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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. 1L starts at the beginning and tells the whole story: What
amateur radio is. How to be u radio amateur, How to obtaiu your licenses,
How to build the simple apparatus of a simple station, How to build the
best. known apparatus for the most maodern station, How to operate the
station. Enough information to keep you busy and interested for five years.

FOR THOSE WHO DO KNOW IT:

For years the Handbook has been the practical working guide of successful
amateurs the world over. Now it has been completely 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
current 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’i, any more,

MUCH THAT IS NEW — ALL THAT IS GOOD
Like QST * Devoted Fntirely lo Amateur Radio”
Now in ifs 43d thousand
290 pages, 6Y4 & 914, 188 (llustrations

In wealth of treatment and profusity of illustration the Handbook is « big
book. Printed in usual textbook style it would bulk 500 pages and cost at
least 1. but its publication in the familiar ()S7' formal makes for handiness
and enables its distribution at very modest cost.,

ALGERIAN PAPER COVER &1 STIFF BUCKRAM BINDING 2
Postpaid anvwhere in the World

American Radio Relay League, Hartford, Conn., U.S. A.
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A 7.5 WATT SCREEN-GRID R. ¥F. POWER

RCA

Radiotron
UX-865

AMPLIFIER OR OSCILLATOR

And now, the newest addition to the screen-grid transmitting iube family—
Radiotron UX-865

In transmitter cireunits operating at the higher frequencies. Radiotrou UX-865 will
prove its effectiveness as a radio irequency power wnplifier, Its sereen-grid elimi
nates the necessity for neutralization to prevent feedback and oscillation,

Then too. in these days of “staving put” on a definite transmitting frequency, Radio

tron UX-805 tends itself admirably for use by the amateur as a erystal-controlled
oscillator,

When used in cither way, Radiotron UX-865 will give permanent satisfaction to its user .

If your dealer cannot supply you. the nearest RCA DISTRICT OFTICE listed be-
tow will be glad to send you Radiotron UX-865 postpaid on receipt of money order
and call letters of vour station.

Average Characteristic Values

¢ Plate Volts 500

« Volts 7.0 AT Grid Volts 0

Filament ) Amperes 2. Screen Volts 125
Max. Plate Volts. 500 Filarnent Volts-KMS ;) )
Max. I’late Dissipation (watts) 15 Plate Current (ma. ) 21
Max. Screen Dissipation (watts) 3 Plate Recistance (chmer) 200000
Power Output (watts) [+ Mutuai Conductance (ma./v) [ Rrés}
Amplifiention Factor a0

LAST PRICE

RADIO CORPORATION OF AMERICA

New York— 201-5th Avenue Chicago—100 West Monroe Stree
San Franci 245 Montg v Street Dallas—Santa Fe Building, Unit No. 1
Atianta— 101 Marietta Street

Bay You Saw It in @57 — Jt Identiies You and Helps @87

]



CIE R AR RINTY NS <F

FARADON
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MATERIALS
WIRELESS

SPECIALTY APPARATUS
COMPANY
Jamaica Plain, Boston

(Est. 1907)
Manufacturers of
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Electrostatic Condensers for all Purposes
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Announcing ~
THE TYPE 558.P AMATEUR BAND
FREQUENCY METER

Greater
Precision
and

A New

Low Price

$18

Covers all of the amateur bands
Accuracy of calibration, 0.25% |

Individual calibration supplied for each instrument. Easier to
secure a high precision of measurement than with the Type
558 Frequency Meter which it now replaces.

Bulletin “‘P”’ gives the details

GENERAL RADIO COMPANY

30 STATE STREET 274 BRANNAN STREET
CAMBRIDGE SAN FRANCISCO
MASSACHUSETTS CALIFORNIA

|
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The American Radio
Relay League

The American Radio Relay League, Inc., is a non-commercial association
of radio amateurs, bonded for the promotion of interest in amateur radio com-
munication and experimentation, for the relaving of messages by radio, for the
advancement of the radio art and of the public welfare, for the represcutation of
the radio amateur in iegislative mattcrs, and for the inaintenance of fraternal-
isin and a high standard of conduct.

[t is an incorporated association without capital stock, chartered ucder
the laws of Connecticut. [ts affairs are woverned by it Board of Directors,
clected every two vears by the veneral membership. The oficers are clected or
appointed by the lhrectors The League is non-commercial and ro one com-
mercially engaged in the manufacrure, sale or rental of radio apparatus is
eligible to membership on its hoard.,

“Of, by and tor rh nateur,” it numbers within its ranks practically
every worth-while amateur in the world and has . history of glorious achieve-
tnent as the standard-bearer in amaicur atfairs,

[nquirics rvgarqu membership are solicited, A bona fide interest in
amateur radio is the only ¢ cnrn) qualification; ox\nvrshu) of a transmitting
station and knowledge of the code .re not prerequisite. Correspondence should
he siddressed to the Secretary,
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187 Hill Ave., Highland Park, 3219 Na, 2 1§ Catherine St.,
Detrait, Mich. Tacoma, Wash, Yallas, Tex.

OFFICERS

President . e e Hiraar 'ukey Maxas, Hartford, Conn.,
Vice-Pre \u/m/, ....... R CHARLES [, STEWART, St. David's, Pa.
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HE annual mecting of the AR L. Board

of Directors oecurs in Hartford on May 3d

and 4th. This is the meeting where the
directors gather in person from all parts of the
ecountry  {including, of ecourse, the Canadian
Ciencral Manager) to look into all the ramitiea-
tions of A.R.R.L. affairs and to muke plans aud
smitline policies for the following year.

ARRL. Qs representative  government.,
These: directors have been cleeted by the member-
ship in each division 1o represent them in deciding
what A.R.R.L. shall do, what it shall not da,
what its attitude shall be on important topics,
how it. shall go ahout doing the things it under-
takes to do. It is worthy of cimphasis that the
headquarters office of the League does not settle
these things: all =uch functions helong to the
Board, the governing body in our A R.R.L., and
through an ensuing year the headquariers ofliec
carries on under and is bound by the plans and
policies laid down by the Foard. Such meetings,
then. are of the greatest importance, When yvour
director attends this coming meeting, he is vour
representative, speaking for all the members in
his division. That is the machinery wherceby you,
an individual member. participate in deciding
upon A.R.R.L. activitics.

Your dircctor wants to hear from you. Our
eonstitution imposes upon directors the duty of
keeping themselves informed on conditions and
activities in their respective divisions, #nd on the
needs and desires of the League members therein,
that they may faithfully and intelligently repre-
sent them in the Board of Directors,” L you
have anything on your mind, now is the time to
tell your director about it. [Have you troubles,
are you wurried about something in amateur
radio, have vou a hot suggestion? Write vour
Jdirector about it, The addresses of all the dirce-
fors uppear on page 6 of this issue. Yours will be
glad to hear from you, in preparation for the
coming meeting.,

P \HE annual =hakespeariun radio drama.
“To be or noti to he,” is again on the Con-
gressional boards at \Washington as we

write, the purpose being to determine whether or

not. the Federal Radio Commission shall be
sontinued for another vear as the licensing
authority, The “*he's” seem to have it, the House
having acted favorably and the Senate committece
reporting favorabily, and unless the measure
falls by the wavside in the confusion of the last

few days of Congress, the Commission will again

confrol our destinies for another year,

This seems & wise provision, for the Clommis-
sion has much important work in process, work
which can be carried on in the Department of
Commeree only by duplicating the Commission’s
whole claborate structure, au organization of
something like seventy people ocenpying several
dlozen office roams.

\'e amateurs therefore have particular reason
to be interested in the President's recent appoint-
ments to the Commission in the persons of Arthur
Rateheller jrom the First Zone and Cyril M.
Jansky, Jr., from the Fourth Zone, succeeding
Commissioners Caldwell and Pickard, who have
vexigned. The two new commissioners scem  to
us to be admirably equipped for their task. Their
appointment. has strengthened the vommission
and we fecl sure must be regarded generally in
radio circles as altogeiher pleasing., Certainly this
is true from onr viewpoint as amateurs. Both of
the new commissioners know us well. Mr. Batch-
oller has been in the radio inspection service
sinee 1917, for the Jast nine years being the
Supervisor of Radio at. New York, Believe us,
anvbody who has been the 2d District Supervisor
sinee 1920 knows something about amatcur
radio! Professor Jansky is an associate professor

cof cleetrical engineering ut the University of

Minnesota, the hoss at WONI, a consulting radio
engineer of wide experience, and since {424 the
AR.K.L. Direetor from our Dakota Division.
From which it may be deduced that he too knows
his amateur radio, The new commissioners bring
o that body radio  eugineering
ability and a wealth of practical radio experienee,
things which the Commission needs and by which
it is sirengthened henceforth in all it underiakes.
It is & good sign. We salute the new comumissioners
and wish them every success.

professional

E. BoOW,




8 QOsT ApriL, 192¢
Modern Practice in High-Frequency
Radiotelephony

A Discussion of Improved Methods Which Virtually
Revolutionize Amateur ; Phone Transmission
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T WOULD be futile to attempt to establish
that the technique of present-day amateur
radiotelephouy diifers in any important re-

. - speet from that of 1920, More specifically, it
woudd be useless to attempt to prove anv very
general improvement in the techinique by offering
ax evidence the present transmissions o, 4y,
the 3500-ke. band where, with a few notable ex-
ceptions, amateurs still converse in the sane
strange ianguage of gargles. gurgles, jangles and
wheezes which has heen characteristic of amatenr
phone sitice the beginning.

This apparent stand-still is made all the more
curious by the realization that in commercial
technical cireles the transmission of voice prob-
ably has beeu given greater aitention, and en-
joyed greater uadvances, than has any other
branch of radio communication.

‘Fhe prime purpose of this article is not, there-
fore, to describe the design and construction of
amateur phone transmitters of the type in present
general use —— subject-matter treated compre-
hensively in radio literature of the last eight
vears — but ta introduce to the amaicur some of
the best modern practice reduced to terms of
amateur radio.

In 4 few words, the advances of recent years
can be deseribed as a substantial reduction in
voice distortion in the transmitter circuits,
similar reduction in the distortion oceurring be-
tween the transmitter and receiver, and a rela-
tively enormous increase in the range of the
transmitter for a given value of carrier. Along
with the statement we might recall that the most
immportant weaknesses of the average amateur
phone transmitter are: Ura,stw distortion in the

Iu (,bdl‘@..t‘ ARR L

# Asaociate Technical Editor, ¢
Technieal Development Program.

transmitter eircuits: further drasiie distortion be-
tween the transmitier and receiver, aud @ poor
iransmission range for a given vaiue of currier,
Let us examine the factors which are invoived
in these weaknesses, Distortion in the transmitter
itself may result from incorrect design or adjust-
ment of ulmosi unything in the transmitter, The
microphone, the audio-frequency apparatus or
that portion of the radio-frequeney eircuits into
which the modulation is introduced nusually are
guilty. Distortion after leaving the iransmitter is.
however, quite another story. {n amateur work
it is probably one of the most common and least
ricognized troubles. The euse. it would seem,
lies in the varying performance. in the upper
atmospbere, of different frequencies, The output
of & phone transmitter, cssentially & rapidly
changing cluster of frequencies. is apparently not
permitted to travel as & unit. Some of irs fre-
quencies are relarded, some advanced and others,
perhaps, are attenuated or weakened to a value
below audibility. The net vesult, of course. ix
distortion of s peculiarly horrible type. This
asynchronous or selective fading, as it is termed.
is particularly severe on the higher frequencies,
and no method of avoiding it entirelv has as yet
been evolved. Its intensity. however, has bwen
zhowu to be influenced greatly by the Irequeney
atability of the transmitter, and by certain pro-
visions within the transmitter a highly improved
perfortnance hus heen made possible. The fre-
quency instability which is so concerned in the
trouble is not the type of instability which causes
the note to waver or creep, It is the rapid fuctua-
tion of frequencv accompanying inodulation,
lnown in technical eircles as **dynamic frequency
instability " — the very same animal as the *fre-
queney flutter’ about which we have said so
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much in these articles. In code work ‘*frequency
Hutter'' results in a poor note and unnccessury
interference. In phone work if introduces addi-
rional interference also. but w result of greater
consequence to the individual behind the signal is
that it seriously limits the possibility of producing
intelligible speech at the receiving

gsT 0

produce some sort of a noise at the receiver
ipreferable & clear musical noise's, broken up
into dots and dashes by a key. The noise need
not bear uny relation to uny noise at the trans-
mitter providing it is keyed on and off in accord-
ance with the telegraph signals. Differing radi-

cally from this. we find that the

end. Frequencyv flutter, frequency
modulation, dynamic frequency in-
stability — call it what vou like —is
a most serious problem in high-fre-
quency phone work. Many amateurs
have already awakened to the fact
and installed crystal-controlled trans-
mitters -——the real answer. A great
many others, though, will have to
make careful consideration of it un-
fess they wish to continue making
gargling noises for the next eight or
nine vears.

