


Just Out—
The New Fourth Edition of

By HANDY and HULL

FOR THOSE WHO DON'T KNOW IT:

The Handbook is a practical manual of amateur radio in all its
phases, published by the American Radio Relay League, the
amateur’s own organization. It starts at the beginning and
tells the whole story: What amateur radio is, How to he a
radio amateur, How to obtain your licenses, How to build the
simple apparatus of a simple station, How to build the bhest
known apparatus for the most modern station, How to operate
the station. Enough information to keep vou busy and inter-
ested for five yvears.

FOR THOSE WHO DO KNOW IT:

For vears the Handbook has been the practical working guide
of successful amateurs the world over. MNow it has been com-
pletely revised in terms of 1929, by Mr. Handy, the League’s
Communication Manager, as to all the aspects of operating
procedure, and by Mr. Hull, the director of the League’s cur-
rent Technical Development Program, as to all its features
of apparatus and technical matters. Everything in it is on a
1929 basis, replacing the 1928 methods which used to be good
enough but aren’t any more.
MUCH THAT [5 NEW—ALL THAT I8 GOOD

Like Q)ST, “Devoted Entirely to Amateur Radio”

Now in its L.3d thousand
240 pages, B4L x 4, 188 (llustrotions

In wealth of treatment and profusity of illustration the Hand-
hook is a big hook. Printed in usual textbook style it would
bulk 500 pages and cost at least $4, but its publication in the
familiar QST format makes for handiness and enables its
distribution at very modest cost.

$1.00 POSTPAID ANYWHERE IN THE WORLD

CLIP A DOLLAR BILL TO YOUR NAME AND ADDRESS
WE'LL KNOW WHAT YOU WANT

American Radio Relay League, Hartford, Conn., U.S.A.




ANNOUNCES
RADIOTRON
UX-866

A stindy recuitier with u low and constant volt-
uge drop.

Thisis RCA’slatest contribution to Amatene Radio,

A hot-cathode, mercury vapor rectitier, that estab-
lishes o new standard of performance for the
amateur transmitter operating with rectified plate
supply.

Ample in current capacity, and possessing a fow
and constant internal voltage drop, Radiotron UX-
866 in half or full-wave cirenit connections, is es-
pecially suited for supplying the transmitter with
stable rectified plate voltage,—key up orkeydown.

The rugged construction. of Radiotron UX-866,

Filament Volis . . . . . . 2! e . g s
. P ) the relatively low temperature at which it operates,
Filament Amperes . . . . . 50

the fact that no starting mechanism is required,
—-all these are factors insuring satisfactory
Mex. Poak Plate Amperes . . operation.

Max, Peak Inverse Volts . . 5000

Approx. Tube Foltage Drop(Volts) 15

M. Overall | h 631" If your dealer cannot supply you, the nearest RCA
Max. Overal! leng e . 63

District Office listed below will be glad to send

Max. Gwerall Diameter . . 2716 you Radiotron UX.866 postpaid, on receipt of
List Price e e e e BI250 money order and call letters of your station.

RADIO CORPORATION OF AMERICA

300 W-t‘ﬁt Mouroe Street 233 Bro adwav 235 Movntgoxfaery Street
Ciicago. il . . e - San Francisco. Cal.
New York City
Sama Fe BEldg., t nit No. & 101 Marietta Street
Dalles, Texas, Atlanta, Ga.
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Taper
Plate
Cardwell
Tvpe 191E
Ideal Far Short ¥ ave Receivers

"“The “Best is The Cheapest”

~Benjamin Franklin

HE nearest Ben ever came to anything even remotely
connected with Radio was when he fiew his kite and
drew sparks of static electricity from his kite string.

The simple appurtenances of his day have been mul-
tiplied a thousand times but the same old adage still
holds good, right down to condensers.

Extra pennies invested in the best obtainable con-
densers pay handsome dividends and using second rate
condensets is poor economy.

Cardwell Taper Plate Condensers are sturdy, vibra-
tioniess, hold their calibration indefinitely and the pur-
chase price includes satisfaction insurance.

Good enough for the biggest of the big boys—-fellows
fike the G. E., R. C. A., and Uncle Sam, and if they
don’t know who does? Gold plates and funny jim-cracks
may look impressive, but they don’t infuence the fellows
WHO KNOW THEIR CONDENSERS.

CARDWELL CONDENSERS
TRANSMITTING ° RECEIVING
FIXED AND VARIABLE

“THE STANDARD OF COMPARISON”

Cardwell Taper Plate Condensers are made
in five capacities— 000075 to 0005,
All good dealers have Cardwells.

If you want them and vour Dealer doesn’t
stock them, send direct to us.

[.iterature is vours for the asking.

The Allen D. Cardwell Mfg. Corp.

81 PROSPECT STREET BROOKLYN, N. Y.
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General Radio Company

N THE TYPE 558 Amateur-

Band Frequency Meter a

fixed air condenser iz con-
nected in parallel with the
variable condenser. This ar-
rangement spreads a mnarrow
hand of frequencies aver the en-
tire wavemeter =zcale which
wreatly increases the accuracy
ot reading. Five coils are used,
covering the following amateur

bands:

Coll A ooeviiin... 56,000-60.000 K.
Coil Bo.oovuan... 28,000-32,000 Ke.
Coil Cuvrvvvnrss. 14,000-18,000 Ke,
Coil Dovveennnn, .. 7000 5,000 Ke.
Coil K....... veeee 8,500- 4,000 Ke,

The accuracy of calibration is to
within 0.25¢9. When it is con-
sidered that thig is the same pre-
eision as is gnaranteed for the
Type 224 Precision Wavemeter
which sells at $190.00, the low
price of this instrument is par-
ticularly striking.

Type 558 Amateur Band Frequency Meter
Price - - %20.00

Bulletin No. 931

describing our complete line of A wooden case with 4 mounting
Radio Apparatus mck for ‘tlhe (*m’m( and for the
condenser is supplied with each

wavemeter.

will be sent on request

GENERAL RADIO CO.

30 STATE STREET CAMBRIDGE, MASS.
274 BRANNAN STREET SAN FRANCISCO, CALIF.
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The

1e American Radio
elay League

American Radio Relay League, Inc., is 2 non-eommercial

association of radio amateurs, bonded for the promotion of interest in
amateur radio communication and experimentation, for the relay-
ing of messages by radio, for the advancement of the radio art and
of the public welfare, for the representation of the radio amateur in
legisiative matters, and for the maintenance of fraternalism and a
high standard of conduct.

It is an incorporated association without capital stock, chartered

under the laws of Connecticut.

Its affairs are governed by a Board

of Directors, elected every two years by the general membership. The

officers are elected or appointed by the Directors.

The League 1s non-

commercial and no one commercially engaged in the manufacture, sale
or rental of radio apparatus is eligible to membership on its board.
“0Of, by and for the amateur”, it numbers within its ranks prac-
tically every worth-while amateur in the woﬂd and has a hlstory ot
gioimua achievement s the standard-bearer in amatear affairs.

Inquiries regarding membership are solicited.

