ‘This
value will be referred to as
the “optimum inductance.”

3. The first choke will
contribute to smoothing.
For this purpose it must not
introduce harmonies or in-

somewhat violent hacking

off of ripple, it is found that the first choke of the
usual type of filter used with Type'66 rectifiers has
a very high a.c. potential across its terminals.
“Very high” is used in the sense that this voltage
may amount to sbout half the output voltage,
while succeeding sections usually operate with a
very low percentage of output voltage appear-
ing as a.c. across the choke terminals.

For example, in the cireuit shown in Fig. 1,
operating at 1200 to 1400 volts d.c. across the
load, the a.c. voltage across the first choke (from
terminal to terminal of the choke winding itself)
ran from 700 to 760 volts a.c., r.an.s. value. This
voltage rises gradually as the load is increased,
but in general may be assumed as about half the
terminal voltage without serious error.

The inductance of a choke, for a given amount
of d.c. polarizing current, is materially increased
if the a.c. flux component is increased. (Provided
that the sum of the d.c. and a.c. Huxes does not
saturate the core.) This fact can be taken ad-
vantage of in the design of the first choke, result-
ing in economy of material, improved smoothing
and, best of all, much improved regulation. It
was shown in a previous article in @ST ! that the
first choke has a critical value. If the inductance
is greater than this critical value the output
voltage becomes the average voltage of the ree-
tifier output, “soaring” at low loads is avoided
and the peak current in the 66 tubes is held to a

% President and Engineer, respectively, Delta Mfg. Co.,
Cambridge, Mass.
t Dellenbaugh and Quimby, QST, February, 1932,

stability, and must not reso-
nate with the first condenser.

4. "t'he first choke must adjust itself automati-
cally to all Joads. The desirable range will be
from the “optimum value’ at maximum current
(minimum load resistance) to the ““critical value”
at minimum current (maximum load resistance).

CHOKE DESIGN

For discussion let us consider the ecircuit shown
in Fig. 1, supposedly delivering 1000 volts d.c.
to a resistance load. Regulation will be neglected
for the present. A maximum current of 500 ma.
will be considered as a safe overload limit, above
the largest desired output. The minimum current
will be taken as 50 ma., being either the bleeder
current on & keyed cireuit or the least probable
current with a *phone eircuit. The range of the load
resistance, therefore, will be 2000 to 20,000 ohms.
Dividing these values by 1000, the limits of criti-
cal inductance are seen to be 2 and 20 henrys.
But at the maximum load we want to be sure to
reduce current peaks in the '66 tube, so here we
must use the optimum value or 4 henrys.

Fig. 2 shows the limiting values of inductance
below which we must not trespass for good
operation. The eritical induetance is drawn from 2
to 20 henrys as a straight line direetly propor-
tional to resistance and inversely proportional to
vurrent. The optimum inductance is placed at
4 henrys at 500-ma. load, twice the eritical value.
At the minimum load of 50 ma. the desired in-
ductance can be the eritical value; but we want a

~ little leeway to be on the safe side, so 25 henrys is
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arbitrarily picked as giving 25%, more than the
least allowable. The upper straight line is then
drawn from 4 to 25 henrys, representing the
practical threshold above which the choke should
operate. The optimum value is only required at
the maximum load, for as the load falls off in
current — even though the ratio of peak to
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FIG. 1 ~—~ CIRCUIT DIAGRAM OF ARRANGEMENT USED

FOR TESTS

average current increases in the rectifier — the
actual peak will not rise above the full load value.

It is well known that increased d.c. will reduce
theinductance and that proper air gap will control
such reduection in any given choke. Increased a.c.
ripple through a choke will, as already mentioned,
increase the inductance. The problem of design
in the first choke is, then, to apportion the
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FIG. 2-- CRITICAL AND THRESHOLD VALUES
- OF INDUCTANCE
Output voltage about 1000, current range 50 to 500 ma.

various parts so that the inductance will swing
through the desired range. The air gap must be
adjusted to the d.c. polarizing force so that the
inductance will neither be almost lost at high
currents nor flattened out to such an extent that
inadequate inductance will result at very low
currents.

Tig. 3 shows the behavior of a satisfactory first
choke with different air gaps. The dotted curves
represent the inductance values tested with a
special bridge, the d.c. being as given at the bot-
tom of the curve and the a.c. component being
contributed by 1 volt a.¢. across the choke. The

inductance is measured in terms of the very small
current resulting from this 1 volt a.c. impressed,
and the resulting inductance values represent
the minimum that will be obtained under almost
any conditions. It will be noted that each curve
touches the sloping straight line at a definite
point. This point of contact, or tangency, rep-
resents the proper air gap setting for the maxi-
mum inductance that can be obtained with
the particular core, winding, a.c. and d.c. for
which the curve is drawn. From this it is

evident that the curve for an air gap of 0.02

inch will give 4 henrys at 500 ma., but will

only rise to a value of about 10 henrys at 50

ma. This is the point where we begin to give

thanks for the large a.c. voltage across the
first choke, and before going any further this
effect upon choke behavior must be con-
sidered.
First look at Fig. 4. Here the increase of
inductance above the 1-volt value is shown. The
a.¢. voltage is about 600 to 700, the inductance
having been measured in an actual circuit similar
to Fig. 1 by means of a lot of trick blocking
chokes and by-pass condensers. Therefore the
accuracy of the results cannot be guaranteed, but
the general trend is close to actual facts. It will
be seen that the percentage increase of inductance
is greatest at low values of d.c. and falls off as
the d.c. increases. This tends to increase the
range through which the choke will operate.
Referring back to Fig. 3 this can be represented
by drawing straight lines parallel to the first
golid heavy one, as shown by dashed lines marked
“500 volts” and “ 1000 volts.” These will be more
or less parallel to the original line obtained from
the bridge tests, and the dotted-line curves of
inductance will rise towards these upper lines
as the impressed a.c. voltage approaches corre-
sponding values. They will, however, rise more
at the low current end than at the high current
end, as indicated by Fig. 4.

Taking the inductance curve for 0.01-inch gap
(Fig. 8) and raising the inductance by the per-
centages of Fig. 4, the high current end rises
almost to 4 henrys, while the low current end
rises to 25 henrys. Therefore it looks as though
this choke with a gap of about 0.01 inch would
perform just about as we want it to in an actual
circuit. The next thing is to try it and see what
happens.

COMPLETE CIRCUIT BEHAVIOR

“The choke discussed above is now placed in the
circuit of Fig. 1 and the first choke and the gap
adjusted until the desired results are obtained. .
Fig. 5 shows the inductance relations that actu~
ally oceurred. The current and ecorresponding
resistance values are shown at the bottom of the
curve. The two lines of critieal and threshold
values of inductance are repeated from Fig. 2 for
reference. The actual first choke inductance is
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shown by the solid heavy line. The best air gap
was found by trial to be 0.012 inch. This being a
little bigger than the value of 0.01 inch discussed
above, it resulted in the inductance heing a little
higher than anticipated at full load and a little
Jower at light load; but the criterion of main-
taining optimum induetance at full load and not
less than eritical inductance at minimum load
was satisfied.

The effect of other air gaps markedly different
from the best one is interesting. If the gap is made
wuch larger, the inductance flattens out and is
represented by the curve marked “Large Air
CGap” in Fig. 5. With this setting the inductance
crosses the line of critical inductance at about
160 ma., at the point marked “C.” Above this
value the regulation will be satisfactory, but for
smaller currents the voltage will begin to *“soar.”
This same inductance crosses the threshold in-
ductance at a little more than 300 ma. and so
protects the '66 tube by reducing peak current
at higher currents. Thus such & choke would be
satisfactory on a few counts, but not all.