The third field of great advance in
the commercial world of radio is in
the modulation systems, in which

sound produced by the phone trans-
mitter cannot be just any sound.
It must be identical with the sound
produced in front of the micro-
phone, It must contain the same
frequencies at the sume amplitudes
and sustained for the samne dura-
tion. 1t is this that leads us to the
statement that a zood cocle trans-
mitter will not neeessarily make »
wood phone transmitter - - an obvi-
ous sort. of statement but one which
would seem fo bhe understood by
very few amateurs.

“To return to the telegraph sct, we
find that usual practiee is to adjust
the transmitter for a high value of

A 1920 TYPE PHONE TRANSMITTLER
Budlt to (llustrate the practical a pplication of most uf the ifeas discussed 1 the urticie, this outtit i wueh mor:
compler thun the weeraye amnteur phone ix likely to e, Using i@ ax an erample, and the tect a guide, the o mntenr
should not hace lifficulty in planning a simple thauyh modern station to suit iix omp yeeds,

modifications have permitted the attainment of
1007, modulation without sacrifice of voice
quality. This statement does not look as imposing
as the substance of it really is. We will have to
delve into a few considerations of modulation if
we are to appreciate it fully.

THE MODULATION PROCESS

All amateurs know that human speech consists
of extremely complex combinations and sequences
of frequencies lving chiefly between about 200
and 3000 eyceles per second. In order to transmit
the voice cifectively by radio. all of these fre-
quencies must be conveved in their original form
to the receiver, each with the proper amplitude
with respect to the others and all of them, as a
whole, a replica of the tremendously intricate
pattern of frequencies produced in front of the
tnicrophone diaphram by the voice. ‘To transmit.
a telegraph signal the requirements are ahsurdly
simple in comparison, All thui is necessary is to

antenna power when the key is down, so arrang-
ing the key that when it is up the antenna power
ix zero. The idea behind this is to make the key
wive the grealest possible vurintion in the output
power. should the key be so arranged that it
changed the power (and not the frequency) by
only 109 of the maximum value, the eticctive-
ness of the transmitter would be very greatly re-
duced. In fact it could be said that the power of
the transmitter would have to be tfen times
greater than that of the transmitter keved to
zero in order to give the same result. This same
consideration holds good in the case of the phone
transmitter. All the antenna power possible will
not create a phone signal unless it iy raried. And
it is the wiouni of rariation that governs the ef-
fectiveness of the transmission,

In Fig. 1 is indicated the output of & phone
transmitter under three possible e¢onditions. in
each case the peak or maximum possible antenna
power is considered as being the same. At 4 the
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apparatus is adjusiced correetly but the percent-
ape of modulation — the variation of the antenna
power — is of the low order usually attained in
dmateur transmitters. In this case the only por-
fion of the output which is doing any service,in
ereating the phone signal is that between o and
b, the ouiput between o and a and the possible
but unused output between b and ¢ are entircly

<.
fo

Peak oaure

-,

o

B Losisie neak praser
C
FIG

Tlarner

waxted. In other words a transmitter with an out-
put equal to that fraction between ¢ and b would,
when adjusted to give full variation or modula-
tion of the aurput, be just ax eftective. At B the
ontput of the transmitter first mentioned is shown
to he completely varied (J00%; modulation). All
of the putput is being utilized and the signal is
therefore the sirongest that the output power
sould possibly produce. in order to obtain the
same ¢fectiveness with the 200, varisntion or

modulation indicaicd at A the power of the
transmitter would bave fo be increased five
times!

‘The diagram ¢ of the same figure indicates ihe
reason why many amateurs fail to get anvthing
approaching suceessful operation of their would-
be phone transmitfers. In this cage the trans-
mitter is adjusted to give its full output when the
modulation is not. being applied. ‘the only pos-
sible variation of the carrieris then in a downward
Jdirection aud since the voice {requencies consist
of both “ups™ and “downs’ the “ups™ are lost
and only the “downs™ register. Under these
conditions -~ we hwpe 1o talk more of ther Jater
- the effeciiveness of the transmitter is quite
cjose to zero,

‘the =system of modulation used in  truly
modern phone transmitters to permit the 100,
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maodulation indicated in Fig, 113 comprises the
old *eonstant current  or Heising system with
few #imple but extremely hmporrani modifica-
itons, It secros unlikely that any amateur does
not. understand the funciioning of the Heising
system but since that and the new merhod are so
fosely related we should, perhaps, touch iis high
spOtS,

in Fig. 2.\ are shown the essentials of the con-
stant-current system — undoubtedly the nost.
venerally used system sinee the vear 1921, In it
« modulator tube is conneeted with iix plate ¢ir-
euit. in parallel with rhat of the ascillator or
amplitier being modulated and both iubes are
«djusted to take the same normal plate current.
Power to the plates of both tubes iz supplied

Magwlutor

Plee

through the constaut-current. or speech choke
¢'h. Any variations of the current in the plate
supply system at speech frequencies are greatly
opposed by the reactance of this choke snd con-
sequently any changes in the current through the
odulator must be accompanied by an inverse
change in current through the oscillator of the
same order. ‘I'he microphone. through a suitable
audio-frequency  amplifier, sierves to varv the
potential of the modulator grid and in conse-
quence serves to swing its plate current up and
down in accordance with the speceh frequencies,
~hould the modulator current he driven io zero
when its grid goes negative, the oscillator current
will he forced to double the normal value; and
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when the modulator current goes to double the
normal value, on the less negative swing in its
grid circuit, the oscillator current is reduced to
zero. During each half-cycle of this process a
voltage is built up in the speech choke equal in
value to the normal plate voltage and whenever
the oscillator plate current doubles, the voltage
on its plate also doubles, the result being that the

OsT i1

that shown in Fig. 28. In this case the plate
voltage is {ed directly from the speech choke to
the modulator but is dropped in value by the
resistor R - {itted with a by-pass condenser
("1 — hefore it reaches the oscillator plate. An-
other practical scheme {used in the transmitter
illustrated on these pages) is that shown in Fig.
2, Two sepurate speech chokes are employed in

BEL AL R

THE 192 TYPE TRANSMITTER
As dbappearcd tivards the swd of the erperinertad work trnooleed in (b design, With thix* hay=wire™ equi pment,
seares af eircadt arrangements and bube combinalfons were put anlo operation.,

plate power on this tube varies, under such condi-
tions, from zero to four times the normal value.
While in practice it is possible to vary the oscil-
lator plate power in this manner, und so obtain
100¢; modulation, the process requires that the
modulator plate current swings from zero to
double that of the oscillator. This, in turn. re-
quires that the modulator grid potential be
driven down to the point. where the plate current
cuts off on the negative half-cyele, and far up on
the curve on the positive half-cycle — an operat-
ing condition which could hardly fail to introduce
serious distortion. Practical operation with the
system shown in Fig. 2 A has therefore been limited
to modulation percentagesof arelatively loworder.

MODERN MODULATION MLTHODS

"The keynote of the new method is in the opera-
tion of the modulator tube at a higher voltage
than the oseillator, by which means 1004 modu-
lation can be attained and maintained without
distortion of any cousequence. In some arrange-
ments a separate plate supply is included in series
with the lead from the choke to the modulator.
In others a transformer is used to couple the plate
eircuits of the modulator and oscillator. Possibly

the most practical form of the modified system is

this arrangement, the voltage-dropping resistor
11 being included in series with that one which
feeds the oscillator. The plates of the oscillator
and modulator, as far as the audio-frequency
currents are coneerned, are conunected together by
the large condenser ('1.

T'he effectiveness of the arrangements B8 and '
is 80 much greater than any other methods of
wodulation at present available to the amuteur
that we plan to limii. our discussion exclusively to
them. In comparison, the methods ut present
generally employed in amateur stations are so
pitifully unsatisfactory that we are not able to
consider them worthy of wention. If expense is
considered in relation to the reading of the an-
tenna smmeter the modern arrangements uun-
doubtedly are costly. If. however. the money
spent on the transmirter is considered in relation
to the signul produced at the veceiver — as it
certainly should be - the wethods to be dis-
cussed will be found very much cheaper.

And now, having skirmished around the three
fields in which major refinements have heen in-
troduced by more or less recent development, let
us examine the amateur transmitter in detail in
order to see whal these changes look like in actual
equipment,
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SURDIVIDING THE TRANSMITTRER

The complete phone rransmitter may eonsist
of three separate seetions: the apparatus pro-
dueing the padio-frequency energy ta he moda-
lated: the modulator, and an amplifier to amplify
the modulated radio-frequency. The last men-
tioned scction is not an essential part, however,
sud will not be considered 21 the mmoment.

Ihe simplest mcthod of  ronlucing radio-fre-
quency to be modulated is hy means of a self-
excited oscillator onto which the modulator ix
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modulation with its accompanyving sacrifice in
range. For it is only with a low modulation per-
centage that the plate-valtage fluctuation on the
modulated tube can be avoided and it is in this
way that the {requeney flutter in the self-excited
rransmitter is reduced.

N OSCILLATOR-AMPLIFIERS NOT NECEISARILY

IDEAL

The obvious move is to turn to the oscillator-
amplifier wrrangements where the oscillator de-
teriniving the frequeney ean he left alone and the
modulation applied io the
amplifier. The idea is very
fine but the unfortunate part
of the story is that no sclf-
excited  oscillator-amplitier
transmitter has yet  been
built in which ¢hanges in

the operation of the am-
plifier did not  react. on

the oscillator to the tune

A
=12)2v. +600V.