A bona lide in-

terest in amateur radio is the only e%sscntial qualification; ownership

of & transmitting station

yuisite,
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N LATE December the Federal Radio
I Clommission presented an expectant radio

world with a Christmas package of large
proportions in the form of the Ilong-
awaited decision respecting the so-cailed
continental frequencies between 1500 and
8000 ke. Throughout 1928 a prodigious
amount of study had been given these fre-
quencxes in Washington. Numerous hear-
ings were held, thousands of applications
were received and considered, several con-
ferences were held with the other nations
of North America, technical experts labored
and veported at the request of the Com-
mission, unreckonable testimony was taken.
It has been a problem of great magnitude,
next in importance only to the defermina-
tion of policies with respect to hroadeasting
and the higher frequencies above 6000 ke.
The Commission’s decisions are of what
i known as far-reaching importance, con-
cerning many phases of which it is not our
business to comment now. We amateurs
have had & vital concern in the question,
however, because included in this frequency
range are the two amateur bands from 1715
to 2000 ke. and from 3500 to 4000 ke. In
the international treaty signed at Washing-
ton in 1927 these two bands are internation-
ally marked as shared between amateurs
and the fixed and wmobile services. This
means that any government may make such
sub-divisions of these bands as it wishes
amongst these three zervices. In our
country, of course, our government’s repre-
sentatives to the International Conference
were willing to agree that these bands
should be assigned to amateurs, except for
the extent to which the last-named band is
shared by Naval aircraft at sea by authority
of the President.

Until the regulations in this frequenecy
range were definitely announced by the
Commission. however, the outcome had to
be regarded as uncertain and there was
much jockeying for position throughout the
year on the part of various radio interests,
including many people who could not under-
stand why any such appreciable extent of
radio territory was to be given to amateurs.
Representatives of our ARR.L. were in
attendance at Washington throughout last
yvear when these guestions were being con-
sidered, for we all know that that 3500- o
4000-ke. band is our life’s biood now, the
only piace in the spectrum where we really
have room enough to turn around in. There

is really a frightful amount of radio acti-
vity going on in Washington zll of the time,
and we wish that the members of the League

could know how much of the unseen
effort ai Headquarters is expended in the
constant effort to look after our affairs
there. Much of it never gcts reported in
ST to the general membership, as gener-
ally it is not “news’” unless there is some
actual change in regulations.

In the present case, however, it is with
real pleasure that we veport that the Com-
mission’s announcements confirm the assign-
ment to American amateurs of these two
hands. Thus one long-awaited and impori-
ant hurdle in our progress towards read-
justment under the 1927 convention is safely
fopped.

We breathe more casily and look around
us. We find the gouvernment radio depart-
ment talking about us in their annual ve-
ports. The Federal Radio Commission’s
annual report to the Congress had the fol-
lowing to say about us:

“There are 16,926 amateur stations li-
censed. The rvadio division of the Depart-
ment of Commerce has generously codper-
ated with the commission in the handling of
amateur-station licenses,

“The international convention authoriz-
ad each (Government to assign certain fre-
quency hands to amateur use. The Com-
mission has followed the policy of authoriz-
ing amateur use of all such bands. The
Commission hag felt that the amateur has
aufﬁcxentlv demonstrated his usefulness,
both in furthering the progress of the sc1-
snce of radio and in 101‘1’!15}1]1’!2‘ service in
times of emergency, to justify a liberal
policy with regard to his operation.”

Amateur radio has grown in the past
government fiscal vear. The figure 16.9.&;
represents an increase of 6.3 percent in
the number of licensed amateur stations.
Mr. Terrell. the Chief of the Radio Division
of the Department of Commerce, in his an-
nual report tn the Secretary of Commerce,
comments as follows about us in the portion
of his report relating to amateurs:

“The amateur radio operators have re-
ceived international recognition. At the
International Radiotelegraph Conference,
held in Washington October 4 to November
25, 1927, agreement was reached whereby
the status of the amateur radio operator
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was defined; his service as an experimenter
and his value in promoting international
wood will recognized, and his continued acti-
mty assured by the allocation to him of
vertain wecmed wave lengths. 'This recog-
nition was accomplished through the efforts
of the delegations of Canada, Italy, Aus-
tralia, New Zealand, and the United States.
The new international treaty provides a new
system of amateur calls to indicate nation-
ality. ‘The provisions of the new treaty
become eifective January 1, 1929,

“In September, 1927, at the request of the
radio division, the American Radio Relay
{.eague made a survey to determine to what
extent amateurs and former amateur radio
operators are occupied in the radio industry.
While it was impossible to get reports from
all organizations employing men coming
under this heading, the list furnished gives
a fair idea of the extent to which the radio
art and industry has recognized the value
of amateur training and experience. Of
those engaged in executive positions in the
radio industry. the list shows 45 presidents,
16 vice pregidents, 5 general managers, 69
managers, 87 owners, 324 engineers, 19 an-
nouncers. and 11 directors. This does not
include those employed as operators.”

Bpeaking of the International Conference
he again mentions that:

“The conference gave definite recognition
tn the amateur in international radio com-

OsT
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munication. The allocation to» amateur
service of four exclusive bands and itwo

nonexeiusive bands was secured through
the efforts of the American delegation, with
the support of the delegates from Canada,
Australia, [taly, and New Zealand. The
result is to give the amateurs much greater
assurance of making contact with one an-
other internationally.”

‘We write in the early days of January.
January 1st, another tremendous hurdle, has
been Safely crossed, and somewhat to the
surprise of some of us we seem Lo be still
alive and kicking. The air seems very much
the same ag it was before; in fact, too much
%0, There are no changes in amateur regu-
fations except in the width of our bands, but
gvery amateur knows that these widths
were changed effective the hrSL of the vear.
We cannot feel that there is excusable rea-
gon for an amateur operating outside the
new frequency bands—our preparation for
success within these limitations has been
thorough and the means are at hand. Al
of us must realize, whether we wet any
great pleasure in the thought or not, that
the high-frequency spectrum is now a high-
ly-organized area nicely laid out in neat
gkinny strips, and he who gets on the wrong
side of his fence is very liable to be jerked
up without warning for trespass. We can
gtill have plenty of fun—let's play the
game.

K. B W,

Official Frequency Stations

HE Official Frequency Station sys-
T tem furnishes a sgervice cooperative
) with but differing from that of the
Standard Frequency Stations, W9XL, which
is also operated in accordance with plans
made with the O.F.S.Committee.

The chief duties of the O.F.8. ave to in-
dicate the frequency of each itransmission
at its termination, to check the frequency
of other transmissions when requested and
to aid in the general work of keeping all
amateurs within their assigned bands. The
announcement of frequency at the end of
cach transmission will be in kilocycles and
consist of four or five numerals without any
punctuation whatever.