If the gap is too small very violent instability
may oceur at some particular current range. The
inductance eurve of Fig. 5 marked “ Very Small
Gap” saturates and tends to cross and recross the
line of critical inductance at the points “A” and
“B.” As this point is reached when increasing
the load current slowly, the choke inductance
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Heavy line_is maximum inductance possible for given
current for fixed air gap. Straight dashed lines show
effect of increasing a.c.

drops below ecritical value, the output voltage
beging to soar and, consequently, the current
beging to increase. This increase in current
pushes the inductance still lower, with consequent
further voltage rise. At a higher current the
inductance again becomes greater than the
eritical; the output voltage finds itself up in the

air, too high for the instantaneous conditions, and
it collapses, the whole cycle repeating rapidly
over and over. The results-are very startling.
Everything hums violently, the load concentrates
almost entirely in one rectifier tube, the voltage
across the choke rises to a- higher value than
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FIG. 4—PERCENTAGE INCREASE OF INDUC-
TANCE FOR HIGH VALUES OF IMPRESSED A.C.

The a.c. voltage was approximately the same as en-
countered in actual circuit operation. The reference
inductance is that obtained by bridge methods with
rated d.c. and lwolt 60-cycle a.c.

almost any other voltage in the circuit. Increasing
the air gap scems always to cure the instability.
Apparently when such conditions exist the
magnetic cycle followed by the choke core devi-
ates materially from normal, a definition of its
inductance under the circumstances seeming to
be impossible. 'This horrible behavior is mentioned
as & warning againsgt too small gaps. But with the
correct characteristics shown in Fig. 5 the results
are entirely normal, stable and very advanta-
geous. With a keyed circuit this instability is not
encountered if the two currents, with key closed
and open, lie outside the unstable range. For
’phone operation the circuit ghould be tested
earefully for such instability to avoid its occur-
rence when actually on the air.

ACTUAL REGULATION

'The proof of the pudding is in the eating, This
discussion so far has attempted to build up the
reagson why and the designs showing how good
regulation may be obtained. Fig. 6 shows the
overall regulation actually obtained. The circuit
of Fig. 1 was used, the first choke being the one
described above and the condensers each 2 ufd.
The second choke was relatively small, although
it gave adequate smoothing, varying from about
5 henrys at full load to some 7.5 henrys at 50 ma.
These are actual measured values, certainly
accurate to better than 10%, and not nominal
name-plate ratings. The load consisted of tabular
slide-wire resistances. The power transformer was
specially designed for good regulation hut is in
no way abnormal or grotesque, being of about cus-
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tomary size and weight. The resistance of the two
chokes was also about normal, being 60 to 70
ohms each.,

The voltage drop is marked off (Fig. 6) for a
full load of 350 ma. as representing customary
amateur practice. The regulation curves were
carried out to the full current limit of the rectifier
tubes, however, to see whether the regulation
would break at overloads. The results with this
eireuit are obvious from the curves, which speak
for themselves, At a little less than 50 mas., where
Fig. 5 shows the first choke rapidly reaching the
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FIG. 5— INDUCTANCE OF SWINGING CHOKE
IN ACTUAL CIRCUIT

Critical and threshold inductance lines are repeated
from Fig. 2. The two broken line curves show the cffect
of too large and too small an air gap.

eritical value, the voltage beging to rise as is to
be expected. Since the previous article considered
only the filter circuit, it might be worth emphasiz-
ing that this regulation is actually the output
voltage with the complete ecircuit operating upon
anormal 115-volt 60-cycle supply line. The voltage
drop includes transformer regulation, tube drop,
choke resistance drops and any effects of changes
in wave shape with load.

Fig. 7 shows for comparison a filter eircuit
where the first choke has substantially constant
value. The circuit was exactly the same as before
except that the first choke was replaced by
another. In the upper curve a 8.5-henry choke
was used, with a very large air gap so that its
mducta.nce remained almost exactly constant.
This would reach the critical value at a2 load
resistance of 3500 ohms, or about 340-ma. load
current with the voltage obtained. It will be seen
from the curve that the voltage starts to rise at
just about this point. The other curve was made
with a slightly larger first choke, of about 5
henrys. The critical load resistance for this choke
is about 5000 ohms, or 250-ma. load current, and
again the voltage begins to soar at just about
this point.

It is worth noting that the voltage at full load
of 350 ma. (or higher) is exactly the same with
all three first chokes on the same transformer
voltage; but with the “swinging” firgt choke,
soaring is prevented and regulation much im-
proved without sacrifice of actual operating
voltage.

It is possible to adjust a properly designed
first choke so that its inductance will be above the
critical value for low current and saturate to a
value below the critical for high current. In this
case the voltage might actually rise for the larger
currents, and a compounding effect be obtained.?
There are two very serious objections to this
arrangement, however. First, the choke is inade-
quate to limit the current peaks in the rectifier,
which is one of its most important duties, and
these peaks would be excessive at full load, the
very time when they should be reduced as much
as possible; and second, instability of operation
as described above is difficult to avoid. There
are, of course, other methods of improving
regulation ® but thig article is concerned only
with straight filter design and the improvement
of regulation by the inherent characteristics of
the filter eleménts themselves, regardless of
auxiliary aids.

FILTER HUM

Having started with a sawmill, we shall end
with the polish. In the test circuit used, in spite
of the small second choke, the hum was within
the limits usually found satisfactory in amateur
operation. Little data are available on this point,
satisfaction being obtained by practice rather
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FIG. 6 — REGULATION ACTUALLY OBTAINED
WITH SWINGING CHOKE AND CIRCUIT OF FIG. 1
Normal load considered to have range of 50 to 350 ma.

than experiment. However, it is possible to com-
pute ripple with a fair degree of accuracy; and
smoothing eircuits reported as satisfactory
indicate the criterion to be a ripple voltage of
about 1% of the d.c. output. The table below

# (3lager, “Improving the Voltage Regulation of Rectifier-
Filter Systems,” QST, Qctober, 1931.

3 A ‘“voltage-regulating transformer®
described by Glaser,

method is also
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shows the actual volts of ripple obtained, us
measured with a vacuum tube voltmeter. These
are a.c. (r.m.s.) voltages. They are all under the
197, eriterion with the exception of the maximum
eurrent which was slight overload, above 350 ma.

Rectifier D.c. Qutput Ripple

Input
X«'altsper Volts | Ma. [ Measured, Calculated| Per Cent
[=ide, 8.0 Volts, Volts4  Jof Output
1050. .. 925 100 3.0 2.7 .33
1050. .. 890 200 3.5 3.7 .39
1025. .. 860 300 5.1 5.3 0.59
1000...| 840 | 400 9.3 8.8 1.10

t Nee Appendix.

SUMMARY

We started out to design a first choke in the
usual type of eircuit used with ’66 rectifiers which
would combine as many functions as possible,
taking advantage of the peculiarities of the
cireuit to produce desirable results. These func-
tions may be tabulated as follows:

1. To improve regulation.

2. To limit peak current in rectifier tube.

3. To contribute materially to smoothing.

4. To provide automatic adjustments for vary-
ing loads.

All of these results can be accomplished by the
proper adjustment and design of the first choke.
The regulation, including all losses of voltage
from the supply line to the load terminals, can
be made less than 109, of average output voltage
over the working range of 50 to 350 ma. The
peak current is limited to very little more than
the average (d.c.) load current, allowing maximum
output without overloading the tubes. The choke
contributes to smoothing and satisfactory results
are obtained with only a 5- to 7-benry choke as
the second filter inductance. The inductance
awings automatically for changes in load so that
it exceeds the desirable threshold inductance
value from 50 ma. to 500 ma.

A first choke of this type will be much smaller
than one designed for substantially constant
inductance of the maximum value required.
The only difficulties to be avoided are instability
due to too small an air gap and resonance with
first filter condenser. With condenser sizes in
general use this latter difficulty is not likely to
oceur.

A first filter choke of this swinging type can be
added to any existing filter circuit without
difficulty and should improve operation mate-
rially.