M,
HIGH-C OSCTLLATOR

ter can he operated with s

Thauwgh wuch o tro

prresnlnges, (i does wol compar e, in performeance, wath the ty

Luter at Wgh modulation percentoges.
Che, = T mea, choke of 10 henriex or more,
Ry — o0 nii-ohm grisileak,
AN other components rorresnond with the
The Hator plate toni-
%, QST

At

connested directly. One arrangement is shown in
Fig. 3. The disadvantage of any such transmitter
is that its frequeney output is not determined
alone by the value of 1.1 and ('3 but also by the
plate impedance of the tube. As we have said so
often before, the plate impedance ix varied with
any change in plate voltage and a variation of
ourput frequeney ifollows. In the phone trans-
mitter heing 100 -modulated. the plate voltage
on the modulated tube is being driven from zero
to twice the normal value,and if this modulated
tube is the osvillator it is certain that serious fre-
queney flutter will result. A well-tuned igh-C
transmitter ean withstand relatively-large plate
voltage “ripples® without @’ serious correspond-:
ing frequency futter for cade work but far phone,
where the presence of flutter iz s narch more:
zerious and where the plate voltage:changes are
so much more drastic; #ven the High-C arrange-
ment gets into trouble. A good High-C oseillator,
however, ean and is being used for amateur phone
work with some suceess, 1f it is fully modulated.
ihough, there will be appreciable frequency flutter
and distortion in transmission will be 2 common
experience. If there are truly successtul modulated
oscillator transmitters on the uir, their ahility to
uvoid distoriion troubles in transmission un-
daubtedly is due to the use of a low pereentage of

o= SHOWING ONE ARRANGEVMENT () .

Pl b (HeTN s doed

somcdtavly designated Tn Fiy, i)
il s onlenna colls are af the dimensions green in the

of changed frequency. 1'he
frequency of suchan oseilla-
tor will remain reasonably
constant just so long as the
load on it, imposed by the
amplifier, is constant. When-
ever the load varies the fre-
tuency will change and the
ioad, when the ampiiiier is
being  modulated fully, s
changing with 1 vengeance!
A simple self-excited oseilla-
ror aunplifier arrangement can be used for amateur
} hone., with the one and only amplifier being mod-
ulated. but experiment has shown that its perfar-
manee in regard to frequency flutter is nor very
much ahead of a good High-C' aseillator modulat-
ed directly. If the full advantage is to be taken
of the oscillator-amplifier svstem there are two
alrernatives open. (Omne is to use & “bufier " stage
of amplification hetween  the oscillator and
the modulated amplifier —a tube biased to
operate without any grid current —and the
other is to use a ‘erystal oscillator. High-fre-
quency- . communication - engineers who really
know what theyv-are talking about will disagree
with this., They will insist, as they already have
done: that econsis high . quality high-fre-
guency speech communication is not possible
with any conécivable<self-excited oscillator-am-
plificr transmitter — that it can he accomplished
ouly with a erystal oseillator and then only wien
e erystal tube is dsolated frome the moduloteo
ampiifier by at least one *hafler™ stage. Amateurs,
of course, eannot as a rule aflord to bhe such
purists on these matters and undoubtedly many
of them will do without the crystal or the
“butfer’* tube. and with their High-(} modulated
ozcillators will at least make fewer and more
pleasant gargling noisesthan thev have in the past.

MODULATED

1 tone o wdation
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Our recommendations. however, are for the
amateur to use a crystal with a *‘buffer’ tube as
the first choice; to use a crystal feeding the modu-
lated amplifier as the next alternative; to arrange
for a *bhutfer”’ stage if a self-excited oscillator
must be used: and to install a real High-C oscilla-
tor particularly well tuned if funds permit of
nothing more claborate. Being in a frank mood
we would suggest, however, that amateurs who
have the ambition to attempt 100¢. modulation
but who have not the funds to install a good oscil-

QSsT
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One  satisfactory arrangement suited for the
modulation of a 1'X-210 is indicated to the left of
the dotted line in Fig. 3. The modulator is »
£IX-250, a tube highly suited for the work. Lt is
fed with 600 volts of d.e. through the speech
choke ('h., and its plate is connected through
voltage-drop resistor 1 and by-pass condenser
{'1 to the plate of the tube heing modulated. The
grid cirenir of the modulator tube is fed from the
plate cireuit of the UX-201-A speech amplifier
through a1 high quality audio-frequeney trans-

lator-amplifier transmitter. would do theruselves  former, the secondary of which is preferably
and their fellow amateurs a
great favor by m.nc.ontraring Sf,{{j‘g,"}};}l, .s,;léz'cffmp U849
an code trausmission until . = <
their finances are in better 1 = [:‘"_“i
e - . WA

condition, Wesay this becanse o R 1o Moduiated
we have demonstrated to our- waen fube

selves that the application of g o
lOlJ' - modulation to a trans- ? :
mitter of the more clementary
form will result ouly in dis-
appointment and waste of
money to the operator, and

. ‘ . &

'“'t’?ld griet .tn those obliged 6. FIISY, v 75V. +60ov.  Mpd nv. +2500V.
to listen to him. +Bias AC. Blas  AL.

A »good " osvillator-ampli-

of its own, feeding the modu-
futed amplifier either through
4 hutfer’” stage or directly.
it can consist also of a High-C self-excited
oscillator with a plate supply for itself, feeding
the modulated amplifier through a **buffer” stage.
‘t'he transmitter illustrated provides examples ot
these combinations, and their construction, ad-
justment and operation are to be detailed later on.

,'w'lum.n/, m qria lea.
125 — 23000=t0 Lenni-oiim,
AU ather apparatus corres pands with that siudarlll designated o Eiy, 6,

3 FUG L = THE MODUELATION SYSTEM DESIRABLE FOR SATIS-
fRer  arrangement,  in o our FACTORY MODULATION OF A L} A
apinion, consists of u crystal Ch, | — liheuris o higher, Stmn, choke,
HS\"i”&fZOI‘ \\'ith a0 L)i‘dt(‘ Sll[)ply ' w1 00=hedery o0 haher, Gii0-ma, choke,

xtor to corpry 200 ma,

shunted by a gridleak-type resistor of about
250,000 ohms. The output of the microphone ix
fed to the grid circuit of the speech amplifier
through s microphone transformer, several mad-
ern tvpes of which are now available. ‘'he older
types of modulation transformers, or Ford coils,

,‘ PHIE OSCILLATOR,
Bt as o separate

powered transmatter, o Ll

during modulatron, 30 watts,

THE MODULA'TION APPARATUS

The modulator and speech amplifier unit is the
cund essential section of the phone trausmitter.

“BUFFER"™ STAGE

ion, thix urit may be used with the modulator cystem to provide o lown-
conditions the varrier oulput s 71

AND MODULATED AMPILIFIER

Loowatts — the penk punrer ondjit

are not satisfactory for this work and if a good
modern transformer cannot be bought, an excel-
lent make-shift can be huilt by removing the
primary of a high-quality audio transtormer and
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Modulator Speech Ampiifier
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& modutated outyut 3o walls, £

A

Aodulator Modilator

Speeck dmoifier Speech Amplifier

f\\ ‘/—-\\
uv-21 @ \UK-ZO]?

{Ox-6e3\
OR

RE .A,M;v/‘/r'/er

ux-210

3 farrie ‘put 50 walls
ey output i walts Carrier output 5 )
: mcdw’:zteff eutput 30 watts Pcak modulated output 200 walls

8 F

Modute | - N .
) ssodurelor ‘,\.',nee‘:.‘n "'!""’/?/lflf’l'

O—E—O

Meauiated Crysial Yoawia 0 F Amntifi Seif £ o
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inserting in its place about 230 turns of 30-gauge
wire. ‘t'he microphone transformer in the trans-
nitter illustrated is of this type. ‘The microphone
is, of course, one of the most important units in
the whole transmitter. The speech quality is
greatly governed and definitely limited by its
characteristics. Unfortunately « zood double-
button microphouc is a very expensive item and
one which requires much more careful handling
than it would ever be likely to get in an amateur
station. For the amateur whose aim

is to obtain the very best pos
voice quality, however, its use is
-ntial, Fortunately, there are
many ordinary hand microphones
which, though not permitring auy

NN

thle "7 T T

: o X-852 "
4
—p:-] . the ounly truly
Ul + ,

QsT 15

cation between it and the modulator to the point
where it is only necessary to talk across it and in a
low or possibly normal tone of voice. Across the
secondary of the microphone transformer is the
gain control indicated as R.Z. It consists of a
200,000-0hm potentiometer. the moving contact
of which is connccted to the speech-amplifier
grid. 1n Fig. 4 is shown one possible arrangement
of & modulator suitable for the modulation of
tubes of greater rating than the ~210. For
the modulation of a V-203-A,
V211 could be used with some
é suceess, For the modulation of a
(TX-S852 or & UV-204-A, however,
satisfacrory tube
would be the UV-849. In cither of
these circuits the speech choke ar-

very high standard of quality, do

provide a high degree of inrelligi-
bility, ‘They are really quite =utis-
factorv for the amateur phone
transmitter  providing  they  are
aperated correcily. The usual prac-
tice of holding the microphone :nd
velling direetly into it ix quite an ab-

rangement shown in Fig, 2C could
be incorporated. With & UX-250
modulatoritisa particularly effective
arrangement since. it pormitq the
use of & double ** B-eliminator ™ filter
thoke — a unit readily available to
almost every amateur. The disad-

__yeiza

H

—o

4.

D |

a ~5o ¥
o s YISV THeky 290¥ ~135v, +eoTeIssY V.
PG, 6, o THE WIRING OF TUL COMPLETE PHONE TRANSMITTER ILLUSTRATED
) — Jepfed, SO0=xolt Vohe vonpicnseis, L = 10 burns ol 14 guane wie o S iimeter tube, ik
€0 g, OO0 o nser, pltte coni for ergstal operalon, 6 burns of saome wire jor piate
(', — e ppfd, Ginieraft NoOwpa o condensers, mercited oxeillotor,

sl Si=volt condepser,
0-puj
Hi~ppfd. GO-valt condienser,

= Litmupfd., Cardell teansmitter-inpe variable con-

i l=roit condepsers,

Ao-pite Pilot weidget  cowdenser  with plates
Clardbvell  pecciver=type  varable o

I = 1000-pufd, receiver=ta g rarinble finides;
Gepujd, Nationol **Leehlo-spred " transmitting

R py—

€13 — FO0=gufdd, Sgngecres SON0-ralt rapdepsers,

s < Chppdell poceiosr=lupe rariable  copeleisees cut

o n to 3 plates,

s — 0-putd, recedvve=type roeiable,
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/ —ohom Yourley fized resistor,
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g = n-ahne Ward-Leaaord ar b ey 10O M,
— ok Yariey fired r

W — jii-ohm Yorley fired

T = A0,000-0hne Ward=Levnard .