An accuracy of at least 0.5% is required
of all O.F.8. and it is expected that they
will check their frequency meters at least
once every two months against a suitable
standard or Standard Frequency transmis-
sions from W9XL,

i See page 68 of the November issue of
QST

The present list is as follows:

W6XAO-WEZV, VE3FC, 0Z2AC, W6AM,
WICK, WIAWW, WEEQ, W4XE, WHZAV.
WIOEGU, W6ZH, W2MU, W4BY. WHSP,
Wi1GQ, W2DS, W1BZQ, W6BGM-WECVO.
WoIG, WI1ZL-WIAVW, W2CLA, W8GZ
1VV?‘?ZG WIBGK, EGZNM, VESAL, WSAPZ.
WHOX, W1AAC, WBBZT, YF3CU EG20D,
WGCAE. WIAX(Q, WeCPM, WEEW, W1-
AXA, WIBGH, EG28Z, W6BB, W8DA,
WOAUG, VE2BE, W2BRS, VE4BT, OA-
5BG, W4LK, EGGISNJ, WICCW, W8BATU,
WoUZ, W2EF, W6AKW, W6CDY-W6CRX
WEAYC, W6BRO, WEWN, W6BMW.
W6CMQ, WTAAT, WYAHQ, WIEFO,
W6EBAJ, EGSYK, W6BZU, WiBD, W5NW,
OATCW, WEEC-W6XE, WeQX, OABLF.
W6QL, W5BG, W2ZDC, WIBVC and W2UV,

-—H. P. W.
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The Requirements of Transmitter Keying

A Review of Principles and Methods Together With Suggestions
Concerning Some Modifications for 1929 Operation

By Ross A. Hull*

array of texi-books and manuals

treating radio principles and prac-

tice and the technical periodicals
devoted to the same subjects you would find
a curious disregard of considerations in-
volved in the keying of transmitters.
Through hundreds of pages the tubes are
arranged in a variety of circuits, adjusted
to fulfill the requirements of various equa-
tions and so caused to provide the most stable
frequencies at certain efficiencies. Then,
when the tubes are about to hecome useful
for radio communication the books usually
iapse into a chapter on “Antenna and Rad-
iation” or perhaps just an index. Heying
probably has received wider treatment in
OST and The Radio Amateur’s Hondbook
than in ail other radio publications together.

Of eonrse. there is an explanation for this
condition. Most technical manunals are writ-
ten for the professional radio engineer in
whose field keying is a problem only in
apecial instances. The commercial trans-
mitters of the present day are each pro-
vided with a frequency channel all to them-
selves. Usually they are located where in-
terference with broadcast reception is not
a consideration. Then, they are almost in-
variably crystal-controlled. Under these
ronditions the keying problem is just one of
causing the output of the transmitter to be
interrupted at perviods demanded by the
speed of keying.

In amateur work, however, where the
transmitting antenna and the neighbors’
hroadeast receiving antennas make ¢ris-
eross patterns over the back fence; where
the self-excited transmitter is of necessity
the back-bone of most stations and where
the amateur signals of all the world are
hoxed up in narrow frequency bands, the
importance of the problem is of a very dif-
ferent order. And yet it is surprising how
keving is neglected by amateurs except in
cases where interference with broadcast
{isteners makes some careful censideration
of it @ mnecessity, ‘Transmitters may be
built in accordance with what is now con-
sidered good practice, they may be adjusted
mechanically and electrically to give the
most stable frequeney and the cleanest note
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but at this stage there is usually an abrupt
break in the sequence of affairs. *“That
sure is a nifty note”, is the exclamation.
“Let’s have that key—we'll see if we can
raise someone”. And the key is hitched in
the center-tap, or the gridieak lead, where it
usually remains to cause thumps or chirps
until such time as the neighbors demand
some modification. We know all that—we've
done it ourselves. But times have changed.
The broadecast listeners must still be con-
sidered, but now, for purely selfish reasons,
the amateur is obliged to pay as much atten-
tion to the keying as any other feature of
the iransmitter. Investigation has shown
definitely that even the very best “1929 type”
carrier can be hacked into an “early 1928
tyFe” signal if keying is performed improp-
erly.

In previous articles we have shown that no
particular difficulties are involved in build-
ing and adjusting a trangsmitter to give that
standard of frequency stability and note
character which have heen styled a “1929
type” signal. So far, however, we have not
treated the manner in which such a signal
can be chopped into dots and dashes effect-
ively., We are to see that the attainment of
a high quality signal is one problem while
the keying of it without destroying its
quality is another of perhaps equal im-
portance, We trust that we will be par-
doned, thereforve, if we wander off into a
thicket of preamble and explanation in our
attempt to tell the entire story.

One possible specification for the ideal
keying system for the amateur transmitter
could be outlined in this manner:

1. The arrangement should be sufficiently
gimple in counstruction and operation to be
within the means and abilities of any
amateur.

2. The keying should be positive at all
times.

3. 'The output frequency should remain
constant.

4, High amplitude transients or surges
which give rise to “key thumps” should not
result from the opening or closing of the
key.

5. Rather should the wave train of each
dot and dash be tapered in amplitude at the
heginning and end in order to minimize shock
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excitation of neighboring receiving anten-
nas.

. No abnormal stress on any apparatus
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teving.

7. If possible the plate load should be
veduced appreciably or cut off entirely dur-
ing the spaces.

There is not much doubt that thesze desir-
abilities can be aitained under cerfain con-
ditions, iInfortunately, however, it does
not seem that these qualities can be “trans-
pianted” into any transmitter in which the
rstem is installed. It swould seem that as
much depends upon the condition in the os-
cillatory eircuits of the transmitter as upen
the characteristics uf any keying method.
it is on aceount of this that we have been
unable to arrive at the point Where we ean
specify any one sy stem a the su]utlon to the
keying problem.
that we iaust attempt, a eomprehenswe
treatment of the considerations in order
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to make it more readily possible for the
amateur f{o select the system which most
suits his conditions and then to solve the
minor problems which will he met in the
adjustment of it.

The requirements with which we are to be
particularly concerned in the occupation of
our new bands are those numbered 1, 3 and
4 involving simplicity, constancy of fre-
quency and thump elimination. It is almost
too obviens to vequire mention that any
system fails to provide & wolutlon f’nr the
keying problem unless it is inexpensive and
simple. Without these characteristics the
stem could never be generally and sue-
ressfully adopted. Constaney of frequency
is now a requirement of prime importance on
account of the narrowness of the bands and
e growing use of highly selective receivers.
ignalg of constant frequency can be held
on the peak of a highly selective amplifier
and read through interference which would
swallow a signal that chirped or wandered
over a kiloeyele or s0, The consideration
of key thumps is listed in the “hig three”
since the problem of interference with broad-
cast reception must always be a concern

.

v

of the amateur. In addition, though, we
must remember that key thumps can con-
stitute a souree of interference even within
our own bands,

And so, having decided what we would
oxpect of the ideal system we can examine
the difficulties in our way and the possible
methods of overcoming them.

The question of simplicity—the first of
the problems as we have listed them—is
veally also the first in importance. Thump
filters and other appendages have been de-
vised from time to time but they have heen
used only by amateurs haunted by neighbor-
ing listeners or by particularly sincere or
ambitious men. The arrangement in most
general use has been a simple key which
even if it was not perfect, at least chopped
gnal .into readable dots and dashes
in the simplest possible fashion. Except in
special cases it would now seem that the
true “1929” transmitter cannot possibly be
keyved with a straight key, and in urging
ery amateur to install some keving re-
Anements we hope to be able to present al
jeast some reasonably simple ones. At the
same time we are obliged to admit that the
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simplicity guestion is still inadequately an-
swered. In the laboratory work we have
found it a straight forward matter to ar-
range a near-perfect system providing
cenough chokes and resistors of the right
values were available. 'We have been able
to reduce the systems to a thoroughly prac-
tical form, however, only by sacrificing their
offectiveness.

The operation of the practical keying
systems i1s hampered in most cases first by
the fact that few stations have a power sup-
ply with good regulation. In almost all
instances the plate voltage and sometimes
the filament voltage makes a dip when the
tube takes its load. The frequency of the
tube output is dependent to some extent upon
the voltages and we are, therefore, im-
mediately faced with difficulties in attaining
the next important desirability—constancy
of frequency. In many cases it is impraec-
tical to install & special heavy duty power
supply line which would avoid regulation
troubles and the keying system thus becomes
entangied with considerations of the high
voltage transformer, rectifier and filter
Also it immediately is tied in with
the problems of transmitter tuning, which,
as we know, are concerned greatly with the
reduction of frequency changes due to var-
intion of tube supply voltages.