APPENDIX

Voltage ripple for full-wave rectification can be
caleulated approximately for circuits such as Fig.
1 by means of the following formula:

4 HG VAU COULILISLCU O blablldal

Volts (a.c., r.n.s.) ripple= -~

where supply line is 60 cycles,
E is transformer secondary voltage per side,
1.1 is first choke inductance, henrys
Ly is second choke inductance, henrys
(! is total shunt capacitance, ufd.
The inductance values for ecalculating the
ripple were taken as follows (from actual test

curves):

ﬂ[(_l. .[/1 ]Jz

100 19 h, 6.8 h.
200 15 h. 6.3 h.
300 11 h. 5.8 h.
400 7.6 h. 5.0 h.

These data are only correct when smoothing
to 5%, or better, and when any L and C resonant
frequency is less than one-half of 120 cycles.
The constant (5.3) assumes that 60-cycle full-
wave balanced rectification is used. This covers
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FIG. 7 — REGULATION OBTAINED WHEN FIRST
CHOKE IS OF FIXED INDUCTANCE

The voltage rises rapidly when the current falls below
a value cnrresémnding to the critical condition for the
first choke employed.

the majority of satisfactory filters in use. For
puor smoothing the actual ripple will be much
greater than that indicated by the formula,

& Straxs B

G6TP and G6NI have been working two-way
over a distance of 15 miles on 214 meters. Both
'phone and c.w. are used.

Prof. Myres, W8AJK, of West Virginia {/ni-
veraity, has discovered a new way to QSY with
crystal. He finds that dropping a crystal on the
floor a sufficient number of times will eventually
cause it to become several smaller crystals whose
frequencies seem to be slightly different. W8TI’s
codperation in countributing crystals ninde the
experiment possible.
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Temperature and Monitor Calibration
By Thomas S. Wildman, W9DIB*

LTHOUGH the calibrated monitor has often
been discussed in past issues of QST,
there has not, to my knowledge, been any

discussion of temperature as a factor influ-
encing calibration. Temperature changes can
have g considerable effect on the accuracy of a
calibration curve, especially during the summer
when room temperatures are subject to rather
wide variations.

The writer recently constructed a monitor
with a view to calibrating it, and it was therefore
built carefully and solidly. It uses a Type ’99 tube

WHICH MEASUREMENTS
E MADE

The thermometer is mounted on top. The circuit is
quite conventional, the tube being a Type 799.

THE MONITOR ON
WER!

in the conventional tickler circuit. The coils are
lacquered into place on the form to prevent
inductance changes, and the tuning condenser
is reconstructed to have heavy rotor and stator
plates with ample spacing between them, thus
reducing the chance of a change in its capacity
curve. Rigid wiring is used throughout. The
batteries were brand new when the monitor was
first put in service.

"This monitor has wide band-spread on the
7000-ke. band. The dial has 100 divisions, 7000
ke. being at 11, 7100 ke. at 32.5, 7200 ke. at 55.5,
and 7300 ke. at 80.5, when calibrated at a room
temperature of 68 degrees Fahrenheit. A calibra-
tion curve was drawn up at this temperature
using a standard frequency transmission of
WI1XP. On checking the calibration at the next
standard frequency transmission I was very much
disappointed to find that the 7000-ke. point was

#1002 Brady 8t., Davenport, lowa.

11 dial divisions “off.” I thought at first the bat- .
teries were running down, but the voltages
checked satisfactorily. The room temperature
at this time was 80 degrees.

Believing the temperature change to be the
cause of the discrepancy in calibration, an in-
vestigation was undertaken to prove or disprove
this theory. A series of calibrations at various
room temperatures was taken on a frequency of
7000 ke., this frequency being available daily by
using the seventh harmonic of the local broad-
casting station, WOC. The accuracy of this har-
monic is very high, the fundamental varying
only a few eycles over a period of a year. The fre-
quency is maintained very closely to permit
synchronous operation of WOC and WHO. Dur-
ing the tests the filament and plate voltages were
carefully checked, and the frequency changes
were compared with room temperature changes.
It was through these checks that the conclusion
was reached that the temperature was the “bug
in the box.”

A thermometer was mounted within four feet
of the monitor and readings were taken with
room temperabures ranging from 68 to 101 degrees
F., a 33-degree variation. At 101 degrees it was
found that 7000 ke. was 21 dial divisions away
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FIG. 1.— THIS CURVE SHOWS THE CHANGE IN
FREQUENCY ENCOUNTERED

when the room temﬁerature varied between 68 degrees
and 101 degrees Fahrenheit. The thermometer was four
feet from the monitor.

from the calibration taken at 68 degrees. This
variation was as great as that caused by conden-
ser tuning to cover the frequencies between 7000
and 7100 ke. at a temperature of 68 degrees.
Or taking it the other way ’round, the monitor
frequency changed approximately 3 kilocycles
for each degree change in room temperature.

In a later test a thermometer was mounted
directly on top of the monitor box. Measurements
with temperatures ranging between 65 and 85
degrees resuited in the curve of Fig. 2. These
readings are believed to be more indicative of

March, 1932

31




actual temperature changes within the monitor
box than those taken with the thermometer some
distance from the monitor. Probably the irregu-

T.ess reduction in provisions for
newsstand Booklet returns.. ..
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larities in the curves are due to a lag between the Net Revenue. ........oeeuurennennns $50,010.03
. s i insi 1
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the monitor.

From these data it appears that the effect of
room temperature on the frequency of oscillation
must be taken into account if a monitor calibra-
tion ig to be dependable,

! Possibly the ummually large frequency drifts shown by by
the author’s curves are in part due to the use of a very smali
tuning capacity across the inductance. Minute changes in
capacity will have a relatively large effect on frequency
unless the minimum capacity in the circuit is Iarge. This is
the reason for the use of tuning condensers with circular
rotor plates giving a large minimwn capacity in frequency
meters. — EpITOR.

FlnanCIal Statement

Y order of the Board of Directors the follow-
ing statement of the income and expenses of
the American Radio Relay League, Inc., for the
fourth quarter of 1931 is published for the infor-
mation of the membership.
K. B. WarNER, Secretary.
STATEMENT OF REVENUE AND EXPENSES

FOR THE THREE MONTHS ENDED
DECEMBER 31, 1931

e Strals %S

Pity the poor Technical Information Service.
One of the latest questions is whether we can
furnish a photograph of the Unknown Soldier!

A little suspeeted source of noise in receivers
that use metal panels is the vernier dial with o
dise at the back. Even though grounded, any
rubbing between dise and panel will make a noise
similar to condenser bearing QRN. The cure is
to insert insulation between dial dise and panel.
Celluloid or paper will work OK.

— W6CKS

Raytheon or similar gaseous rectifier tubes can
be used to indicate r.f. in the same way as neon
bulbs. They are less sensitive than the small neon
tubes, however.

-------- Raymond Popkin, Brockton, Mass.

An old razor blade makes an excellent spring
for the bug recently described in ¢@S87. With a
little care the edges of the razor can be chipped
off. This will fully take the place of the rare corset .
strips.

‘ e WEFAU

W5LB uses an ‘A’ eliminator to give him u
time delay in turning on the plate power after
the transmitter filaments are lighted. The output
of the eliminator builds up rather slowly when
turned on, and is used to energize an old telegraph
sounder rebuilt into a relay. The tension on the
relay can be adjusted so that the plate circuit is
closed from ten to thirty seconds after the fila-
ments reach their operating temperature,
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Advertising sales, QS7'. ....... £15,179.51
Newsdealer sales, QST'........ . 12,247.08
Advertising sales, Handbouk.. .. 3,490.00
Handbook sales............ . 5912.11
Beginners booklet sales........ 268,34
Membership dues. ........... . 13,569.87
Membership supplies sales.. ... 2,227.85
Interest earned........ 350.01
Cash discounts earned......... 249,95
Bad debts recovered........... 50.00
""""""""" —  $53.6544.72
Deduct:
Returns and allowances........ $ 3.496.12
Cash discounts on sales. . ...... 252.69
Exchange and collection charges. 17.22
Incresse in provision for news-
stand QST returns. ......... 495.44
8 4,2 61 47
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Radio Efficiency?