Vdjustat,”

strd one. The only sane proeedure is to suspend
the instrument in a couvenient position where it
need never be touched, and to adjust the ampliii-

turng of s hen uuuuml x o w[/-

Nty 1o

vl cungenser 1x

huntend across the cotremitios of [1-L.2, Jrom grid to
plate,

L — 20 berns of Li=gauye wiee s puce=wound on 37
diameler tubing,

Foi = 13 turns of 22 gaoge e, wire on S dinmeter

Ftutony mownted Treside lowere end of (.3,

15— WK L. fee, Tnductynee,

—inrns of 3 ,5"' vulside=diimeter copper Bebing, iurns
refor Linnmeter,

— 10 turns of 356"
insiide dinme

L8 — R

foo—

! {side digmeter,

TH = High quiadity audiv transformer with new pedmarn
af 230 turns of S-gauge acire, Xy fwodern high-gaalite
nnrrn/:/mm tranxgormer undouhtediy would be betfer,

— Nevigneino andio=-frequeney transfiormer,

Nationai tupe-si) double = B-sliminaior®" holee,
e In the lawer Junver stages, Sitver-Marshall
In other circuits, Aero tupe €

dinmeter copper tihing, burns 37

Siit=fee, Lrductines,

Soturns of IJ_" duvmeter coppere fuliing, berns

dupe 07

vantage of the single choke of Fig. 2B is that the
choke must pass at least {00 ma. whereas the
chokes of Fig, 2C need be rated at only half that
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tigure. There are many maore double chokes raied
at. 0 ma, available thau single chokes ruted at
100 ma,

AMPLIFYING AFTER MODULATION

T.ot us now consider the third possible seetion
of the phone transmitier — i radio-frequency
power-amplifier - to amplify the output of the
modulated tube, Such amplifiers, ag anyone who
has tried to operate one will tell vou, require very
careful handling and are, for the amateur, not al-
ways & desirable adjunct. Fubes operaied as

APRIL, LU0

the hias is adjusied so ihat the tube or tuhes
operate on the straight portion of their charue-
terisxiivs. When a push-pull linear stage ix uscil,
the hias ean be increased to the point where the
plate current is reduced to zero with no eveita
tion. In ull considerations of such amplitiers,
however, it is important to remember thar tiw
maximum output is limited by the voltage on
their plates und that beeanse this is constant, the
normal output ¢when no modulation is taking
place) must be reduced to the point where the
power is ohe quarter of the maximum value, 7%/

;Il"l,‘ll,i. sener ihe auicrcme pomee

EPres riedf I‘,’/ [-'/( s thoi
Snelicaled by holf the swarinm

(’»“
anlenna curreut,

WHERE LINFEAR AMPLIFIERS
ARE & DISADVANTAGH

The Jimitations on the 1:v
of lincar amplifiers can besi
b explained by referring 1o
the diagrams of Fig, 8, At ¢
ts shown what i3 considered
the  simplest  high-quality
amatenr phone (ransmitter,
consisting of a ervstal oseil-
twror  exeiting  a  UX-200
madulated  mwplifier, The
carrier output power of this

SN

cttor G pporains setetd svnp ar e gege

eraiion Vs s possible b pluggdng Hee

4

el i

. snginny th
N v thix ppe

ol the codd

cfrerscards drseazded,

radio-frequency araplifiers ufter the modulated
amplifier must operaie over the steaight portion
ui their grid-voltage plate-currcni characteristic
curves in just the satue way @s do the 2udio tubes
of the broadeast receiver, For this reason they are
iermed “‘linear zmplifiers.” Some idea of the re-
quireruents for successful operation of a lincar
amplifier cun be gained by first. remembering that
the tube exciting it is having its output modulatedd
{rom zera to four times the vormal value and that
distortion will result if the output of the linear
winplifier cannot go through the sume extremes.
‘I'his means that the excitation of the amplifier
must be reduced to the point where its output is
e quarter of fhe possible masimum power,
when the sgystemn is not being modulated. The
antenna current under these conditions will then
he half the maximum value. With madulation,
the power of the modulated tube goes (rom zero
to four times normal, The excitation of the linear
amplifier does ihe same. the antenna power also.
if a single tube or tubes in parallel are used in the
linear stage, the bias must be adjusted so that the
plate current is the same with and withont ex-
sitation, which is just another way of saying that

SR OF THE OSCILLATOR AND FIRST AMPLIFIER STAGE

transmiirer can he 7!

and, under these counditions,
when fully modulated, the
output. power will vary -
tween zoro and 30 watts, i
£ is indicated @ gomewhat
similar transiuttier operating
zelf-cxcited  oseillator  isolated  frow
“hutfer' stuge.
autput in this

Javaris

with
the modulated wmplifier by«
The carricr and peak power

case is the same as at .1, In diagram C oo pair
of UNX-210 tubes have been added as Jincare
amplifiers and, sinee their ontput is fimited Ly
their fixed plate voltage to 15 watrs, the carricr ix
adjusted to 3.7 waits in order to peruitt the fone-
times fneregse on the modulation peaks, Absurd
as it may at iirst seetn, the mwodulated power our.
put of the transiiticr has been cut in half by tie
addition of ithe two output amplifier tubes! in
order io obtain the same effeetive power output
15 the transmiiter o) or £ four TX-210's woufd
bave to be used in the linear amplifier, In dia-
gram 1) the oufput tubes are two modulated
EX-210 amplifiers, In chis ivansinditer the carrier
power ean be 15 wiarts and the peak outpur dur-
ing maodulation B0 watts — a hefty transiitter
as amateur phone stations go, 1 a UN-852 tube
were added to this arrangement as a linear am-
plifier the peak power wonld then be 75 watts — -
an increase of just 15 waits, The transmitier in-
dienied at £ ix the apparatus of diagram f3 foed-
ing a linear amplifier consisting of two (7X
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tiubes in push-pull. A single 1VX-210 modulated
amplifier serves to exeite the 1TX-352s and the in-
crease in power provided by them is 120 watts -
one instance in which the use of a linear amplitier
wonld be justified. This arrangement is exactly
that ysed in the transmitter built to provide ex-
amples of the applications of these methods and
illustrated on these pages.

it should be pointed out that in no instance are
gerecen-grid tubes speeitied as lincaramplifiers, The
tvpesat preseutavailableare nnsuited for the work.

Arrangement /' of Fig, 5 ix one suited for
operation from w plate supply of about 1200
volts. "Though the UV-211 is 4 good modulator
tube, its power rating is not sufliciently above
that of the (TV-203-A to permit satisfactory
1007 modulation. The urrangement possibly
would not he a very effective

gsT i

muodulated amplifier as one unit; the modulator
and speech amplifier as another unio; the push-
pull lincar amplifier yet another.

T'he separate iltustration of the three-tube
radio-frequency unit provides some idea of its
fay-out. T'he close-up gives an impression of the
constructional methods used in it. These views
may well be studied in conjunction with the
circuit diagram of Fig. &, In the close-up view the
oscillator is in the right foreground. [t consists
of 4 UUX-112 tube arranged in & tuned-plate
eircuit in such & manner that it can be changed
over to crystal-control merely by plugging the
vrystal into the sockets X, } and removing the
wrid coil 1,2, In the illustration the grid coil can
be seen at the hottom of the hakelite tube on
which the coils are wound. By turning the coil

one, Diagrams ¢ and / rep-
rescit  two transmitters in
which the output tube is a
(TV-204-A. At (7 the 250-watt
fube is operated as a linear
amplifier and without maodu-
lution its output is adjusted
tn 62 watts. The peak power
during complete modulation
is 250 watts, A [UV-819 (a
tube designed for usce as a
moclulator) is employed in
arrangement, /{ to modulate
the 2a0-watter. In this in-
stance the earrier output could
he 250 watts and the peak
otitput during modulation not
@ watt less than 1000, What
2 snooty amateur phone that
would be!

Thetransmitter illustrated,

as we have mentioned  at
several points, is that de-
signed and built to provide
examples of the application
of the methods under discus-
sion. [¢ wos not designed wilh the iden that it wonld
arer be duplicalel by the amateur, Tt was arranged
and built in its present. elaborate form in order to
incorporate in the one transmitter as many of the
features considered desirable as was possible. A
close study of its constructional details together
with the diagrams of Fig. 5 should enable the
amateur to plan and build a transmitter suited
to his own requirements. Then, a siudy of the
tuning methods —to be covered later — should
make it at least reasonably possible for him to
adjust satisfactorily the transmitter he has built,
irrespeetive of how much it differs from the ont-
fit illustrated.

THE COMPLETE OUTFIT DETAILED

The transmitter consists of the three sections
mentioned; the oscillator, *bufier” amplifier and

THE MODUTATOR AND SURECH AMPLIFIER (' NTIT

Cn the small panel ix the microphones jucls,
Belind it, the miccophone: fransior mier wiu
tuhe with il ossoriate apparatus is at the vight,

the wuin control and the miceophone <witeh.,
peech ampligier con b seen, The inmiulator

upside down the plate coil plugs into the same
sockets as before but the grid coil extends above
it, disconnected. A better scheme is to remove the
self-excited coil entirely, replacing L1 by a
separate and larger coil for crystal work. The
apparatus of this oscillator unit is mounted on a
copper plate over which a shield is fitted. Holes in
the side of the shield permit the crystal to be
plugged into position from outside. As in the case
of other apparatus built under the A.R.R.L.
Technical Development Program, the practice
has been followed of keeping all radio-frequency
feads above the base-board and of permitting no
wires to go heneath unless they have first been
by-passed above. In addition, the method of
mounting units on or from other units has bcen
followed as in previous instances, so permitting
the climination of many wires and the shortening
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of others, In this oscillator, for instance, the total
jength of radio-frequency leads probably does not
exeeed six inches, The feeder lead to the *buffer ”
tube is run through a piece of %y copper tube
vonnected to the shield, the idea being to reduce
the capacity between the grid and plate circuits
external to the screen-grid amplifier io ihe lowest
possible value. ‘The “bufier” tube is a UX-S65,
ideal for the purpose on account of the possibility
of vperating it without neutralizaiion. it can be
replaced, however, hv a mnentralized UX-210,
In this particular transmitter these first. two tubes
are operated at the saine frequeney as the output
tubes but if desired they conld be operaied at half
the output irequency, the **huffer’ frequenecy-
Jdoubling into the modulated amplifier. ‘T'he
modulated tube, though. should operate at the
autput irequency sinei: frequency-doubling into
% linear amplifier would not he satisfactory.
Sereen-grid voltage for the UX-5G5 is obtained
from the plate supply through « 25.000-ohm
resistor.

‘he output cireuit of the screen-grid amplifier
ix similar to ihe usual arrangement., an enamel-
wire space-wound induetanee L5 being used.
‘The neutralizing eoil 1.7 iz wound on a stoall

7o +HV.

— . e
7D fube plate

tier the .

Aire the o

piece o tubing inserted in the bottom of ihe
iormer on which L3 is wound, Sinee it is not
parrving & heavy radio-frequency eurrent it is
auned \mh 22 zauge wire,

The 1X-210 madulated amplifier is arranged
much as il it were a J-waiter on aceount of the
high peak voitages which it and its eireults must
withstand, The condenser of its tank is of the
double-spaced transmitting type und all fixed
condensers are of high voltage rating, The neu-
tralizing econdenser, {0 he seen mounted im-
mediately above the plate tank condenscr. is &
donble-spaced midget condenser originally of 23
plates.

The provision of meters for this unit was made
with the idea of facilitating the tuning adjust-
ients. A voltmeter is incinded for vhe filament
cireuit, of course. but one plate milliammeter is
mwade 70 serve for all three tubes by conneeting
it t0 & phone plug and arranging a phone jack in
the plate circuit of each tube in the manner shown
in Fig. 7. By eonneciing rhe leaves of the jacks in
this way the plate circuit is uever opened irre-
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#pective of the position of the plug. In addition to
the plug, & small piece of bakelite rod fitted with a
knob is provided. This gadget is inserted in the
jack of the (IX-210 plate circuit, diseconnecting its
plate supply for the purpose of neutralizing. The
meters, the jacks and this gadget can be scen on
the sloping panel at the year center of the unit.