Yet another difficulty in the attempt to
obtain frequency constancy igs due to the
fact that the frequency output of any but
erystal controlled transmitters will vary as
the heating of the plate changes. If, in
keying, the load is to be removed from the
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plate during the spaces, frequency changes
will occur. If, on the other hand the key-
ing system is so arranged that the load will
be on the tube continuously, then the tube
will heat more seriously than before and the
net result will be to replace the irregular
frequency changes by a relatively constant
and probably more drastic one. On account
of these considerations also, it is seen that
the problems of keying are closely associated
with those of transmitter tuning.

The question of key thumps rotates around
the fact that consequential thumps result
if the voltage in the antenna climbs fo its
full value at too rapid a rate. The key
thump elimination problem for the amateur
therefore consists in making some provision
which will permit the antenna voltage to
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huild up gradually. The making of this pro-
vision is made difficult by the fact that if
the ftube is caused instantaneously to os-
cillate at full amplitude, the antenna voltage,
in the usual antenna, will build up too
guickly., If the tube i3 made to climb into
full oscillation slowly by introducing a lag
in the supply cireuits, further complications
as introduced by the fact that the frequency
will be changing as the supply voltages are
climbing {o their normal wvalue. A rapid
trequency “flip” will then be found at the
beginning and end of each character. Care-
ful tuning also is to help greatly in this
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case. In the same connection we have an-
other consideration which must be under-
stood. When we speak of a 2,000-volt trans-
former we are referring to its effective or
root-mean-square voltage. The voltage out-
put of the transformer is, of course, vary-
ing constantly from zero to a peak value and
hack again and this peak value is 1.41 times
that of the r.m.s. output. Now if the key
iz arranged in such a way as to disconnect
the tube from the filter circuit during the
spaces the condensers in the filter will be-
come charged to the peak voitage of the un-
loaded transformer. Then when the key
is closed, unless special precautions are
taken, the tube will receive a special kick
at the start of each character from this peak
voltage. The result, far from being a grad-
ual building up of oscillations, will be the
sudden starting of oscillations of unusually
high amplitude tapering, after a fraction of
# #econd, to the normal value. Under these
eonditions a thump and & frequency *“fip”
of serious proportions would most certainly
result,

And there is even another factor with
which we are to be concerned in thump elim-
ination. It is that when the contacts of the
lzey open a spark occurs, this spark result-
ing in a thump. If the key is located where
it breaks appreciable power it wiil be found
that provision must be made for the redue-
tion or prevention of this spark.

And here we find ourselves with a great
many words behind us and nothing said as
yvet of practical keying. This is unavoid-
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able, though, since we believe that we must
insist that satisfactory keying can only
arely be accomphshed bv following a wir-
ing diagram, {t has been our conclusion
that the amateur must know what he is try-
ing to do with the keying apparatus in order
that he may be able to arrange it and adjust
it with the least difficulty.

The practical keying methods, to get
down to brass tacks, ean be resolved into
four general divisions. They are:

{a) Interruption of the primary circuit

of the plate supply transformer.
ib) Breaking of the high voltage sup-
ply to the plate.

ic) Variation oi the mean grid potential

—*blocking” of the grid by nega-
tive bias.

td) Interruption of the oscillatory en-

ergy in the output circuits.

ther practical schemes involve & com-
hination of two or even three of these.

Scheme {a) is limited to transmitters in

which the time lag in the high voltage cir-
mt is something less than about 1/50th of
:semnd»assuming that keying is to be at the
nsual hand speeds. If the lag was greater
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than this a perceptible “tail” on the signal
would malke it difficult to read. Clearly the
scheme, shown in Figure 2, is of little use
in any transmitter which is fitted with an
effective filter. At the same time it is full
of possibilities in connection with the am-
plifiers of a erystal controlled set in which
z simple filter usually is sufficient to obtain
a pure note, Kxperiment hag shown also
that it could be eifeciive when used with &
High-C transmitter carefully tuned—for
a4 transmitter of this type can also be made
Lo give 2 note of excellent quality with but
a small filter. In the case of “self-rectified”
transmitters this scheme (a) is also of ser-
viee, though the cushioning effect of a small
filter is absent. UInless the transmitter is of
low power there will be heavy sparking at
the key contacts in any case. For this rea-
gon a relay with particularly heavy contacts
is desirable.

Scheme (b), the interruption of the high
voltage cireuit, is the one obvious method of
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keying a transmitter equipped with an ef-
fective filter. It is, however, the scheme
most likely to produce trouble unless pre-
cautions are taken., Let us examine the case
of & straight key placed in the negative high
voltage lead.

Asgsuming that the transmitter has been
adjusted satisfactorily and that the key in
Figure § is open, the condensers ¢ will be-
eome charged from the iransformer-
rectifier system to almost the peak voltage of
the transformer. At the moment when the
key is closed the fransmitting tube will re-
ceive this peak voltage and will break into
ogcillations of abnormally high amplitude.
This first burst of activity will last only for
an extremely small fraction of a second
until the load taken by the tube reduces the
charge on ¢ to the normal voltage under
foad. At the moment when the load came
on the transformer, the voltage output drop-
ped as the result of poor regulation and
after overcoming the lag iniroduced by the
choke Ch. this drop appears at the tube,
reducing the amplitude of its oscillation to
the normal steady value. But this is only
half the story for we know that changes.
in plate voltage cause changes in the oscilla-
tion frequency. When the supply voltage
made its dive at the closing of the key not
only did the amplitude of oscillation change
but also the frequency output flipped sim-
ultaneously; the net result of the whole pro-
cedure being the production of a heavy
thump due to the sudden starting of par-
ticularly heavy amplitude oscillations and a
drastic frequency flip due to the change in
supply voitage. At the opening of the key
a flash would oceur at the contacts result-
ing in another thump and frequency splash,
probably of lesser proportions.

In order to overcome these troubles and
reduce this system to a practical form it is
now ¢clear that we require:

1. A means of preventing the dlter
capacity from charging to the peak wvoltage
of the transformer.

2, Bome refinement to improve the regu-
lation of the plate supply.

3. A reduction of the 'f’requency change
with plate voltage change in the transmitter.

1. Apparatus effective in reducing the
flash as the key is opened.

5. The introduction of a time lag so that
aseillations, even of normal amplitude, will
not build up suddeniy.

Since these requirements are common to
most keying systems, we will postpone con-
sideration of them momentarily,

Scheme {(c¢), the blocking of the grid. is
another sound method of stopping and start-
ing oscillations for the work can be done
at this point with less electrical effort than
elsewhere in the transmitter. The simple
connection of the key as in Figure 4, how-



FEBRUARY, 1929

ever, does not by any means constitute a
“1929” type keying system. Asg in the pre-
vious case the filter capacity becomes charged
to the peak voltage of the supply unit when
the key is up. When it is closed the tube
receives the same voltage kick as in the
plate lead keying system and the same sort
of thump and frequency Hip result. The
spark at the contacts is now very much less
on account of the lower current in this circuit
but other troubles are introduced by the
fact that in some tubes the grid does not ac-
cumulate a sufficient negative charge when
free to completely “block” it. The grid
can be provided with an external source of
negative charge to overcome this, ag shown
in Figure B but the major faults of the
system still exist. With the possible excep-
tion of Number 4 the requirements for this
system are the same as those of scheme (b).