By Victor L. Osgood*

both the mechanical and electrical designs
of radio sets, we have bhecome more and
more satisfied with the results until we may safely
say that we now have a very good mechanical
reproducer of voice and musie. There will be
more improvements from time to time, even
though we could get along very nicely with what
we have now.
if we consider a radio receiver from the view-
point of efficiency, we run into a rather astonish-
ing set, of figures which makes

Q. SIMPROVEMENTS have gone forward in

frequency; so that, in order to get a general idea,
we will have to choose some specific values. We
will take the average amplification of the Type
"01-A, 26 and ’27 tubes as 5 and consider the
input and output voltages to be applied across
equal resistances. (While the grid input imped-
ance is considerably different from the plate
impedance, still there is power lost in the effective
resistance of each tuned eircuit, resistance coup-
fer or audio-frequency transformer preceding the
grid or in series with the plate, and the assump-

tion just made is considered

one think that someone has
made a slip somewhere. The

reagonable to cover average
conditions,) This amplification

answer is, of course, thai
this i8 one piece of electrical
apparatus which i inherently
inefficient and no one tries to
improve that particular end;
that is,.from a strietly
“efficiency’? viewpoint. When
filament currents were brought
down from 1 ampere to 0.25
ampere to save battery drain,

Here is a thought-provoker for
efficiency experts radio-wise. What
do you mean when you say that a
set has “good efficiency?!” Do you

know that from one point of view -

a receiver can have an apparent
efficiency of seventeen million
million percent and at the same
time, from another point of view,
be but a guarter of | percent
efficient? Try the method on your
transmitters, too. We see a lot of
hot radio club arguments in the
making. — EDITOR.

means a multiplication of
power (even though not yet
useable for audible purposes)
of 25 times; or an. “efficiency”’
of 2500%, considered from the
viewpoint of signal amplifica-
tion alone.

But 1.25 watts are being put
into the filament of the Type
'01-A, 1.57 waits into the

it is true that there was an
improvement in efficiency ; but

filament of the ’26 and 4.37
watts into the heater of the

ag soon a8 we learned how to

use sets on a.c. successfully, we went back to more
watts in the filaments. The inconvenience of the
storage battery running down caused the improve-
ment, rather than a desire to increase efficiency.

Electrical apparatus us s whole is fairly
efficient. Motors vary considerably according to
size, duty and source of power but make a re-
spectable showing. Transformers for heavy duty
work run as high as 989, efficient under full load.
On the other hand, tungsten lamps are only
about 109 efficient, the other 909, being wasted
in heat. Paradoxical as it may sound, resistors
are usually either 1009 or 09 efficient, de-
pending upon what their purpose may be in the
circuit. If heat alone is desired from the resistor,
then it is 1009 efficient; while if it is used only
to reduce voltage, then the power lost in it is a
total waste and the efficiency is zero.

Let us pick the radio set apart and see how
efficient (or inefficient) the different pieces of
apparatus are. We have two channels to follow,
both of which are somewhat theoretical and far
from universal. We may follow the signal from
the antenna to the loud speaker or we may con-
sider the efficiency from the a.c. power line to the
loud speaker. In either case the efficiency will
vary according to the strength of the received

signal, the position of the volume confrol and the
" #5t, Cloud Avenue, West Orange, N. J.

'27; and into the plate circuit
of each goes about 0.6 watt. In actual power we get
out, when the plate signal voltage is 1 and the load
100,000 ohms, the astonishingly low value of 10
micro~watts. The average input for the three types
of tubes is 2.4 watts; this constitutes an efficiency
of 0.000416%. (Efficiency experts are not supposed
to throw away their tubes upon reading this.)

Adding the input signal power to that of the
filament and plate would not noticeably affect
this last result, sp that 0.0004169; represents the
efficiency of the tube under the conditions stated.
However, let us give the tube a break, since it is
performing its job pretty well. A voltage ampli-
fication of 5 means a gain of 34 decibels; 0.000-
416% efficiency means 1 loss of 53.8 decibels. The
total loss, then, is 53.8—384==19.8 decibels, or an
efficiency of about 197 --a big improvement
over the 0.000416%,.

The Type °’71-A tube looks considerably
better although even here we must select a
certain volume level of output in order to get
any results; so let us choose the maximum

- undistorted power output of 0.7 watt. The input

to the filament is 1.25 watts, and to the plate
3.6 watts, making a total of 4.85 watts. Hence,
the maximum efficiency obtainable with this

type of tube is :—'-875,0r 14.59%,. (We don’t have to

(Continued on page 88)
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More About Audio Selectivity

By L. W. Hatry*

- HIS is an atterapt to add a few pointers to
the much-needed information given in the
recent article! on band-pass filters. It is a

sort of addenda written from the point of view of
one practical filter builder.

The double-tuned cireuit “C" in Fig. 1 of the
January article is appreciably more selective than
a single circuit and is adjustable in its band-
passing effects. It can be compared to the modern
if. transformer of a superheterodyne, the chief
difference heing that one operates at audio
frequencies, the other at radio frequencies. If the
coupling between the two tuned circuits is prop-
erly adjusted,? a single peak is obtained. Increased
coupling gives two peaks close together which
can flatten the tuning curve into a band.

In adjusting the transformer, first, follow the
ingtructions in the January article for tuning the
circuits to the same frequency, then, coupling
coils ean be wound on one idle leg of each core and
paralleled. This will be recognized as “link” or
feeder coupling ~ a two-wire line terminating in

" small inductances coupling to the tuned circuits.
Both coupling inductances should be identical
and adjusted until good transfer is obtained
with or without broadening of the peak. Other
coupling methods may be used but they compli-
cate practical adjustment.

From the viewpoint of simplicity tuned cir-
cuits have deecided advantages. Hull has well
pointed out their disadvantages. Working
out of a screen-grid tube, which has inordinate
impedance, voltage amplifications up to at least
100 are made possible by pushing L, up and C;
down according to the formula,

7= (E)1
“\NC/R

for a tuned-circuit wherein the resistance of C
(farads) is negligible compared to the resistance
of L (henrys). To speak in one illustrative set of
arbitrary figures, a 30-henry inductance in parallel
with a capacitance of 90 uufd. (if the L were
sufficiently low in distributed ecapacity — un-
likely — to allow it to tune to 1000 eycles), with
L having the very usual & of 200 ohms, a value
for Z of 166 megohms could be obtained, allowing
a tube gain of nearly 400 for a Type '24 at 1000

* Hatry & Young, 203 Ann Street, Hartford, Conn.

L Hull, “ Selectivity in Radiotelegraph Reception,” Q8T,
Jan., 1932,

2 This form of eireuit, tested vigorously in the preliminary
study of the subject, waa found difficult to adjust. Thorough
shielding of the two tuned circuits and the use of a coupling
link simplified the adjustment but introduced constructional
difficulties. Fixperience with the circuit resulted in progres-
sion to others, — Ep1ToR.

eycles, This will not happen in practice but it
indicates the importance of keeping C' where it is
cheapest and L in the standard choke region;
economy and effectiveness happen to run
hand in hand. Obviously the grid as well as the
plate circuit must be of high impedance because
the grid-filament capacity of the tube following
becomes part of the tuned cireuit. The only load
on it will be the demand of the tube mechanism
for excitation which, with the tube properly bi-
ased, is generally regarded as no load, since the
grid takes practically no current.

And this is a good place to mention that 1000
eycles is by no means a magic figure. Commercial
chokes and condensers readily lend themselves to
frequencies down to 250 cycles, all of which, once
the headset is on the ear, are highly effective
operating frequencieg from all viewpoints.?

An unbijased tube should not be allowed to
spoil & tuned audio circuit. This is important.