The bias-batterv leads to the three tubes, the
plate-supply lead to the oscillator, and its fila-
meni supply are connected by means of 4, huttcr_v
cable und piug, the socket for which can he seen
at the right. rear of the hase-hoard in the close-up
view, The high-voltage and filament. leads to the
two amplifiers are connected to ¥ahnestock clips
on the rear edge of the hase,

TH CONSTRUCTION OF THE MODULATOR

The s=econd unit of the transmitter is the
modulator system. illustrated szeparately. Jt
comprises the microphone iransformer, speech
wmplifier, coupling transformer 1o the [TX-250
modulator, double speech choke. oscillator plate-
voltage drop resistor and byv-pass condenser, und
2 milllammeter for the modulator plate circuit.
in the case of this unit all battery leads are con-
nected by means of a battery cuble and plug.
From the general view of the complete trans-
mitter it ean be seen thaf the modulator unit sits
ond to end with the radio-frequency unit, the
parts being disposed just as indieated in the
sireuit diagram. ‘The andio frequency enters from
ane end of the atfair, the radio frequency from the
other; they meet in the middle where modulation
is effected, and the result is » phone transmitter of
40 watts peak output. with a high standard of
yerformanee. When operated in ihis manner the
coil L6 is, of course, ihe antenna coil, while (73
iz the sntenna tuning condenser.

I'he third unit. the vertieal section, is the push-
pitll linear amplifier which ean be exeited from the
modulated output of the 17X-210, In the general
view it. sits immediately behind the modulated
U'X-210, but there is no particular reason why it
should not be mounted on ihe wall near the
antenna leads or in any other convenient place
in the station away irom the ihree-tube radio-
irequency unit. The garne holds good, of course,
for the modulator unit. It could be mounted in
relaiion to the rest of the transmitter at any place
which would permit the two interconnecting
high-voltage leads to he run conveniently,

The two TiX-552 tubes of the linear amplifiers
are mounted bottom uppermost. o that the grid
jeads are convenient to the output of the modu-
if Pd tube, The two leads irom the “‘antenna
*of the UX-210 are clipped across a few turns
of the induerance L7 to provide a conpling link,
the adjusiment. of the turns at hoth ends of ihis
link being used, in addition to adjustment of the
soupling of L5 and L6, in order to provide varia-
tion of grid exceitation. L7, together with the large
variable condenser <1/, forms s High-C grid
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circuit for the linear awplifier tubes. Aside from
its use in coupling the 17X-210 to the UIN-%i2s,
this circuit serves -in reducing the harmonie
euntent of the exeitation power and in gencral
improves the operation of the lincar amplifier
stage. 'The resistances R4 in the grid leads have
an important funetion in avoiding puarasitic
osvitlation of the wnplifiers, while the resistor
#7 serves an equally important purpose in pro-
viding control of the eseitation und in reducing
distortion in the push-pull stage. These resistors
will be given further consideration in discussing
adjustment.

The output tank tuning condenser is thut
mounted between the two tubes. Above it is the
tank inductance and the rwo antenna coils, The
inverted (T-shape tubing over the inductanee is
not, as might be supposed, o handle to aid in
removing the coil. It is the connceting link be-
fwern the fwo sections of antenna coil, these
heing mounted, incidentally. from the supporting
framework of the rank inductance, Since the outer
ends of the antenna coils ure conunected to the
vondensers by flexible leads, the coils can be
rotuted through au appreciable are for the varis-
tion of antenna coupling.

The two neutralizing condensers of this unit are
mounted at the rear of the panel and are con-
trolled by two extension shafts, the knobs on
which can be scen immediately under the plate
{erds of the UX-SH2s, A filament voltmeter. plate
milliammeter and two antenna-current meters
comprise the meter equipment of this unit.

THE TUNING PROCESS

And now we must discuss tuning and adjust-
ment, in the telegraph transmitter an important
business but in the phone transmirter a delicate
proceeding requiring the most profound attention
to detail.

With everything in operating condition the
oscillator should first be given consideration. If it
is to be run as a self-excited oseillator the grid and
plate coils should be proportioned so as to give
steady oscillation with about 8 ma. of plate cur-
rent when operating from a 135-volt plate supply.
With either a self-excited or ervstal-controlled
oscillator this voltage should provide ample
ontput to excite the *butfer” tube, though if o
crystal but no **butfer " is used it is certain that «
“power” erystal with about 400 volts on the
plate of the tube will be necessary for full exei-
tution of the modulated awmplifier. The *‘butfer”
stage is, for this reason, serving the added uscfut
purpose of permitting low oscillator power and
convenient operation from a separate plate supply.
in the case of this particular transmitter the
oscillator is driven from the 135-volt receiver
“13” hattery but there is no reason why a '‘B-
climinator™ (the 135-volt type of which is almost
i glut on the market) could not be used with
similar satistaction. When the tube is running as a
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self-exeited oscillator the **bias™ lead is run
through a 10,000-ohm gridleak to the negative
tilameut lead. For crystal operation 2214 volts of
hias has been found effective.

In checking the oscillator operation, and for
that maiter the operation of any section of the
transmitter, it is almost essential to use a *“tuning

THE SECTION COMPRISING THE oUTPUT
LINEAR AMPLIFIER

Vo (7X-85.2 tubes ini an (nverted pusition wre used,
Mhe qrid circail equi prnent U wnderneath them, the
plate wpdd antenna components abore, Chowgh arranged
ty operate hehind the two other sections of the trans-
mitter, thix wnit corld be operated in any convenient
docation in the r10ded rovm nnd fed through a lwo-wire
tranwsmission ne.,

lamp ™ consisting of » Hash-lamp bulb counected
in series with two ov three turns of wire. These
turns, of course, are coupled loosely to the partic-
ulur tank ¢oil under examination to determine

‘the presence and approximate atnplitude of radio-

frequency current in the circuit. The tuning of the
oscillator, crystal or self-excited, is greatly facili-
tated by the use of this lamp.

Once the oscillator has been caused to run
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steadily on the required frequency the plate
voltage is applied to the plate of the screen-grid
“bhuffer” tube with the grid bias at about 135
volts if the plate voltage is of the order of 600,
When the oscillator is switched ofi the plate
¢urrent of this tube shivuld be brought approxi-
mately to zero by adjustment of the grid bias.
When the oscillator is swiiched om this plate
current should rise to about 20 ma. With the bias
of the tube adjusted to the point where no plate
~urrent. flows when there is no grid excitation
itermed the “eut-off "’ pointi the tube operates on
the lower end of its grid-voltage plate-current
curve and is said to be running as a Class B ampli-
iier. With the aid of the tuning lamp it should
now be possible to tune the plate tank of the
t'N-565 without dittieulty and proeced to ihe
neutralizaiion of the 17X-210. ‘This process is
accomplished, as nsual, with ihe plate supply to
vhe UX-210 disconnecied. First the tuning lamp
ix coupled tightly to the [7X-210 plate tank and
with the neutralizing condenscr set at zero ihe
iank tuning condenser iz rotated until the tuning
famp lights. t'he Tight may light only dimly and
it is necessarv to gearch for the resonance spot
with cangiderable cave. Onee it has been found the
neutralizing condenser should be adjusted in
sieps (the tank condenser being readjusted each
time1 until the point is found where wo radio
frequency esn be detecied by the tuning lamp in
the HX-2{0 plate tank. it is well then to continue
the rotation of the neutralizing condenser until
the point is reached where current is again de-
tected. In rhis way it is possible to find a setting
for the neutralizing coudenser midway between

P
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cipgwerating

e piion of rowpding rondenge e O 7 conedd booond
the point where the current went out and ihe
poiut where it ewme back, Neutralizing, when one
has had a little practice, is surprisingly simple
and it is soon found that there is no need to get
alarmed about the possibility of self-oscillation
aven in 4 transmitter of this type in which there
are six eircuits all tuned 1o the same frequency!

DRANTIC BIANING
With the osciflator switched off, the bias of
the {IX-210 should he adjusted to the *cut-off ™

CLE-TURE LINEAR AMPLIFIER
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point (where plate current, ceagesi, This probably
will be of the order of 11214 volts, Now this value
of bias should be doubled. In vther words, it should
be increased to 225 volts under these ¢onditions,
This means that the excitation arriving from the
UIX-365 will have to swing the grid of the {/X-210
112 volts before any plate current. flows at all,
and nmuch further than that if the plate current
i 1o be driven up to the normal value. In short,
the grid of the modulated amplifier must be
provided with a relatively terrific sock by the
preceding tube - the reason why a *power”
vrystal is advisable if it is to execite the UX-210
sdirectly. When operating with the bias far beyvond
the “*cut-off "' point, the amplifier is said to be
running as a Class C amplifier. When so operated
the efficiency of the amplifier is very high and the
ontput power varies as the square of the plate
voltage within certain limits — the  condition
necessary for modulation free from distortion.

If the TTX-210 is to be used 1o operate directly
into ihe antenna, atiention cun now he directed
to the modulator section, With 135 volts on the
plare of the speech amplifier, satisfactory opera-
tion shonld be obtained with 9 volts of grid hias.
It possible & low-reading milliatnmeter should bhe
conneeted in its plate vireuit. however. to inake
sertain that no plate current fluctuation is caused
when the mierophone is spoken into, t'he same
should hold good with the modulator. With 600
volts an the plate of this tube the correct hias
will be of the order of 11214 volts. U'nder these
sonditions the plate current will hold steadily ai.
S0 or 60 ma., swhen modulation is taking place.
should it fluctuate, further grid bius adjustments
should bhe made.

At this stage the antenna may he con-
nected and the coupling and tuning ad-
jusied to givemaximumantenna cnrrent,
Adjustment. of the gain control and talk-
ing position is now neeessary in order to
obrain speech input. to the maodulator
not. greater than that necessary to give
full modulation on the loudesrt. tones. The
vorrect. adjustment is quite difficuft to
judge but there are three methods of
gaining an approximate idea. The first
iz to hum a econstant note near the
microphone and adjust the gain control
until the anienna current increases by
ahoni. 2577 of its normal value. CCom-
plete modulation probably is then taking place,
Another check, prabably 2 very approximate one,
ix 70 listen to the output of the transmitter with
vstal monitor -— a rig which should be wvail-
e in every amateur phone station. It way
consist. of uothing more than a hank of, xuv,
rwenty turns of wire conneeted in series with a
fixed erystal detector and a pair of heard phones,
With an assistant. talking near ihe mierophone
an exeellent idea of the voiee quality ean he ob-
rained by holding the coil of the monitor near an
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antenna lead. Then, the gain control aud the talk-
ing position can be varied until the point is reached
where noticeable distortion ¢an first be detected.
The third possible vheck is to listen to the trans-
mission in an ordinary oscillating monitor in order
to ahserve by just how much the carrier is being
backed up by fhe speech, This probably is the
most approximate check of all.

The checking of possible frequeney flutter cun,
however, be made splendidly with the oscillating
monitor. With the earrier tuncd to zero-heut the
quality of the specch should be just as free from
cdistortion as in a non-oseillating receiver. This
¢heck also can be made splendidly by an observ-
ing station. And, while we're on the subject, trv
tuning your reeeiver in an oscillating condition
to zero-beat with o few amateur phones. Observe
just how scarce are the phounes, not crystal-
controlled, which are intelligible under these
conditions.

TONING A LINEAR STAGH

The adjustment of « linear amplifier way now
bie considered. The primary adjustment is that of
erid bias. With an amplifier of this type it should
be adjusied to the point where the plate current is
the saume irrespective of whether excitation is
applied or not., This, however. is presupposing
that the execitation hus been adjusted. and for
this reason the hest scheme is probably to adjust
the excitation to give the normal plate current off
the tube. T'hen, without payving particular atten-
tion to the plate current, the excitation is in-
creased by the means already mentioned until
the poiut is veached where further inercase in
exeitation does not increase the antenna current,
‘I'hen the exeitation should be reduced by de-
creasing the resistance of /7 until the antenna
eurrent is half the maximum value. At this stage
slight adjustment of bias may be made to hold the
plate cuarrent coustant with and without grid
cxeitation.