The method listed as (d), the interrup-
tion of the energy in the output circuits, has
the immediate advantage that the tube may
oscillate continuously, so making it impos-
sible for the filter to become charged to the
peak voltage and so avoiding some of the
difficulties due to poor regulation in the
power supply. The arrangements shown in
Figure 6 still have the disadvantage that
the antenna is bumped into sudden oscilla-
tion and possess the ability to provide a
heavy radio frequency spark at the con-
tacts as the ecireuit iy broken. ‘The neces-
sary refinements for this method could bhe
listed as:

1. A means of introducing a lag in the
building up of oscillation in the antenna.

2, Provigion for the avoidance of flash-
ing at the contacts.

OTHER CIRCUITS

Some possible combinations of two of these
four methods, (), (b), (¢) and (d), are
given in Figure 7. At A the double contact
key or relay is arranged so as to break the
primary of the high voltage transformer
simultaneously with the negative high volt-
age circuit, the idea being to avoid permitting
the filter capacity to become charged when
the key is open. The arrangement shown af
B is a combination of schemes (b) and {(c).
In this case the breaking of a single lead
interrupts both plate and grid circuits. A
great many other combinations are possible.

REDUCING THE SYSTEMS TO PRACTICAL FORM

In considering the attainment of the de-
sirable refinements let us first talk of re-
gquirement Number 1—a meansof preventing
the filter capacity from charging to the peak
voltage of the transformer. Of the basic
keying gystems only (a) the interruption
of the plate transformer primary can be
freed from this consideration,

Perhaps the most direct solution to the
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problem is that shown in Figure 8. In this
case a double contact relay serves to discon-
nect the filter when the key iz up. During
the spaces the filter will—if the condensers
are in good condition—vetain its charge and
only the normal voltage will be obtained
when the key is closed. Troubles would be
introduced if the two contacts did not open
and close at exactly the same moment and
for this reason careful adjustment of the
relay would be essential.

The use of a double contact relay which
breaks the primary of the high wvoltage
transformer in addition to the negative high
voltage lead is another method of prevent-
ing the filter capacity from becoming charg-
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ed to the peak voltage. As shown in Figure
7A a resistor can be placed across the con-
tact in the primary eircuit so that when
the load is taken off the output of the tilter
the input voltage to it is reduced by un
amount necessary to keep the voltage across
the filter capacity constant at all times. A
high voltage voltmeter is desirable in order
to permit corvect adjustment of the resistor
R. 'The two relay contacts, in this arrange-
ment, must always be adjusted so that the
contact in the high voltage lead opens after
that in the primary and closes before it,
that is, unless they operate exactly simul-
taneously.

A simpler scheme ig that shown in Figure
9. In this case a resistor is connected across
the output of the filter so that there is u
continuous current tHow from the supply
system. In this way the condenser is never
permitted to maintain a charge equal to the
peak voltage. Unfortunately, however, its
charge will be somewhat higher than the
normal operating voltage on load, its exact
value being dependent upon the capacity of
the condensers and the resistance of R. As
R is reduced the voltage built up during the
keying spaces is less but it does not come
down to the normal operating voltage until
the load drawn by R is equal to that taken
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by the tube in vperation, Then the voltage
would stay constant only if R was removed
at the instant that the tube started opera-
tion. Which simultaneous l‘emovai is rather
impractical.

Congiderations of simplicity, cost and re-
liability of operation it would seem, boil
the situation of the peak voltage down to
the use of & resistor acrossg the filter output
-—the resistance and current carrying ca-
pacity of the resistor fo be determined by
the voltage of the supply and the permis-
sible ¢urrent drain from the plate supply
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additional to that taken by the tube. A
practical value of drain current through
the resistor has been found to be about 25%
of the tube plate current. For a trans-
mitter cmploying a single UX-210 this
would therefore be approximately 15 m.a.
The value of the necessary resistance is ob-

K
tained by Ohm’s Law R == T.l‘" For a 500-volt

supply it would therefore be 500 divided by
0156, the result being about 33,000 ohms.
In most cases, particularly if the new mer-
eury vapor rectifiers are used, a much
greater drain than this can be aﬁorded and
the necessary resistance so reduced. A Te-
gigtance of & 0 000 ohms, which would give a
drain of 25 m.s., would be permissible in
many cases. The points to remember are
that as the resistance is lowered its effec-
tiveness in reducing the condenser charge
is increased; but that beyond a certain
puint, dependmg on the constants of the cir-
*ult this inereased effectiveness is at the
expense of smoothing action in the filter;
that the low drain currents require a some-
what expensive amount of resistance but
that the high drain currents require resis-
tance of higher current rating, making the
expense probably of the same order. For
the low current drains necessary with tubes
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of the UX-210 or UX-8562 type, it is pos-
sible that a satisfactory resistor could be
built up from “B eliminator resistors™ ob-
tainable from most “10 cent” siorves. For
the hlgher drain currents, grid leak resis-
tors of suitable current rating wonld be
affective.

THE REGULATION PROBLEM

And now, when we e¢xamine the secontd
necessary refinement of our list we are faced
with one bright fact. It is that the resistor
which we have just mentioned is in iiself a
partial solution to this second problem. It
certainly will serve to make 2 plate supply
with poor regulation fair and & supply with
zood regulation better. Af the same time
it is not necessarily a complete answer. In
order to aftain gond regulation in the sup-
ply cireuits it is first necessary that the
regulation of the supply line is good, As-
suming that the filament is lighted from =z
separate itransformer a simple check on
this is to throw the tube load on and off by
keying the transmitter; at the same time
watching the filament voltmeter. Tf the
filament voltage flickers more than about .1
volt, it is evident that something should
be done gbout the supply line. The dif-
ficulty often can be overcome by running the
plate transformer from one power outlet
and the filament transformer from another.
In the case of high powered transmitters,
however, this may not be effective and thn
installation of a heavier supply line may
be desirable. Providing the filament vol-
tage stays constant during keying, attention
shounid be given to the high vnltage supply
agystem. The most direct check of the high
vultage regulation is to connect a voltmeter
across the output and note the fluctuations in
voltage caused by keying. With the Keno-
tron rectifiers usually employed in the
amateur station, it will be found that an ap-
preciable drop in wvoltage as the load iz
thrown on cannot be avoided. With the new
mercury vapor tubes or a mercury are
rectifier, however, it should be possible to
obtain & supply wvoltage which does not
change wmore than 15% as the load ix
thrown on and off. In many stations a high
voltage meter will not be available and for
the check a d.e. milliammeter connected in
series with the drain registor at M in Fig-
ure 9 can be used. The plate meter will
serve effectively for this purpose.