If the grid of a tube goes positive it becomes a

relatively low resistance across the grid tuned
cireuit. The result is to broaden tuning and to
reduce amplification. The tube following the
grid’s tuned circuit should be biased negative at
least 414 volts for a plate voltage of 90 if Type
’27, 01, 30 or '99 tubes are used. The tube also
should be kept from overloading by means of a
volume control either ahead of the tuned unit or
by means of a high-resistance potentiometer
across the grid tuned circuit with the adjustable
arm running to the grid. In the latter case the
grid tuned circuit should show, by the formula

given, an impedance equal to the potentiometer

registance. This is important. The tuned circuit
may have less, but it should not have appreciably
more, impedance than the potentiometer. It is
perhaps simpler merely to use an audio stage
before the tuned stage and put the volume-control
there.

The “ringy” and hollow echoing characteristic
of tuned audio can be alleviated. It must be
alleviated if we are not to be psychologically
disturbed by something to which we can offer no
buifer of habit. The trick is simple. Overbiag {down
to the lower knee of E~-I,) the tube follow-
ing the filter and deliberately create harmonics.
Harmonics will give the resonant pitech quality
more nearly on the order of sounds familiar to the
ham ear. With sufficient audio gain this bias can

8 Most of the operators seem to show preference for the
frequencies between 800 and 1000 cycles. Most ’phone
headsets show a similar preference. A receiver fitted with an
effective filler operating around 250 cycles appears to be
extremely difficult to hold on frequency. Possibly the struc-
ture of the musical scale explaing this, -~ EprToRr.
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be set so that the interfering signal, if weaker,
causes less distortion and has a different character
from the wanted signal, thus adding that differ-
ence to the overall selectivity. This scheme is
more effective if the fundamental is below 1000
eycles, but it gives good results in any case.

REGARDING THE BAND-PASSES

The low-pass and band-pass filters are subject
to several practical hints which I think will aid in
increasing their effectiveness not so much as
filters but as amplifier couplings.

First, we must remember that we have two
types of impedance matches to consider when
working with tubes; one is for voltage amplifica-
tion and the other for maximum power transfer.
The first applies to the usual amplifier and
tuned-circuit amplifier. Here the maximum tube
voltage gain¢ (tube from which the coupler is
working) occurs if the tube looks into an imped-
ance several times its own impedance.

The second applies to most filters working out
of a tube, since usually the filter hag several times
the loss of a single transformer or tuned circuit or
tube input. Unleks we are able to measure this
loss and know exactly where we stand regarding
its proportion to power available, or are able to
establish by measurement an cfficient set-up, we
must agsume that the impedance match must be
of the type required for maximum power trans-
fer. This condition occurs when the impedances
being tied together are the same. I point this out
in detail to avoid the confusion I have frequently
noticed in amateur discussions.

As Hull indicated in his article, we can match a
40,000-ohm filter to a 10,000-ohm tube with a
1-to-2 transformer. Transformer impedance
varies approximately as the square of the turns,
or voltage, ratio. But we must remember also
that this transformer should have a 10,000-ohm

“primary at about 1000 cycles for the band-pass
Hull described; that is, a 2-henry primary. A
small audio transformer (but preferably well-
made) usually hits in this region, having from 2 to
8 henrys; an adjustable core air-gap will allow
inductance variation to avoid spoiling a good
filter with reflections. Used with the low-pass
filter, a one-to-one transformer with a 2-henry
primary and secondary will tend to produce
semi-band pass effects by being inefficient from
1000 cycles down.

If we are content to add yet another trans-
former to the lay-out, we can avoid feeding the
filter directly to the next tube and make a further
improvement. The tube impedance at 1000 cycles
{(grid circuit) tends to level near 400,000 ohms
(in this case the capacity of the tube input is not
absorbed as part of a tuned circuit but instead

t Tube voltage gain =u—“zf if Zp is plate load imped-
Rp Z»

ance in ohms and Rp is the tube impedance in ohms.

acts as a shunt or by-pass load) and can be ap-
proached with a transformer which again can aid
our frequency discrimination. Ignoring the need
of special transformers for the ultimate perform-
ance, it will be wise to make the best of what is
available. Qur job is to raise 10,000 or 40,000
ohms to 400,000 ohms. The former requires a
2-henry transformer primary and the latter 8
henrys. The step-ups required are 1-to-40 and
1-to-10 in impedance; which, by the “squares”
rule, means I-to-6 and 1-to-3 in turns ratio.
The voltage step-up then available can be well
used.

Of course the unfortunate part of using to-day’s
transformers is that manufacturers seem to fear
giving data or not to care. There are, of course,
notable exceptions. Most low-priced and 1-to-1
input push-pull audio transformers can be
reversed and half the secondary used to give 214
henrys and a l-to-2 voltage step-up. The old
Acme A-2 type has essentially a 5-heury primary
and is adjustable by an air-gap core. The old
Federal “big fellow’ had a I1-to-3 ratio and
about 8-henry primaries. The old Amertrans

- {1-to-6 ratio) found in some old Freed-Eisman

neutrodynes had about 6-henry primaries.
Most of these figures were supposed to be true
with normal tube currents through the trans-
formers. Certain low-priced output transformers
are suitable for our needs. One is designed to run
from a '47 pentode into a 2000-0hm impedance,
having practically 2-to-1 turns ratio, Its induc-
tance values happen to be about 4 henrys and 1
henry. Reversed, it will hit near 5000-t0-20,000
ohm impedance ratio at about 1000 eyecles and
work nicely from a Type '12-A amplifier into a
home-made 1000-cycle band-pass filter. The
important point in buying such low-priced
material is to avoid the shoddy. The low-price
should mean a lesser quantity of good materials
and not just cheaper materials. A reliable manu-
facturer’s name is the safest guide.

e Straxs B

The Aerovox Wireless Corp., Brooklyn, N. Y.,
publishes a booklet “The Aerovox Hi-Farad Dry
Electrolytic Condenser,” which in addition to
supplying data on condensers of their manufac-
ture also includes interesting information on
electrolytic condensers in general. It will be
sent free upon request.

W2BDJ has a novel stunt to overcome body
capacity on his receiver. He puts a piece of sheet
aluminum about 15 by 15 inches on his chair and
connects it to ground. Body capacity is non-
existent so long as the operator is sitting on the
chair. The receiver has a metal panel, by the
way, 8o it must be the operator and not the set
that’s at high potential!
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Putting Life in the QSL Card

By Louis F. Leuck, WOANZ#*

is not to supply the other fellow with wall

paper. No, to be honest, it is so that we will
receive one ourselves. But after being in the
transmitting game for a time the average amateur
doesn’t get much kick out of receiving or sendmg
a “‘run-of-the-mill” type of card. The kick in the
QSO0 is there, as strong as ever, but the card is
just too impersonal. What is needed is a QSL card
that will hit the recipient squarely between the
eyes — gsomething unusual; something personal.
We all know that a little personal message makes
areceived card many

THE primary object of sending a QOSL card

picture on the card. A spot the size of the desired
picture is now ‘“‘painted” oun the card with the 3

sensitizer — in subdued light, of course. This may

be any blank space on your regular QSL card or a
card may be designed especially for the purpose. §
In a few moments the solution will dry. After

this the card is placed painted side up on a pad
which may be a smooth piece of board with
thickness or two of blotting paper on it. Next the
negative is placed in position on the card, covered
with an ordinary piece of glass and the arrange-
ment exposed to the sun a short time. All that re-

mains to be done now

times more valuable.
Imagine receiving a
QSL card with the
OM’s latest photo on
it! Or a photo of his
transmitter, shack,
Y1 or anything else
of which he is justly
proud! It would be
hard to resist an-

FT18 S0, 14 58,

CNRELTS YOU

TINCOLN, NEBRASKA

««Miw.wm A Perfeit 39 Mim
14 MC Phan& @5& .

is to remove the card
and place in the de-
veloper solution. The
photo will appear
pronto. The card
should be washed in
ordinary tap water to
free it of printing
chemicals before fay-
ing it out to dry.