{’nder these conditions the tube will he oper-
ating as a linear amplifier, with its output at one-
quarter normal power but ready to he pushed up
to full power when the exciting tube is fully
modulated,

The adjustment of a push-pull stage differs in
that the grid bias is adjusted to the cut-off point
when no excitation is applied. 'Then the excitation
is brought to the adjustment where half maximum
antenna current is obtained, us before.

[t might be mentioned that variation of the
coupling of 1.5,L6 and of the resistor /¢7 upsets
the tuning of both the tanks L5-C7 and L7-C117.
The condensers (7 and (11 therefore require
constant readjustment.

Neutralizing of the linear amplifier is earried
out in just the same wanner as in the case of any
other amplifier. In the case of the push-pull stage
the two neutralizing condensers are varied to-
gether,
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Antenna coupling is another important adjust-
ment. Reduction of the coupling below the point
of maximumm antenna current usually is desirable
for phone work.

‘T’he transmitter is, of course, an excellent code
transmitter when suitably adjusted for that
work. When the UX-210 is used ax the output
tube it is only necessary to provide some good
standard keying svstem to convert it for tele-
graphing, ‘The linear araplifier, however, when ad-
justed correetly for phone is not adjusted for the
best performance on eode. Tn the cuse of the push-
pull amplifier it is necessary to cut out the resistor
17 in order to get full excitation and maximum
antenna current. When a single {incar amplitier
tube is used it is advisable to inerease the bias to
comewhere near the cui-off point in addition to
increasing the excitation.

VES, [T PERFORMS

Perhaps it would be as well to mention that the
phone. provided in this article to illustrate the
application of the ideas treated, reallv has
worked. It has been on the air only three
nights since it came out of the Lahoratory — one
night with the TX-210 ax the output tube. and
two nights with the UX-S8428 feeding the an-
tenna. Only stations in the Kastern States were
heard but all that were culled were worked, Re-
ports of the audibility of the signals with the
X210 output varied from (ONAS to OSAS and
several were to the effect that they were the loud-
est phone signals on the air. In all cases the voice
quality was reported as being excellent, With the
lincar amplifier in operation the reports were
slightly more flattering. At the same time we
must mention that we overheard one amateur
tell another that he sounded like a broadeasting
station. We eonldn't help thinking what a horri-
ble broadeasting station that must have heen,
We knew then that we would have to discount
heavily the reports we had been reeciving.

We feel that even with all these words this is o
pitifully incomplete treatment of the subject and
we know that contributors to QS7' ecan make al-
most  limitless additions — possibly  subtrac-
tions. We do feel, however, that somewhere in the
treatment lic at least sume partial rewedies for
the unfortunate epidemic of vocal afiictions
with which the amateur phone game has for so
long been cursed. Here are the key thoughts:

(1) The strength of phoue signals is dependent
not upon the antenna power of the transmitter
but upon the variation of it.

(2) With modern systems this variation cau be
carried to the 1009 mark on the modulation
peaks. A relatively enormous gain in the effec-
tiveness of a transmitter is thercfore possible
without the necessity of power supplies or tubes
of higher power rating.

{3) High modulation percentages, however, go
hand in hand with drastic voltage variations on



the tube being modulated. ‘fhis, in turn, spells
irequency fluiter or frequency modulation unjess
the tube generating the carrier frequency is well
isulated clectrically from the tube being modu-
luted.

4) Some such isolation of the oscillator or the
use of crystal-control beecomes of the greatest im-
portance, since trequency flutter detinitely and
grearly inercases distortion between the trans-
initter and receiver, even il the modulation is
perteet.,

151 For this reuson. with any iransmitter in
which the oscillator is modulated iand to some
extent with fransmitters of the oscillator-ampli-
fier type) the speech quulity obtained in a monitor
in the station is not neeessarily similar to the
speech quality ohserved at a distance,

15) Tt must be remembered that a good phone
iransmitter Is quite a differcnt animal from the
code transmitter. The tubes, their voltages and
their eireuits all require treatment  differing
padieallv from telegraph practice,
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i7) The speeel quality can be no better than
that put out by the microphone. (iood micro-
phones are ¢xpensive but, the cheap ones are often
satisfactory providing they arc spoken into in the
“OTrTeet manner,

iN) Ciood amateur phone transmiticrs may ap-
pear expensive. 1f, however, expense is considered
in relation to the signals produced in distant re-
ceivers they represent, in comparison with aver-
age present-day phones, far greater value for the
amateur’'s money.

Midwest Division Convention
May 10th-i1th at Ames, lowa

HE Campus Radio Club of lowa State
C'ollege is again sponsoring this vear's un-

nual convention, and if experience is 1 good
icucher those attending will fecl well repaid for
inaking the irip.

CContinoqnd o noge §8)

ihe hero business to a eerfain extent,

The President’s Corner

HIRAM PERCY MAXIM

PRESIDENT OF THE AMERICAN RADIO RELAY LEAGUE AND
QOF THE INTERNATIONAL AMATEUR RADIO UNION

Being an Amateur

I have pondered often as ta the why of this. It is not eaxy to explain. "Uhere may

O?‘CE of the things that every one of us AR.R.L. pcople enjoy is heing an amnateur,
be just & touch of the heroie in if, and every one of us with red blood in him likes

A WORD FROM

We work late inio the night, we siady and we defy failure, and we spend time and money
with no idea whatsoever of gaining any financiai reward, ln publie emcrgencies we aee
erazy to sit &b our sets day and nighe on end, dropping our personal atfairs entfirety. The |
thought of getting pay for it ix ubhorrent, Our rewurd is that kick that comes from suceess-
fullv achieving an estremely diffienlt and worth-while result.

L always think of Sir isane Newton when 1 get to mulling over this amateur matter. He
wus a real one. His job was the ehair of wathematies ai Cambridge in England. He got paid
ior that, Bul when iv came to asironomy. apties. aeousties and physies generally, where he !
profoundly advanced scientifie knowledge. he did not get a penny, beeause he was a dyed-
in-the-wool amateur,

Newton completely outstripped his professional coniemporaries in solving the grear
scientifie questions of his day. He deduced the faw of gravitation and its important sub-laws
with reul © hav-wire " eguipment., He made the professionals follow where he led. He makes |
rue proud of being an amateur.

Does it make you think of thosc "‘uscless™
amateurs once upou a time?

short waves that were handed out to us
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A General Purpose Audio-Frequency
Power Amplifier

By James J. Lamb*

HE number of inquiries reccived by the

Technical Information serviee request-

ing design and constructional data on

audio-frequeucy amplifiers of high gain
and power output is evidenece of a considerable
interest in this tvpe of cquipment on the part of
the amateur fratervity. Motivated

must of neeessity be extremely  approximate,
sinee there will exist 4 wide variation in the
absarption losses, echo eifeets and the like wirth
different. auditorinms. The following speciiicu-
tions may, however, be taken as of a conservative
nature. For home use and cnadl aoditorivins

by this apparent demand for infor-
mation on such equipment the -
plifier and assocviated appuratus
desceribed herewith have heen de-
sighed and constructed, the units
being so correlated as to he adapt-
able to & number of uses. The
utility ranges from scrvice as the
audio-frequeney input for a phone
transmitter to that of furnishiag
the musical seore for the home or
small theatre motion picture. As a
matter of humorous interest, the
thing may be wmade to furnish a
variety of sound citeets ax well,
since by making the proper mis-
adjusiments the amplifier is ea-
pable of generating the weirdest of
wails: the rattle of machine guns
or the roar of almost any tvpe of
nirplane rotor. Although these
proper misadjustments cannot be
detinitely speeitied it is very prob-~
able rthat the consiruetor will
bump into a suflicient number of
them to sutisfy the most diserim-
inating lover of racket hefore he
gets  everything about  the rig
properly adjusted. Before going
into the details of the design and

construction of the amplifier,
power supply  and  phonograph
units illustrated, it might be well
iv consider the features of such
equipment necessary for the various purposes to
which the devices are intended.

THE AMPLIFIER

The first consideration is, of vourse, the amount.
of undistorted power output required. this
consideration must be determined by the amount,
of coverage necessary in the case of public ad-
dress or theatre use, the power being specitied with
relation to the seating capacity of the auditorium.

"This method of determining power requirement.

*’f'echnical Information Service, A.R.R,L.

THE COMBINED DOUBLE PHONOGE AP,

AMrLirier AND

POWER SUPPLY

accommodating audiences of a few hundred, not
more than two watts of undistorted output should
be required. This degree of output is obtainable
with a power stage utilizing two [TX-171-A tubes
in a push-pull circuit or from one UFX-250 tube
with 350 volts on its plate. For auditoriums
seating up to 1000 persons, four or five watts are
ample and this power is obtainable from one
UX-250 tube operating with a plate voltage of
450, For auditoriums seating 2(X) to 2500 persons
ten watts will serve and this order of power may
be realized with an output stage utilizing two
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17X-250 tubes in & push-pull arrangement. their
plate voltage heing 450. For outdoor use. the
farter rombination is capable of delivering in-
telligible speech 1o audiences of as high as 10,000.

Having decided upon the power ouiput desira-
hle for the purpose. the next siep is to determine
the amount of voltage amplification which must
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crophone transformer is almost as difficult of
specificaiion, since there are mierophones and
microphones. It may vary irom much less to con-
siderably more than the voitage obtainable from
the receiving set detector output. eircuit. With
the magnetic phonograph pick-up things are more
satisfactory, and the output may be given as | to
114 volts. Considering !5
volt 45 the signal input
voitage applied to the grid
eirenit of the first ampli-
iler and assuming  tubes
baving an amplification
faetor of S, vne stage of
iransformer-coupled sm-
plification should precede
the power stage of the
two-watt output variety
and two stages =hould

precede the power stage

in amplitiers of the tfive-
and ten-watt output. ln

any ease the input musi
be provided with a gain

control to limit the input
voltage to a point helow
that where excessive volt-

axley Flug cabie
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&0 u:n.( 1~n,q 1000000
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Al lrrq.n/urm.-r //: nile ,,Y e eas
precede the power siage in order ihat it may
receive the grid swing necessarv o permit
venlization of the full available power ouiput. in
ita plate circuit, In figuring the voltage amplifica-
tion required, consideration must be given to the
wignal voitage which is io be impressed on the
amplifier input, znd this involves the source of
the signal.