Aside from considerations of the reciifier
tubes, poor regulation in the high voitage
supply system can be caused by the nse of a
transformer or choke of too fow a mtmg‘
We insist upon the desirability of using a
high voltage transformer with a power rat-
ing of at least three or four times the
power input with which the tube is operated.
Himilarly, in the case of the filter choke and
any other chokes in the high voltage sup-
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ply leads, we would suggest the use of
chokes with a rated current carrying ca-
pacity of at least twice that of the normal
plate current. The use of such over-sized
transformer and chokes may entail more
expenditure but the added cost will be com-
pletely justified. In this discussion we have
assumed that the high voltage and filament
transformers are separate instruments, If
this is not so it is almost certain that dif-
ficulties will be faced in maintaining a con-
stant filament voltage unless the rating of
the combined transformer is a great many
times that of the total load to be placed on
it. Filament flicker, of course, affects the
output frequency of any but crystal con-
trolled transmitters. The lag between
filament voltage and filament temperature
makes the change in frequency from voltage
fluctuations a relatively slow process and,
ag a result, serious frequency “chirps” ean
be caused as the transmitter is keyed. It is
possible to arrange contacts on the key or
relay to short a resistor in the filament cir-
cuit when the key is down, so compensating
for the wvoltage drop on load, but the
scheme is quite complicated. It is our firm
belief that a separate filament transformer
should be used in all cases.

PLATE VOLTAGE V8. FREQUENCY CHANGE

fn our Hst of necessary rvefinements we
have as the third ilem “A reduction of the
frequency change with plate voltage change
in the transmitter.”” Consideration of the
extreme desirability of such & reduetion and
possible means of accomplishing it have
heen given lengthy freatment elsewhere in
this and past issues of QST.! We will not
attempt to cover the ways and means in
detail in this discussion but we feel that we
must ustress the particular importance of
the problem in the field of keying.

In the average poorly designed and poorly
adjusted self excited transmitter it is pos-
sible for a 7H% drop in plate voltage to
cause a frequency change of the order of
15 ke. When the transmitter is keyed with
& straight key in the center tap lead. it is
therefore possible for a frequency flip to
oceur in which the output frequency swings
over about 10 ke. Xey clicks on the band
in which the transmitter was working un-
doubtedly would resuit. The much sadder
part of the story, however, is that if the
keying system was arranged and adjusted
with the greatest care so as to give a tap-
ered wave train as in Figure 1C the fre-
quency {lip would be replaced by a slower
frequency chirp extending over the whole
15 ke. and capable of greater interference
than before. An approximate statement in
summing up this condition is that in any
poorly adiusted self-excited transmitter key-
1, QST, August 1928 page 9. OST, September 1928
pages 4 and 25,

QET 15

ing must result in either eclicks or chirps.
It is only when the frequency change due to
plate voltage change is negligible that the
tapered wave train so essential to the elim-
ination of clicks can be used without creat-
ing a consequential chirp. And it is only
when the self-excited transmitter is correct-
ly arranged and adjusted that frequency
rhange is reduced to a negligible quantity.
Perhaps the greatest single factor in im-
proving the plate voltage-frequency char-
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acteristic is the use of a High-C tank circuit.
Other important requirements are; careful
adjustment of grid leak resistance, grid ex-
eitation, antenna coupling and antenna tun-
ing. Naturally, the monitor is of the great-
est value in permitting the effect of these
and all adjustments of the keying system to
he observed.

REDUCING CONTACT SPARKING

As the fourth refinement we have listed
the reduction of flashing at the key or re-
lay contacis. If we could take a “slow
movie” of the opening of the contacts we
would find that at the inoment when
the contacts first separate the voltage
behind the %ey builds wup and arces
across the gap between the contacts. As
the confacts continue to separate the
length of the air gap is increased to the
point where the voltage is insufficient to
maintain the are. If a path has been pro-
vided across the contacts which would
momentarily provide a place for the ecur-
rent to go when the contaets first opened
the are would never have heen started.
Such & path can be provided without dif-
ficulty in the manner shown in Figure 10.
The action of the condenser resistance com-
hination could be explained very approxi-
mately by sayving that when the contacts
first part company the oncoming voltage
finds that it is easier to flow through the
resistance R into the condenser ¢ than to
break down the nir gap beiween the con-
tacts. By the fime the voltage has fully
charged the condenser ¢ it finds that the
contacts have opened too wide to permit it
to jump the gap. The resistance has the
effect of slowing down the charging rate
of the condenser and its work is therefore
of great importance. If it were not present
the condenser would be charged almost in-
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stantaneousily and it is possible that there
would still be time for the voltage to jump
across the contacts before they had opened
beyond the eritical point. The resistance
also serves to slow up the discharge of the
condenser when the contacts are about to
close, so avoiding a flash at the time when
its charge is dissipated. Unfortunately no
values for the capacity and resistance can
be given which will serve under all condi-
tions. A I-ufd. condenser and a 400-ohm
potentiometer type variable resistor usually
will permit of aatisfactory adjustment,
however.

INTRODUCING A TIME LAG

The use of an inductance in the eircuit
peing keyved in order to introduce a time
lag and so taper off the wave trains has

S

b From
b ol /7
EROH= = R Loffer
o

b4

i

FiG 8

heen common practice for many years. An
inductance has the preperty of opposing
any change in the magnitude of & current
and its use is therefore the obvious method
of introducing the necessary lag. In the
past a great many thump filters have been
deseribed, each one having as iis founda-
tion an inductance in series with the grid
or plate wiring in which a dirvect curvent is
Aowing. Unfortunately they have not been
generally successful, chiefiy on account of
the diffieulty of adjusting the inductance
to the value necessary. On account of the
poor frequency-plate voltage characteristic
of many transmitters any choke which had
sufficient inductance to taper the wave
trains caused s frequency chirp or “tail.”
{‘hokes of lesser inductance savoided the
ehirp but left a elick or thump. Further, it
was found that constants given in a QST
article on some successful arrangement did
not work out satisfactorily in another
transmitter. It was not appreciated by the
amateurs using the systems that the de-
sirable constants were dependent upon the
constants of the filter used, the adjust-
ment of the transmitter and the particnlar
value of plate current at the moment. A
wide variety of chokes of different values
rarely exists in the amateur station and,
as is testified by many hundreds of In-
formation Service queries, thump filters
were widely considered the bunque. The
very same circuits are to be recommended
in this discussion as have been suggested
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all along but there are two factors which
should eontribute towards making them
more practical than they have ever heen.
First they are specified to be used with a
transmitter in which the frequency change
for a 1009% change in plate voltage iz not
more than two or three hundred cycles—a
eondition which can be attained veadily by
using a High-C tank and by careful tuning.
Then, the chokes are provided with a prac-
tical means of varying their inductance
continuously. The time lag circuit consists
therefore of a choke, sometimes used in
conjunction with & condenser, the choke
being shunted with a wariable resistor.
Some eifective systems arve zhown in Figure
11, At A the key and time lag circunit are
arranged in the plate lead and in conse-
quence the choke should be capable of
carrying the plate current without exces-
sive wvoltage drop. Whenever possible a
special transmitter type choke of between
5 and 10 henries should be used but in the
case of & transmitter employing a UX-210
tube a “B eliminator” choke, or two of them
in parallel, could be made to serve. In the
arrangement in which the choke is in the
grid cireuit the primary of an audio fre-
quency transformer can he put into wmer-
vice for the lower powered transmitters
while a “B eliminator” choke can be used
for medium or high powered sets. A suit-
able resistor for use acvoss the choke is
specified under Figure 11.
ADJUSTING THE SYSTEMS