(LY.

xs mmsr Leuck .

awering a card like
that, wouldn’t it? And wouldn’t it be a real
pleasure to send one?

Notice the photograph that accompanies this
article. This QSL card was dressed up by means
of a home printing process which any amateur
can use. Only a small amount of equipment
which may be found in any household is needed.
The method is similar to that of making photo-
graphie prints but is simpler and requires no dark
room.

Since this is a chemical process the first step is
to secure the chemicals. Three kinds are required.
Ferric oxalate is used to make the sensitizer.
One-eighth teaspoon of these erystals should be
dissolved in 2 ounces of water. The developer may
be made by dlssolvmg 14-teaspoon of potassium
ferricyanide in 2 ounces of water. The third
chemical is potassium bisulphate. Its use is not
essential but the color of a print may be deepened
by placing it in a weak solution of the last named
chemical for a short time.l
~ 'The chemical solutions should be prepared in

weak daylight or ordinary lamplight because they
are light sensitive. Unused solutions may be
stored in a dark place but it is better to mix in
small amounts und prepare fresh solution each
time printing is done.

The next step i8 to select a negat1ve~ord1—
nary film— of whatever object it is desired to

#1718 So. 14th St., Lincoln, Neb.
t These chemicals are sold in prepared form under the
trade name of ' Cyanotype.”

A photographer’s
printing frame will work a bit better than the pad-
and-glass arrangement for making the exposure.
When painting with the sensitizer a small piece
of cloth, not too moist, is sometimes more satis-

factory than a brush. No harm is done if the ,

painted area is larger than the desired photo-
graph. A mask, which is simply a piece of black
or other opague paper with a hole the size and
shape of the desired photograph eut in it, can be
used. If any trouble is experienced in interpreting
any of the above instructions an amateur photog-
rapher can straighten you out in short order.

This printing process has many other uses,
being especially adapted to making a small
number of duplicates of written or typed pages,
drawings, circuit diagrams, ete.

B Strays g

The metal ends of defunct Amperites make
good caps for connection to screen-grid tubes. By
cutting a few slices in the cap and then pinching
the ends together with a pair of pliers it can be
made to fit. Wire, lugs, binding posts or what
have you may then be soldered on.

— (. R. Jacobson, Jasper, Alla.

WSDEH has worked all districts on 3500 ke.
using a 201-A with 135 volts on the plate. He has
also been reported heard in New Zealand. FB.
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Standard Frequency Transmissions Revised

for New 'Phone Bands

allocations that become effective April 1,

IN PREPARATION for the new ’phone
several changes in the standard frequencies

itransmitted by W1XP, WOXAN and W6XK are
ingugurated with the March schedules. Fre-

fuencies added to the C schedules (14,000-ke.
bund) are 14,150 and 14,250 ke., marking the
limits of the new “"O-meter” ’phone band. Dur-
ing March the 3550-ke. point will be transmitted
on the A schedules but will be dropped after April
1 when the ’phones stht to the new band 3900-
4000 ke.

Instructions for using standard frequency
transmissions to tune ’phone transmitters to the
various bands, including the 1875-t0-2000-ke.
one, are given in another article in this issue. It
should be unnecegsary to urge 'phone operators
to use these transmissions, although our experi-
ence is that, proportionately, dyed-in-the-wool
'phone men are less frequenecy-conscious than
most amateurs. The number of standard fre-
quency reports received from ’phone men runs
about inversely proportional to the number of
ofi-frequency 'phones. In the recent frequency-
measuring test, for instance, less than 19, of the
total number of reports received came from sta-
tions “exclusively ’phone.” It would seem that
fellows who boast that they “haven’t & key in
the place” might well add, “nor a frequency
meter, either.” Let’s have more reports from the
‘phones. Here are the current schedules.

DATES OF TRANSMISSION

Date Schedule Station
March 4, Friday C WEXK
March 6, Sunday ¢ Wwixp
Mareh 11, Friday A WiXp

B WOXAN
B WeXK
Mareh 18, Friday BB WwWixp
B WOXAN
A WeXK
March 19, Saturday BX WeXK
Mareh 20, Sunday (8} WOXAN
March 25, Friday BB WEXK
B wWixp
A WYXAN
March 27, Sunday BB WOXAN
< WeXK
April 1, Friday (o] WeXXK
Aprif 3. Sunday (& wixp
April &, Friday A WwWixXp
B WOXAN
B WeXK
April 15, Friday BB Wixp
B WOXAN
A WBXK
April 16, Saturday BX WEXK
April 17, Sunday C WIXAN
April 22, Friday BB WBeXK
B wixp
A WIXAN

April 24, Sunday BB WIXAN
C WEXK
April 29, Friday ¢ WeXK

STANDARD FREQUENCY SCHEDULES

Friday Evenings Friday and Sunday
A fternoons
Time Sched. and  ||Time Sched. and
Freq. (kc.) Freq. (ke.)
{p.m.) A B |{{p.m.) BB ¢
8:00 3500 7000 || 4:00 7000 14,000
8:08 35501 7100 || 4:08 7100 14,100
8:16 36002 7200 || 4:16 7200 ‘14,150
8:24 3700 7300 || 4:24 7300 14,200
8:32 3800 4:32 14,250
8:40 3900 4:40 14,300
8:48 4000 4:48 14,400

Saturday Mornings

Time Seked. & Freq. (ke.)
Haam.) BX
4:00 7000
4:08 7100
4:16 7200
4:24 7300

13550 ke. will be omitted and subsequent Schedule A
frequencies moved up 8 minutes after April 1.

* W8XK transmits 3650 ke. instead because of local
interference with fourth harmonie of 900-ke. transmitter.

The time specified in the schedules is local standard time
ot the transmitting station. W1XP uses Eastern Standard
Time, W9XAN, Central Standard Time, and WBXK,
Pacific Standard Time.

TRANSMITTING PROCEDURE

The time allotted to each transmission is 8 minutes,
divided as follows:

2 minutes — QST QST QST de (station call letters).

3 minufes — Characteristic letter of station followed by
call letters and statement of frequency. The characteristic
letter of W1XP is **(3”’; that of WOXAN is “O”; and that
of W6XK is “M”.

1 minute — Statement of frequency in kilocycles and
announcement of next frequency.

2 minutes — Time allowed to change to next frequency.

ACCURACY

Although the accuracy of the transmissions is
not guaranteed, those of W1XP are usually de-
pendable to 0.001 per cent and those of WOXAN
and W6XK to 0.01 per cent. The transmissions
are checked frequently by the Department of
Commerce monitoring stations; and the fre-
quency standards used have been checked against
the national standard maintained by the Bureau
of Standards at Washington.

THE TRANSMITTING BTATIONS
WI1XP: Massachusetts Institute of Tech-
nology, Round Hill Research, South Dartmouth,
Mass., Howard A. Chinn in charge.
{Continued on page 86)

March, 1932

37




A prominent amateur in Chicago advises us
that he has been wrestling with a rather difficult
receiver since 1928 — but fundamentally the set
was known to be okay, so, with the usual “ham”
stick-to-itivness he has not wanted to admit de-
feat and has until recently tried to conquer the
brute. It seems that the end of patience has been
reached and now the receiver is in the discards
after having been named Frankenstein, the set
without a soul!

KBW suggests that the fellows who have been
expressing their admiration for his editorial in the
January issue should take a squint at the initials
at the bottom of the page.

The Hq. gang raided the automobile registra-
tion department of Conneeticut this year with
definite intentions, with the result that Warner's
car gports a B-73, Budlong cruises with a BB-73
and Rodimon is proud of his BB-88!

The gang may be interested in knowing that
recent covers of QST have been generated right
in these offices and the photographs are of Hq.
personnel — several “hams” have trled to guess
who owned the Roman profile, the Grecian hands
and the expression of agony, but no one has had
any emotions of who would own that foot which
wag 80 prominently digplayed January.