Possible signal sources are (he deteetor output
of a radio receiver, the secondary of a modulation
transformer operating in conjunetion with &
mierophone and the output of an electro-magnetic
phonograph pick-up. It is obvious that the volt-
wyr realizable at the input of the first amplifier
tube from the output of a detector tnbe will be
subject 1o variation between verv wide limits,
«nd any detinite voltage must be specified with
erossed fingers, (‘rossing tingers, we hazard 1§
volt. The voltage across the secondary of a mi-
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tnerted 10 negaiive £ qni grownied,

age swing reaches the
grids and causes distor-
tion,

Tubes of the [rY-227
iype are most suirable for
the voltage amplification
stages when a.c. i’i\amom
supply s 1o be used, as
they operate with a mini-
mum of hum. are non-
microphonic and their
characteristies are such as
to permit their use in con-
tunction withstandard au-
dio frequency iransform-
ars, Where d.c. nlament
supply is to he used the UX-112-A 1ype of rube
i recommended for the wvoltage amplification
stages, In three-stage amplifiers which are 1o e
operated at the “wide open™ position it is sug-
gested that the second stage e of the push- pull
tvpe as well as the final stage, since the possi
mhtv of «hsfnrt ion resulting front overloading of
will therehy he reduced. it
fnust be re-nmmbered that while the final push-
pull stage may he over-loaded to some extent
without ihe introduction of serious distortion, it
cannot correci for distortion introduced in i
preceding stage,

Wiih an idea of the power output and gain
required in mind, the constructor is ready io
vroceed with the design of the amplifier. The
choiee of equlpment should not prove aut all
difficult in view of the {act that there are now
available so many high quality tvpes and makes
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of components of specified characieristies, This
ia partienlarly true of inter-stage coupling devices,
those used in the amplificr illustrated bheing typi-
cal. The precautions to he observed in this con-
nection are that the units have a good

OST -

form of Frost phone-cord tip jacks, as are also the
output and positive high-voltage terminals. These
are used solely in the interest of the ronveunience
they lend such an experimental layout and bind-

Hat frequency characteristic curve over
the musical range of irequencies, that
the primarv windings have sufficient
eurrent carrying capacity to accommo-
date the plate current being drawn by
the tubes and that the cores do not. be-
come saturated at this value of carrent
through the primaries. In the case of
the plate eircutt of & push-pull stage
the latter consideration is, of course,
eliminated: the current flows through
the two seciions of the primary winding
in opposite directions and the Hux due
to d.c. plate current is therefore zero —
providing the two sections are balanced.
Such features as are conducive to the
maintenance of high quality of repro-
duetion and to the climination of ob-

iectionable humshould be incorporated.
and the loecation of the various parts
with respect to each oither should be
such as to make the length of connec-
tions ecarrying audio-frequency current
short and ihey should be ax widely
separated from each other as possible.
‘The latter is particularly important in
the prid and plate cireuit wiring. A.c. lilament.
connections should be rn as twisted pairs and
if possible allow frequency and d.c. power wiring
should be cabled.

‘the wmplifier illustrated in the photographs
is wired in accordance with the circuit diagram of
Fig. 1. It consists of three transformer-coupled
~tzges, the input heing either microphone,

THE POWER SUPPLY

Phis dlusiraies the ayraigenient of the cguipwent ax viewed from the renr.
tower and filament transformers are ol the cctrene loft, the rheostat 1
heater circuit heing i
't to right, the 187

le the jilament transformer for these fubes.
ier tubex, glter and panel corrig
vder resistors are wext 1 ovder. The Yarley cable and positive

hiab=raltage wires are cabled together,

ing posts would serve almost. as well, Switeh S,
sonnects  either the nicrophone transtormer
secondary or the radio-phonograph input trans-
former secondary to the grid of the first amplifier,
in the up and down positions respectively
mwiteh Ny ¢loses the microphone hattery circuit
and should be closed hefore S. is thrown to the
microphone conneetion as otherwise u consider-

able jolt will be wiven the tirst

amplifier tube grid and an objee-
iionable thump in the reproducer
will result, ‘The gain control, R,. is
very effective and volume may he
controlled from @ whisper to a
thunder. The resisiors Ry serve to
prevent. andio-frequency coupling
hetween the various grid circuits
to a vonsiderable degree and also
are «ffevtive in preventing the
flow of ¢xeessive grid current in
case of improper grid bias adjust-
ment. The eapacitances (' and C;
act as by-passes for such audio-

THE POWER tMPLIFIER

Lhe panel at the vight cavrics the qawn cantrol awd suiteh wsed to chenge
equeren transioriner Smmediately Eebond the jmpe]
u pling transforiners
vire Qocated hetiween the tuhex aud the woutpud teriminals ace o the ioft,

swer from the awito
to the microphons transformer at the hock. I nter-xinge

detector output of a radio receiver or phonograph
pick-up. The vuarious input terminals are in the

frequency eurrent as may tend to
Hlow in these cirenits and in the
plate return circuits as well,

i, conneeted across the second-
ary of the second audio-fre-
queney transformer. shunts this
zrid eireult so as to give a high frequency cut-oft
and is particularly effective in reducing record
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hiss when using phonograph input, Records vary
greatly in the amount of surface noise
microphones in the gwmonnt of hiss produced.
This L»y-p' condenser wdso tends to produce an
efiect of accentuating the lower frequencies to
K plnaxunq du:rmx the proper capacity required
to give ihe desired effect being ascertained by

ST
2

as o

trinl, In this case. o value of 001 to 002 was
found to be most satisfactory, although this

vadue mav not be besit wirh a transformer of
vhurmeterisiies ol varianee with that used in this
purticular  instanee, I'he output  device

is &

e # 375
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speaker winding or speaker input transformer
primary impedance. 1f more than one speaker is
10 be used, they should be connected in series or
series-parallel aud the proper pair of choke out-
pur taps should be determined by experiment,
It there should be a possibility of persons touch-
ing uny live part of the output cirenti or speaker
terminals, it would be advisable to connect a
2enfdd, condenser in each side of the jine, since the
high voltage plate potential is applied to the
cirenit zlithough any two terminals in a pair are
at zevo goteatial with respeet to each other.

[t might be advisable in asseqn-
hiing the amplifier to delay the per-
manent mounting of transformers
7, until the unit has been given a
tesi, as there is @ possibility that

Ry

these  fransformers may pick ap
some hum from the power supply.
In this particular job this was not
found necessary, however, although

Iz

the power supply was mounted
directly  below  the amplifier, In
wiring, all transtformer cases shouid
be clectrically connected to vach
other and to the negative high volt-

:gﬂE 3— m- +J

age which should be groundod. 'Ii]li,\‘
ix very important. in the elimination

i)

Gourd of hum difficulties,
1 THE POWER STUPPLY
L e Thy O -cu 9¥C | )
Vaicy Newvdless to say, the power supply
1 I o - . for an amplifier such as that de-
B B b= THE POWER SUPPLY seribed must be of a husky sort.
Ty — Creneraf (oo €4 npe =i Power Transformer Plate i

GO rolis evie e cender Lap] Lo

Al power,
filamend tran

Tl

Py — )

LYt secandney,

Tie followin w e WarisLovsird itrohm:

i = N, Sar=%, 10,0000 ohms,

(e == SNitme

5= N

IH. uu.:/ Iy — ¥
"

ament center-tap r

i — (=l g, Frast titament theostat,

The followring cpacitier are
N

1,000 w)lt,

plu S volt.

i Y, i volt,

b'l - T‘u’u GLG~Ealt C hatteries (n series,

By —- Sumie ax B,
Trubwic are U X-12
Cliises of trans

trically 10 reduce foun,
ult flosh=light bulh,

X1,

or mers,

Jilter chokes wnd condeinsers

Silver-Marshall tapped choke of characteristies
suited to the plate circuit of the TTX-250 tubes,
FEoud speaker connections should be made to
taps Land 7. 2 and 6, or 33 and 5: the combination
used being dependent on the impedance of the

et filanert

Rgstord,

Dicorporated di the Flechiheim Conderser

(e

The total plate carrent drawn by
the tubes is around 125 milliam-
pieres and to this muast be added the
current Howing through the voltage
divider on the filter cutput, bring-
ing the total current load up to 155
or 110 mills. Allowing for voltage
drop in the rectifier tubes and in
the tilter. the trausformer should
have a plate supply winding rated
at 600 volts at 150 milliamperes or
90 to 100 watts, Three filament
windings must also he provided.
two ecapable of handling the UX-
240 and  UX-230  {ilaments and
one for the (1Y-227 heaters. Most
power transformers available in-

s

corporate the plate and two 714-
volt. windings, and the 2lij-volt
T

supply for the 227 tubes may bhe
obtained from a separate trans-
former designed for that purpose.
The latter transtormer should be
eeuipped with a rheostat to accurately adjust
the secondary voltage under varving line voltage
conditions, as the value of 227 heater voltage is
guite important.

The filter chokes should be amply farge to

yrovnded elic-
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handle the total cutput current without satura-
tion or heating, and the filter condensers should
be capable of withstanding the full rectfier
output peak voltage nnder no load conditions.
Filter units of the ratings specified in the cut
label of Fig. 2 should be satisfactory.

Referring to the eirenit diagram of Fig. 2.
it. will be noted that the arrangement is quite
usual with but few exceptions. It was found that
there was no advantage in using a final filter
capacity on the high voltage supply to the U/X-
250 push-pull stage, and that the capacity avail-
able for this purpose could be used to much
greater advantage across the plate supply to the
227 plates. It was also found worth while to use
hattery grid bias on the 227 {ubes in place of the
resistor bias provided for this purpose us the
fow end was found to be much better when using
baitery bias and tendency to motorhoat on the
part of the amplifier was entirely ¢liminated.
As a matter of fact, the quality in general was
found to bhe considerably augmented by sub-
stituting battery bias on the push-pull stage as
well, and for best results the use of battery bias
is urged. i it is desired to realize the maximum
possible output of the amplifier. the plate voltage
on the push-pull stage should be raised to the
full 450 volts available from the rectifier and
filter. This is accomplished by connecting the
negative “R,” positive GV and 237 heater
center-tap wires to the outside terminal of I,
the negative hias for hoth the 227 and 250 tubes
being taken from baiteries. The hias batteries
inay be of the swall tvpe 227 5-volt units. four
being necessary. The battery B. consists of two
4 L4-volt units in series and is effective in reducing
i, since il is connecied between the center
tap of the 227 hicater winding and the carhodes
of these tubes. making the cathodes uegative
with respeet io their associated heaters and
preventing electron flow from the heaters to the
cathodes. The Hashlight bulb ¥, connected in
series. with the negative output lead of ihe
pectifior, serves as a fuse in protecting the rectitier
iubes and transformner winding in case of ac-
vidental short circuit of the output or the blowing
of a filter condenser. It is also useful in indienting
current variation, since it glows at about haif or
iwo-thirds full brilliancy under normal rectifier
foad, and serious variations in current cutput are
readily made visable,

in making adjustments, a high resistance d.c.
voitmeter of the multi-range tvpe is particularly
useful, znd all plate voltages and grid bias
voitages wshould he carefully checked hefore
attempting to put the amplifier and power unit
into operation. The filament voltage of the 281,
250 and 227 tubes should be ¢hecked with a good
#., voltmeter, as there are hound to he variations
i line voltage — and the transformer secondary
voitages are nol always as specified. but change
under difierent load conditions. In first placiny;
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the amplifier in operation, it would be advisable
to check the plate current of the tubes with a
milliammeter, each tube being checked scpa-
rately. The grid bias voltages and gain cantrol
should be adjusted so that none of the plate
enrrent readings vary with the input signal, as

70 dzp leput
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C~- FADER-SWITCH

16, 5 — FITREE POSSIBLE FADER ARKRANGL-
VENTS FOR THE PHONOGRAPH CONTROL PANEL

That shown rn A iy guite workable, but ncls 05 o siFies
s sistince: and does ot erdiredy elimdnate the scqed raw i
~up when tee the full position for the other. Arravgement
5 gices ¢ cantrollable wegrer of wizing but has bad frequeiey
: aeleristics wien one ter s ol an the full off positiorn,
Phis system dilso v ires that the two we be operated
siteltaneotsly dand bt Tnvareserient o0 thot arcount,
The viecicr. dingrammed Z<n Fig, protmbly the nost cotis-
fictory, as Hoperates as a poitage divider, s o good frequency
characterstic (Compnralively)  ond  cptirely eliminalex  the
cipnal Jrom one pickewp where in the iull i on' position sor
the viher. Suggestions for consiruction of this arrangement are
wieen in the test,

variation in plate current immediately indicates
distortion. If the amplitier should show a tend-
eney to motorhoat, the capacity of 'y in the
amplifier may be inecreased to good advantage.
However, with proper grid hias and input signal,
1o such motorboating should ocenr,

THE PHONOGRAPH UNIT

For the furnishing of ubinterrupted musical
programs, the double turntable and pick-up
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arrangement s surprisingly  effective,  The
change-over from one record to the wiher ix
nceoinplished by means of o siwple fader, the
transition being pleasingly gradual in etfect and
vhjectionable gaps hetween seleetions are entirely
eliminaied, The unit is of two Pacent
motor-driven turntables. two Pacent pick-ups
and a control panel carrving s (10-volr switeh
in the supply line to the power amplifier, two
similar awitches for the turntahle morors and
the fading control, ‘The fading arrangement used
is shown in the circuit diagram A of Fig. 3, and
two other possible sehemes are shown at. Band .
e3f the three. C mighi be considered most offec-
tive, as one piek-up iy entirely out of cirenit
swhen the other is in use. The deviee consists of
a standard potentiometer with 2 fourrh contaer
made fo its exact clectrical center. This {ourth
contact can be rmost easily areanged on a puten-
tiometer of the wire wound type. such as Electrad
or Yaxley. The fader arrungement should not
he used asx a gain control, but volune should be
adjusted hy meaus of the gain control associated
with the amplifier.