The adjustment of any of these systems
can be carried out most effectively with the
aid of & monitor. The first move, of course,
is to adjust the transmitter with the key
down until the cleanest possible note is
obtained. With any given filter this con-
dition will be obtained when the frequency
c¢hange due to plate voltage change is at &
minimum. In getting the cleanest note one
therefore puts the transmitter in the best

e
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FIG. 10

condition for successful keying. A valuable
check on the adjustment of the transmitter
can bhe made by connecting one or two
lamps in series with the primary of the
high voltage transformer so that the out-
put voltage is veduced by, say 50%. A
gwitch is then arranged so that these lamps
can be shorted out. Opening and closing
the switch then provides & sudden change
in plate voltage and, if the transmitter is
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poorly adjusted, the process will result in
an appreciable change in the output fre-
quency. By listening in the monitor the ex-
tent of the frequency change can be ob-
served and adjustment ¢an be continued
until it is at & minimum. With the average
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SOME PRACTICAL KEYING ARRANGEMENTS INV(?LVIN%THE USE OF AN

PROVIDE

At A the key ond log cireuit Ch., R2Z are connected
in ihe cenier tap lead, sv operaiing in both the pleie
and grid d.e. circuits. In thiz case the inductance
Ch, must be capable of carrying the grid and piate
eurrenis withoul undue voltage drop. At B the ey
ig in the center-tap lead while the lag circuil is in
the d.e. grid lead. The inductance in this instonce
cun be of wmuch lower cwurrent rating than that used
in A. The arrangenment i therefore uszeful in cases
where the available choke iz not wound with sufs
fietently heavy wire to serve in the plete wiring. in
the ciccurtt 0 both key and choke are in the grid
eircuit a scheme which is particularly suited For
high-current tubes with which iey spariing, when
the wvlate circuit <& broken, {1 often difficult to
eliminate. The arrangement [) shows the key in ihe
arid circuit and the log circuit in the plale lead.
Thig connection s well awdapted For use with high-
current tubes also since key aparking s rveadily
climinated and the log cirewit is in o position where
it can play eecond purt in reducing the possibility
of audden high voltage surges veaching the tube
during kewing. 1t iz a wuseful orrongement when
the available choke happens to be heavy enough
for service in  plate cireuit, The resistor R
(deseribed in the text) performs o fumciion essentinl
to the successful operation of any of the circuits in

self-excited transmitter fitted with a High-
C tank the frequency change resulting from
a sudden B0% plate wvoltage change can
readily be reduced to the order of 1/350 per
cent {200 cyeles at 7,000 ke.) Under such
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conditions even a very gradual taper on the
wave trains, which ordinarily would give
& serious chirp, would be tolerable.

In adjustment of the shunt resistor R2 it
is as well to listen with the monitor tuned
to zero-beat with the transmitter for pos-
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INDUCTANCE 10
{ TIME L

reducing the penk voltage built wp in the jlter dur-

ing the keying spaces.

Ri—Variachle resistor of wire wound or carbon-pile
tupe, 400 or 500 ohms.

Row=When Ch., ig of the ordsr of 30-50 henries,
10,000 ohins, When Ch. isz between & and 10 heniies
5,000 chms. For operation in the grid eirewii or
the plate circuit of low-powered transmitlers ve-
aiztors similar to the Bradieyohm are serviceable.
For wmost plate circuits, however, wire wound vo
wigtors or corbon~pile resistors similar to  ihe
Broadleyleate are necessary.

Re—Wire wound resistor belween and
20,000 depending on tube used, See b

t——-(; ar 1 ufd. jixzed condenser, 'aoh‘aae rannq of at
least half plate wvoltage when wused in grid or
center-tap., Voltuqq rating equal to  filler fon-
densers when used in plate le

Ch—=Audio frequency f;ram;former gecondary for use
in grid circuwit of low powered transmitler. (nod
“B Eliminator” choke for grid circuit of wedinm
or high powered transmiltter, When used in center-
tup or plate lead o choke ratsd well above plate
ernrrent of tubs ig tances between
i and 50 henriea are smtable promdmg Rz ia of
the correct value. In some cases a smaller choke
may be found effeclive wihout Rz,

20,000
1.

gible thumps and with the beat note at
about 500 cycles for any possible chirp. No
difficulty will be had in finding the adjust-
ment half way between the thumps and
chirps.
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KEYING THE RADIO FREQUENCY ¢IRCUITS

Experiment has indicated that it is not
veadily possible to key in series with the
tank circuits or the feeder of antenna with-
out producing thumps. At the same time
such keying is particularly free from chirps
and has the advantage that the plate supply
system can be loaded continuously. In cases
where interference with broadeasting is not

7o Antenna.
or Fagdons

Low capacisy, ;I’er-can tact re
agyusted 50 thal yeit
i,

G s s | e
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VOLTAGE NODE
FEEDERS—A,

IN THE
HEME

WEYING AT A
B

RECOMM ONLY FOR THE
2,500 1,715-KC. BAND

When ik

i condepsers are adjusied o that
ghow

; the same veuding lhere
e node near the center of the antenng
el and sparking at t} 2
will be at « 3 z
y between the open eontaets,

. will be least ¢ i

iEant,
v these
ive in permiiting the
In gchewe B a wingle
hy the wmanipulotion of
3 possible to bring the
velay when sporking and
wane’” snoy be iesg noticeable than wilh
The location of the wode can be found
ronvenienitly by lstening fo the irunsmitter in the
monitur then touching the walenno or feeder wiring
at different ploces swith o screw-driver. When the
location of the wvoltage node €8 ilouched the U
frequency change will be caused. Neither spstewm is
partioniariy free from thumps thaugh the Eeying cun
be wmade wevsnally “clean’.

# consideration they might well be put into
service, Ieying in the feeders or antenna
ag shown in Figure 12 provides the possi-
bility of a particularly steady frequency
when adjusted eorrectly but its use has
been found satisfactory only on the 3,500 or
1,716 ke, bands. On the higher frequencies,
even if a relay with low capacity contacts
ig used, it has bheen found that & back wave
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is radiated. In installing such a system
it i3 important that the contacts are at o
point of low voltage in the system. Perhaps
the best plan is to place the relay within
six inches or so of the antenna eoil, adjust-
ing the series condensers until the voltage
node is at the center of the inductance. A
neon bulb is almost indispensable in o-
termining the location of the node.

SPOILING A GOOD KEYING SYSTEM

One of the most important of many un-
solved problems in the self-exeited trans-
mitter is the elimination of the frequency
changes resulting from changes in piate
temperature. In any self-excited transmit-
ter the frequency ean be held extremely con-
stant, once the tube has heated fully, just
so Jong as it is left in full oscillation. Un-
fortunately a keying system which changes
the Joad on the tube also changes the plate
temperature and some frequency shift re-
sults. If the system is one which permits
the tube to oscillate continuously, the plate
heats more rupidly and attains a higher
temperature, making the result about as
sad. The use of a High-C tank is of con-
siderable value in reducing the trouble on
aceount of the fact that the tube capacity
iz then a lesser percentage of the capacity
across the tank coil. Even so, the difficulty
still exists. At the moment we find that our
only recommendations are that the iube ig
always operated so that the plate iz never
run at the temperature which shows color
when the filament is suddenly switched oif.
In High-C transmitters, providing the input
does not exceed the tube rating, this con-
dition can be obtained readily.