The coming International Contest is reminis-
cent of the old Transatlantics when quiet periods
were necessary for a successful test. Should any
of our members happen to run over into any of
these quiet periods and receive a short call and
request to “pipe down,” look at the chart of quiet
periods and you will note the reason.

Here is a wrinkle for measuring the frequency
of a erystal without going to the trouble of build-
ing an oscillator circuit for it. By setting the erys-
tal on the coil of an ogcillating receiver, or putting
the erystal in a holder and then holding crystal
and holder near the coil, the receiver will stop
oscillating at the frequency of the erystal. When
using the holder and crystal combination better
results will be obtained if the holder is held by the
terminal connected to the top plate. Harmonics
of the crystal also can be picked off, which no
doubt would help in calibrating a frequency
meter. - K6CF@-BUC

Once more we stress the need for extra postage
on QSL cards going to Canada and Great Britain.

The info first appeared on page 37 of November
QST.

‘The engraving outﬁt which makes QST"s cover
plates knows very little about radio, much about
engraving. Last month they billed us, “To half-
tone plate of radiogram machine . . .

K6LG points out an advertisement recently
appearing which mentioned a 50-watt tube having
a plate cwrrent rating of 175 amperes. We agree
that this is the first we have heard of these tubes
being used as arc-welders.

The new Rules and Regulations of the Federal
Radio Commission appeared early in January,
being 156 pages of loose-leaf, 9 x 6. Copies of the
complete publication are being sent to the 4200
station licensees other than amateur, while every
amateur station licensee will receive the four pages
containing the amateur regulations. Amateurs
will find the complete publication well worth
possessing. Coples may be obtained from the
Superintendent of Documents, Government
Printing Office, Washington, for 46 cents (check
or money order, no stamps), but the Government
does not sell the binders. “Change sheets’” will
be printed by the Commission from time to time,
to keep the copies up to date, and will be sent free
to the licensees affected, or to others upon request.

To make it a fitting companion piece to our new
9th edition Handbook, the Government furns

out the new amateur callbook in a yellow cover. -

Of course it isn’t nearly as pretty as our Hand-
book yellow, and so on, but still it's yellow.
Incidentally, that’s some callbook now —- 427
pages, five-eighths of aninch thick, 22,739 hams!
This year’s price is 35 centa. '

Ross Hull has just completed an entirely new
receiver designed for operation on the band of
wave-lengths between 0.7 and 0.4 thousandths of
a millimeter. It has a single tube (7 feet long) and
a gain of about 3000 over the naked eye. Yes, it
is a 10-inch astronomical telescope.

From Poughkeepsie, N. Y., R. J. Mahler,
W2BWG, reports “local strength” reception of
W2XAW, the 51,000-ke. transmitter of the
G. E. Co. at Schenectady. He also gets walloping
signals from W2XF at Cliffwood, N. J., on
44,000 ke. and from the 45,000-ke. N.B.C.
station in New York. A “QST-type” super-
regenerative receiver is used.
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Amateurs who are in the habit of juggling with
antennas in zero weather without first giving the
problem a couple of prefiminary thoughts are
certain to get into trouble if they follow Fig. 3
on page 44 of the ¥ebruary issue. The insulator
shown in the antenna proper shouldn’t be there
at all. It is the result of an effort on the part of
our draftsman to interpret a twisted wire joint
shown on the original sketch.

Another very pleasant sign of amateur growth
i found in end-of-the-year licensing figures pub-
lished by the Department of Commerce. Mr.
W. D. Terrell, director of the radio division, an-
nounces that during the last half of 1931 amateur
operator licenses were igsued to the tune of
8676, as compared with 5633 in the last six months
of 1930. Mr. Terrell says he is receiving an ever-
increasing number of inquiries about amateur
radio, and he considers it a fine thing both for the
amateurs themselves and for the national welfare.

Only 113 of those 8676 licenses were of the ex~
tra first class. We ought to do something about
that. There is a license that really attests amateur
ability, created specially to certify to high ama-
teur proficiency. More of us ought to go after it!

And now comes WIHOS with an application
for membership in the 9th District Barnyard
Club. Sure thing, every good barnyard has its boss.

We learn from The Tech (M. 1. 1.) that the
Radio Society hasg improved its transmitter by
the addition of erystal control, which “makes it
operate more closely to the frequency at which
it, transmits.” Marvellous things, these erystals.

WB8EYJ has christened his chronometer a
“watt-hour” meter.

Electrad is now in the field with a resistor and
volume control guide for broadcast receivers.
The price of $1.00 includes a year’s service with
revisions and new data.

Probably the imagination of many a foreign
reader isn’t vivid enough to imagine rising for an
carly sked to find the feeders in the condition
of these shown in the photo, This transmission

line carries the call W1PH. Snow and sleet often
make this sort of a picture in northern climes.

W8CTUX, popular QSL card printer of Milling-
ton, Mich., informs us that he will make up a
bateh of 200 two-color QSL cards free of charge
to any W amateurs accomplishing WAC during
1932 -— just send W8CUX the proof. Yep,
LAR.U. still issues certificates.

which reads:

lest it be withdrawn because of abuse.

Attention, Music Transmitters!

INCE we mentioned in §ST the new paragraph in the F.R.C. regulations permitting the
S transmission of music under specified circumstances, the air has been filled with music.
One may believe that almost every ’phone owner rushed out and bought a phonograph
pick-up. Hundreds of stations are transmitting music, some of them hour after hour and night
after night. No good, fellows. Can’t get away with it. Isn’t amateur radio. Violates the reg,

372. Amateur stations may be used for the transmission of music for test purposes of short duration
in connection with the development of experimental radiotelephone equipment.

Note that music transmission is permitted only-if you're engaged in developing equipment.
Note that even then you may transmit music only for test purposes. Note that even then the
tests must be of short duration. Our notion of it is that amateurs don’t communicate by plaving
records at each other and that too much of this sort of thing will simply spoil the 'phone bands
for everybody. The circumstances specified in the regulation are so relatively rare in amateur
radio that one ought to hear music in the amateur bands only infrequently. Present amateur
practice is an abuse of a good regulation. Let’s exercise this right cautiously, lest it injure us,
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The Old Timer Hangs a New Sky-Wire

By Eugene A. Hubbell, W9ERU*

-R-R-R-R.” Lee leaned over and shut off
the receiver, then lazily picked up the
telephone. *“ Hullo!”

“Hello yourself. Say, Lee, I'm putting up a
new sky-wire this afternoon and I wanted to try
sumething different in the way of an antenna
system. I'll be over in a minute and meanwhile
you get some dope ready for me, will you?”

“Sure, Ed. Make it snappy, though, I'm going
away early this afternoon. I'll get some drawings
rea.dy for you and give you the dope in no time.”

“See you in five minutes, then. So long.” A
faint click announced that Ed. had hung up.

“Wonder what Ed. has a Handbook for?” Lee
said to himself as he returned the receiver to its

]

8

A}

FIG. I — A AND B ARE BOTH MEMBERS OF THE
same family, C is a Marconi antenna, the other of the
only two basic types there are

hook. “Oh, well, there are some fellows who just
can't get much from a printed page.” And turn-
ing to & handy pad on the operating table, Lee
started drawing. Let’s look over his shoulder.
First, a straight line. Second a coil and condenser
connected in a closed circuit. Third, a grounded
antenna system. Fourth — but at this minute Ed.
- bursts in the shack door.

“Made it in three and a half minutes even.
Bet you wish you could get that out of your
crack, Lee. Well, what's the dope?” Ed. dropped
into a chair.

‘Listen here, young feller. I'm not going to
spend much time on you. Just glue your ears
down fat and listen. Look here. See this straight
line Iabeled A? Well, that’s a Hertz antenna. See
that coil and condenser? That's a closed oscil-
latory circuit. What's the relation? No, don’t
answer — this is a monologue. I'll just tell you.
They are both members of the same family, but
aren’t brothers by any means. They are both
oscillatory circuits, but the Hertz antenna is
an open oscillatory circuit while the coil-con-
denser combination is a closed oscillatory circuit.
See?”

*227 No. 4th St., Rockford, 111,

¢ “Dsh, yes, I see. But don’t talk so fast; you'll
strain something. What’s that third diagram?”’
Ed. indicated C of Fig. 1.

*“That’s a Marconi type antenna, the other of
the only two types of antennas there are.”

“What's that?” Ed. interrupted. “There's a
whole bunch of types of antennas, not just two.”

“There are only two main types of antennas,
just the same; the Marconi and the Hertz. The
Marconi type antenna has one end grounded
and the Hertz is suspended free of the ground
entirely. All the other kinds of antenna you are
thinking of are just variations in ways of feeding
one or the other of these two. Don't forget that,
whatever you do.” Lee sketched some more,
producing A of Fig. 2. “See, here iy a Hertz
antenna with the voltage and current distribu-
tion shown. Here is another point for you to
remember. 4 Hertz anfenna always has mazimum
voltage or « voltage ‘loop’ af either end. Con-
sequently there is also zero current (a ‘node’) at
either end. In the case of a Hertz antenna operat-
ing on its fundamental frequency — that is, the
lowest frequency at which it will resonate — there
is also maximum current or a current loop at the
center and, of course, zero voltage. The dis-
tribution on harmonics is somewhat different,
hut the point to remember is that the ends of the

antenna have high voltage and zero cuwrrent.

Get me?”’
“Where did you get that dope, anyway?
I usually don't read those articles in @ST, because

they have too many «'s and ¥'s for me to remem- -

ber what it's all about when they get done ”

Lee looked disgustedly at Ed. “ Yeah, you poor
nut. That’s the reason why 1 have to spend my
good time on you every so often, trying to drill
good radio in & skull so thick it ‘can’t understand’
ST just because of a few symbols. Well, I found
it all in the Handbook, where you could have
found it, too.”

Ed. threw up his hands in pretended fright.
“Don’t climb all over me. I'm not & technical
expert, and I'm still too busy working fellows to
worry about 2 lot of theory.”

“That’s all right, but remember there is no
harm in reading a little theory occasionally.
Who knows, some of it might penetrate! To get
back on the job, an antennsa feeding or exciting
system is usually named from the point at which
it excites the antenna. A voltage feed excites the
antenna at a point of high voltage, and a current
feed couples at a point of high current. The old
single-wire ‘antenna~counterpoise’ system isn’t
truly an antenna-counterpoise arrangement at
all, because a true counterpoise should have a
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large capacity to earth and a single wire doesn’t
meet that requirement, by a long shot. The single-
wire antenna-counterpoise is just a beni Hertz
antenna with the coupling coil at the center (cur-
rent loop). Remember when everyone claimed
‘it was impossible to work such a system on its
second harmonic? No wonder! On the second
harmonic there was no current loop at the center.
Look here, I'll draw it for you. See, the current
loop isn't at the center in this antenna on its
second harmonic; it is a quarter-wave in from
either end. (Fig. 2B.) The third harmonie, though,
wag all right for this style of feeding.” (C of
Fig. 2.)

“So that's why. I don’t believe one guy out of
1 dozen knew that years ago. We used to have lots
of arguments about it, too.”

*Yes, I'll bet you did. Well, another current-
feed system is the tuned two-wire fecd. Say,
hefore I get into that, what is the trouble with
using this bent Hertz affair I just showed you?”

HEd. considered it for a minute. “ Wel, a forty-
meter antenna in the old days was always so
short it couldn’t be put up high if the station
wasg on the ground. I can’t think of anything else.”

“‘Pretty close. The trouble was just this: The
antenna itself had to come ingide the station.
That’s why we are using entirely different types
nowadays, to put the antenna outside, away
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FIG., 2~—*“A HERTZ ANTENNA ALWAYS HAS
Maximum Voltage or a voltage ‘Loop’ ut either end.”
A, B, and C show the voltage and current distribution
when the antenna is operated at its fundamental, second
harmonic and third harmonic, respectively. The arrows
indicate the direction of current flow at a given instant.
Note that the current flows in opposite directions in any
two adjacent halfavave sections

from everything else, and feed it by a non-radiat-
ing link with the transmitter. Well, this two-wire
current-feed affair is connected to the center of
the antenna for fundamental operation, since at
that point there is & carrent loop. Consequently

it doesn’t work any too well on the next harmonic
unless the feeders are of such a length that they
can be series or paralle]l tuned to any odd number

FIG. 3~-~*. .., THIS TWO-WIRE CURRENT-FEED

affair is connected to the center of the antenna for funda-

mental operation (A) . . . it will work very well on even

harmonics of the radidtor as a voltage-feed system” (B).

The feeder length is halfawave with series tuning for

fundamental operation and fullawave with parallel
tuning for second-harmonic operation

of quarter waves. Then it will work very well
on even harmonics of the radiator as a voltage-feed
system. Oh, yes, I forgot to say that the length
of a two-wire line for a current-fed Hertz must
be electrically equivalent to any even number of
guarter waves.” (Fig. 8A and B.)

*That's all right for these stations parked
hetween a pair of big towers. How about me?”
Ed. queried.

. “Well, your ease of a pole on the house and one
on the garage fits about nine-tenths of us, 1
think, Consequently, a voltage-fed antenna is
usually best, since there is always that voltage
loop at the end of the Hertz antenna. A two-wire
feed line may be used for this antennsa too, but in
contrast to the length I said was right for the
current feed line, this must be any odd number of
quarter wavelengths. Right now I want to say
that it is not necessary that the length be
exactly right to the last inch. It can be a little off
and be compensated by series or parallel tuning
of the antenna tank coil and condenser; series
tuning if too long, parallel if too short. Thus, a
40-foot feeder can be cut down to one-quarter
wave for 7-mec. operation, and brought up to
three-quarter wave for 14-me: operation.”

““You haven't said anything about this single-
wire feed affair as yet, though. What is that
system, voltage or current feed?”

*“That’s something radically different. In these
two-wire feed lines we have been considering, the
feeders are resonant and there are standing
waves on them at all times; the only reason they
don’t radiate is because their fields cancel
each other out, being exactly equal and opposite
if the feed-line is correctly built. The single-wire
and double-wire feed you are thinking of is a
horse of a different color: That depends on
matching the impedance of the feed-line to the
impedance of a portion of the antenna. In that
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case it makes no difference how long the feeder is,
since there are no standing waves on it. And it
makes a very efficient method of feeding the
antenna, too, since the wires do not have to
carry heavy currents, and energy transfer is very
easily accomplished, since, as the Handbook says
right here, ‘the maximum transfer of power output
from one circuit to another is possible when the
circuit impedance is equal to the line im-
pedance’’V

“You're way over my head. Never mind,
though, ['ll get out the Handbook tonight and
do my best to figure out what it’s all about.”

Lee thought for
] aminute. “It is best
" that you use a two-

fair for your place,
I think, and your

magt is high enough
J to use 40- or 45-foot

feeders. It i3 much
eagier for anyone
not very much ex-
perienced in this
stuff to put up a
tuned two-wire feed system than a matched-
impedance affair, so I wouldn’t advise you to
try it yet. Now about the lengths. That back
yard of yours is long enough for a funda-
mental 7-me. or ‘forty-meter’ antenna. Notice
I have been talking a lot of ‘meter’ stuff in this.
Well, it is much simpler to deal in meters than
in kilocycles when speaking of antennas, since
there ig a very simple relation between the funda-
mental or highest natural wavelength of the
antenna, and its length in meters. On the aver-
age, the fundamental wavelength is the length of
the radiator in meters multiplied by about 2.1;
or the length in feet is about 1.56 times the
wavelength in meters — but this figure varies
gsomewhat over a narrow range. This is because