Ancther way in which keying can he
made to wreck a good signal is by mount-
ing the key or relay where it will cause
the transmitter to vibrate. It is very de-
sirable that the key be mounted on a table
separated from that on which the transmit-
ter is located. When a relay is used it also
should be on a separate mounting, prefer-
ably one attached firmly to the wall. An
alternative scheme involves mounting the
relay on rubber sponges,

The relay itself is an important item. In
any system where keying is accomplished in
the radio frequency circuits s velay is es-
sential to avoid hand-capacity effects. When
keying is performed in the plate circuit or
the center-tap of s transmitter operating
from mozre than 500 volts the use of a relay
ig also of the greatest importance. In fact,
it is considered good practice to use a relay
in all keying systems.

BOMK SPECIAL SYSTEMS
The keying of a well adjusted masier-
osciilator-amplifier transmitter and particu-
larly that of a crystal controlled transmit-
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ter is in general simpler than the keying of
self-excited transmitters since the fre-
quency-plate voltage change is not a con-
sideration. Thump elimination, in these
cases, is the one important object and it is
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KEYING SYSTEMS PARTICULARLY SUITED
FOR USE WITH M.O.P.A. OR CRYSTAL
CONTROLLED TRANSMITTERS

fn the eircuit A the lime lag unit i3 in the bigs
fead o the amplifier grid. {n wmost cases the wmere
vpening of the grid cireuit will st prevent the
fiow of amplifier current and for this recason ihe
battery B is included. Jla purpoge i lo hammer
the amplifier grid wnegaitve when the key {8 up.
The vesigtor K1 is used to limit the current flowing
from B through the key when it is down. & 5,000
vhao gridieal will serve when B does nol exceed 45
volts. A  proportionaiely higher resisiunce in ve-
quired when B iz vf a higher wvoltage. B {2 ad-
Justed wi the key up wntil the amplifier plate
current iz zero.

The connection of the lag circuit 3w the high
voltage supply io the amvlifier a8 in circuit B is
desirable when wmedium or high vower is used {n
order to provide a “cushion’ againet plate woltage
surges during keying. Ch, nnd R2 are as specified
under Figure 11.

simplified greatly by the fact that the wave
traing can be tapered without serious fre-
gquency chirp. The amplifier of a master-
oscillator transmitter can be keyed in the
plate eirenit though this requires the con-
nection of the key and time lag circuit in
the positive high voltage lead if the oscil-
lator and amplifier ave operated from a
common plate supply. A relay would be
essential in such a case to avoid the danger
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of receiving a shock. {t is probably pre-
ferable to arvange the key and lag cirenit in
the amplifier grid lead as in Figure 13.
Similar arrangements c¢an be used for
the crystal controlled transmitter,
- Other more complex arrangements could
be drawn up in dozens—the circuits given
represent but a few of the hundreds of pos-
sible variations. A great many others have
appeared in QST from time to time and un-
doubtedly will continue to appear. The im-
portant points are just that all of them
are aimed to accomplish the same vesult
and that it is an understanding of the ob-
jectives and possible means of attaining
them which will be of the greatest service
in the adjustment of any of them or the
evolution of others.

N

Standard Frequency Transmis-
sions From WO9XL.
Schedules for February

srhedula AT sehedimle B
Gentral Sentral
Standard Frequency Standard Freguency
Time (PM) n ke. Time (PM) in ke.
2300 7,300 3:00 30,000
8:12 7,225 3:12 29,000
¥ 7,160 3324 25,000
7,075 3:36 14,400
7.000 3348 14,300
9:00 4,000 4:00 14,200
9112 3,750 43112 14,100
G224 3,500 4:24 4,00

Division of Time

4 minutes—CQ CQ CQ de WIXL WIXL
WX L.

3 minutes—series of letter “d” with the
dash about five seconds long and broken
every half minute for station call letters.

1 minutes— -—frequency: ke.

4 minutes—time allowed to change to
next frequency.

DATES OF TRANSMISSION

February Schedule
;); -‘.’B”
&th “AY

22d “A”

All O.F.S. should use these transmissions
to keep their frequency meters calibrations
within the required limits of accuracy. It
will be appreciated if you will send us a
report on your reception of these signals.

Hee page 8 of the November issue of QST.

. P. W,

e Strays s

There is another reason why you should
“pin” an ARRL emblem to your car.
W5AMK had one on his car and five hours
after it had been stolen, it was recovered by
the police. He believes the yellow and black
diamond had a great deal to do with if.

- xr 1
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A New Type of Rectifier Tube for
Amateur Use

0. W. Pike* and H. T. Maser*

The wmulier of vblaining suitable vectifiers for plate supply systems for amateur transwmiilers has
been one upon which much work has been cipended. Practically all reclifiers have some bod disad-
#: the chemical rectifier is cumbersome and sloppu, the Kenotron has o high tnternal drop and
NIy are requires o large amount of accessory eyuipment, This article describes a hew mereury
thermivnie tube that combines the simplicity of operation found in the RKewotron with the low
ol drop characteristic of the mercury vapor tube. 1t bids fair 1o become the wmogt important
velopment in rectifiers that the weleur has yeb seen and ab this time when we are looking about jor
suitable power supply systems for vwr 18287 transmitters, i is of extremes imporiance to ws.—Editor,

It may seem strange that the current can
increase without an increase in voltage un-
til it is remembered that as the current in-

HERE has recently been developed
for amateur use a new rectifier tube

known as the UX-866, involving a
new principle of operation.
is known as a hot cathode
vapor vectifier, and ‘the purpose of this

tube

article i to tell something of its
¢haracteristics and the best condi-
tions for its use.

The new tube employs a hot
cathode of the *Wehnelt” type
and contains mercury wvapor. [t
differs from the usual mercury
ar¢ tube in two ways, First, it
operates at relatively low tem-
peratures so that the vapor pres-
sure of the mercury is low. This
results in a high breakdown volt-
age between the clectrodes in an
inverse direction. Second, the
rectified current is made up of
electrons emitted from the fila-
ment rather than from a pool of
mercury. In this respect the
tube iz similar to the ordinary
high vacnum two-electrode reecti-
fier tube but it differs from the
high wacuum ftube in that the
ionized mercury vapor neutralizes
the electron space charge sround
the filament. This means that
where in the vacuum tube a hun-
dred volts or more might be re-
quired to give a certain plate
current the mercury tube will
wive the same current with only
about 15 volts between plate and
filament. Of course, just as in
the vacuum tube the current can
never be greater than the elec-
tron emission of the filament, but
up te this point the voliage
necessary to pass the current is

4

practlcallv independent of the current and

is never more than about

mercury

This

EADIOTRON
{/X-x66
This tube borrows a
little from wmost el
the types with which
we gre fomilinr. The
Aiament i3 of the flat
rehbon  coated  fupe
drawin 5 amperes
al &5  wolts. The
plate 18 about as large
ws @ guerier dollar
and {2 edge is turned
down  towards the
jflament,  The plate
load terminates in &
cap such ax iz found
an the 222 and the
ylaws envelope ia gimi-
lar in wize to lhe 310,

volts.

#[eseurch Laboratory, General Electric Company,

Schenectady, N. ¥,

creases \
which further neutralize the electron charge
around the filament and permit additional

more positive ions are formed

electron current to flow.

The cathode is a coated ribbon
filament which gquickly assumes
its operating temperature when
the tilament wvoltage is . applied.
This type of filament is especially
well suited for operation in mer-
cury vapor and is not harmed by
high inverse voltages; that s,
voltages in a reverse direction
during the half cycle when no
current is flowing, As the volt-

age drop within the tube is al-
ways low there is no harmful
jonic bombardment 