I'he phonograph unit is mounted on a board 30
inches long by 15 inches wide and 4y inch thick.
The amplifier and power supply units  are
monnted on base bowrds of the same thickness,
vach being 24 inches long by 12 inches wide,
As shown in the photograph of the complete rig.
all three units are built into a stand which is 30
inches in height, 25 inches wide and 12 inches
deep, outside dimensions, 1t desired, the stand
might. be so designed as to also accommodate
racks (or phonograph records and the cue shwet
for motion pletire seores,

COin

“Public Interest, Convenience or
Necessity ”
}"‘lﬂHE Federal Radio Commission has deeided

that it is not necessury for cach individual

applicant, for su amateur station license to
struggle with the business of proving that his
station will be in the public interest, convenience
or necessity, The auswer to this question may be
vinitted,

Recently a new and complex application form
was originated by the Clommission, known as
Form 5-A. Question 12 inquired: * Why will the
operation of station be in the public interest, con-
venienee or  necessity?'” One ean picture the
average amateur wrestling wirh this question.
The League thought it unnecessary, as the Com-
wission had ruled that the existence of amateurs
as a class, nunder the regulations governing their
aperation and within the privileges reserved for
them, was in the public interest, cte.; and sug-
wested that a normal application from a hona-fide
amateur should be so accepted without the neces-
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sity of demonstration on the purt of the individuul
applicant,

The Clommission has acquiesced. Although am-
ateurs are not exeepted from this licensing stand-
ard, the Commission feeis that proper winateur
operafion in acrordance with regulations sutistied
the requirements of law and aceordingly on Feb-
ruary 9th the Commission iook the iollowing
wetion:

“On motion duly made and carried, the C'om-
mission directed that xuswer to the request made
of applieants for amateur radio station licenses,
application Form 5-A, as to whether ihe opera-
tion of sneh siation is in public interest. con-
venience or neeessity, may be omiited from such

applications.” o 2
@;Strm]s %

WT700) iz enthusiastic about the idea of making
ONL cards from a zine engraving. His own curds
were made from @ drawing done in India ink
on a sheet of drawing paper uboui twice the zize
of the card, No particular artistic ability is
necessary to muke the drawing, he savs, and the
zine plate should not cost wore than 35 or 24,
The printing job from the plaie is yuite cheap
aned w new bateh of eards can be struck aff ai
any time without the need of tvpe setting.

The peaked audio frequency amplifier in the
four-tube <1029 receiver is not satisfactory
for phone reception. For this work, us mentioned
on page 20 of the Februury S, u switch can he
provided to cut out the peaked stage, WICRC
proposes an alternative scheme. He has arranged
the Ford eoil secondary, its iuning condenser,
grid condenser and leak on @ small *plug-in™
hase. Also he huas arranged an audio transtormer
on a similar base so that it may be plugged-in in
place of the peaked coupling unit. A further al-
ternative would be to arrange a buse similar to
the peuked unit but fitted with a resistance in-
stead of the Ford coil secondary. Better audio
frequency characteristics would then be obtained
than with the iransformer,

Rain leaked through the lead-in at WSDRU
and after cleaning up the mess it was found that
the (TX-210 showed symptoms of water in the
base. WSDRU drilled 4 hole in the base so that
the water could leak out. Unfortunately the
water and the vacuum leaked out together.

W2ADZ reminds us of the five comprehensive
articles on television which appeared in the Oc-
toher, 1427, issue of the Bell Sysiem Technicai
Journal, They shouid be of great value to tele-
vision experimenters even though they were
printed more than a year ago. This and other
issues of the Jaurnal can bhe obtained from the
Information Department, American ‘T'elephone
and Telegraph Co., 195 Broadway., New York
Clity.
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Beats
By J. E. Smith*

NY FELLOW, as the sayving goes, “who

knows his beats, knows his vegetables,”

That mmay not be & very intellectual

manner of speaking, but it is a fact that

anyone who has a good knowledge of how heats

are produced, controlled and measured. and who

is acquainted with the many ways in which beat.

phenomena can be used. certainly must have a
good knowledge of electrical principles,

Everyone knows what heats are. t)nc 1mwayv not
consciously be aware of the faet. that he has this
knowledge, but. nevertheless, is making use of it
every day of his iife. o to your radio receiver
and tune in a baritone or a soprano, und listen
carcfully. Do vou notice how the vaice
wavers as the singer holds a long note?
1i it does not waver, tune in another
station and listen to a better singer.

What does that last sentence mean?
Merely. that the quality or timbre of a
plerson’s voice, or of an instrument, de-
pends to & great extent upon the num-
her of overtones, as they are called. in ..
the sound produced by the vaice or ir- L
strument. and when these overtones um
wenerated together they produce whar
are known as beais. The heais are partial evi-
dence of either many overtones or of strong over-
iones in the sound. We ssv partial evidence,
herause the presence of beats does not. necessarily
inean that the timbre or quality of & sound is
good, The beuts may result from a wixture of
unpleasant tones or dissonanees, as they ure
e"a“l"(l.

‘That the beats have considerable vuine. how-
ever, in connection with the rimbre or quality is
well recognized: the violinist aetnally produces
artificial beats as he plavs. by rocking his finger
an the string of the instrument. 'Fhis makes the
active portion of his string longer and shorter by a
small amount. and so changes the pitch of the
note he is playing by & =imilar small amount.
This is dane several times « second. and the ear
perceives this variation of the piteh as a slow heat.
sote, In rhis way the violin or ¢ello, uircady rich
in overtones, arc made 10 sound as i’ they were
=1ill richer in these rones which please the ear,

It is hv means of avertones and heats that we
are enabled to tell the different musical instru-
ments apart: ‘o go u little further, i is actually

1
o

auish the voices of ditferent individuals and to
eateh the varied and different. shades of meaning

# President. National Radio institute, 16th snd U Streets,
N. W., Washington, D. (¢,
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in their voices as they speak. Men have voices
richer in overtones and beats than women; chil-
dren have voices with relatively few. That is why
they are so shrill, Sopranos have fewer than con-
traltos. This is beeause the notes they sing are
higher: overtones are pitched higher than the fun-
damental, and it is clear that there is an upper
limit. to ihe capability of the vocal cords for pro-
dueing high-pitched notes,

Let us find out. what. a heat is. Suppose we go on
a picnie and put up an old-fashioned swing on one
of the irees. Our lady iriend takes her seat on the
swing and we find ourselves assigned to the task
of keeping the swing going. We give it a push to
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siart it off, When it comes hack we give it anoiher
push, and soon it is swinging quite high. Now we
stop pushing it at each swing, and are content to
Ve it u shove af every other swing. [t is elear
that cach time we push i1, it swings barder than
those times we do not push it I the swing is
rocking at the rate of 20 swings & minute, we can
zay there are ten “heats™ per minute, or there
are ten times per minute during which it swings
harder. So. if we pushed it only every fourth time
there would be five beats per minute. If we push it
every time it swings there would be no beats, for
there would he no time when it would swing
harder than at other times,

Now we ¢an begin to think of sound waves, for
these ure cansed by the air through which the
sound travels swinging back aund forth. Suppose
we have @ certain sound ereating vibrations of the
air in the room, and that ar a given instant and at
# eertain point. the air is moving in a definite
direetion. Then, i anorher sound in the room also
#auses the air ar thai same point and at that same
instant to move in the sume direetion, the two re-
inforee cach other, At another moment, perhaps,
the vibration of the zccond sound will not. be in
step with the first and will tend to neutralize the
vibration eansed hy the first sound. This rise and
fall in amplitude of the combined waves consti-
tutes the beat in which we are interested.
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T'he number of beats so ereated is equal to the
ditference hetween the rare of vibration of the two
sound waves, That is, if one wave is vibrating at
the rate of 1000 times # second and the other a1
£100 times a second. there will be 100 beuts per
seeond, We shall actually hear a sound which hax
a piteh corresponding to 100 exveles per second, Tt
will he & rarher low-pitched nore. but we shall
hear it neveriheless, 1f the frequencics of the two
nores difter by only 10 eveles per secoud we shall
distinetly hear ten beats each second. but there

will not bhe =@ definite pitch to rhe beat nove. This
15 heeuuse the heats are so slow that the ear cui
hear euch one separately. When the frequency
of the heats gets up to about 25 per sceond, the
ear cannot distinguish each beat sep-
aratelv. bui begins to perceive an
actual tone.

I'his should be sutficient to give the
novice a fair idea of what beats are,
In this article we are more concerned

with what we ¢an do with them in [

electrical and radio eircuits. and how
we can ixe them in various ways.
Beats ean take place in radio circuits
as well as in the air, although, of
eourse, they are then caused by the <s

h0020¢.¢200000
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rather low note of 100 eyveles per second. If we
rune the reeeiver to exactly the same frequeney as
that of the carrier wave, the difference will be
zero, su there will be no bewt note wi all. This i3
kknown as the **zero beat ™ condition. If we would
turn the dial still further, we should find that the
hoat note would come back agnin, starting ai a
fow piteh, gradually rising until it passes out of
andibility. It makes no difference which wave has
the higher aud which the lower frequency. The
pitch of the beat depends only on the diflerenee b
tween the iwo.

Tei us see how heais muy be ereated in the
liborutory or workshop, Tuke & sitnple radio fre-
queney oxeillator, such as we have shown at the
left in Kig. . ‘Then rtake another oscillator,
made exactly the sure as the first, but this time
include a grid leak and grid condenser, so that
what we really have is an oscillating detector.
“his is also shown in Fig, 1. This gives ns the
satue stute of affairs which we discussed in the pre-
vious paragraphs, The oscillator at the right in
kig. | may be considered to be the broadeasting
station, and the one an the left is the ozcillating
receiver, The beat note passes through the af.
trunsformer, aund may then be aniplified and
heard coming out of the loudspeaker. We cun
ruake the beat note any frequeney we waat by
tuning one oscillator or the other,

neof the simplest applications of the sci-up of
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mixing together of two or more radio
frequency oscillations in a given eir-
cuit,

We are all familiar with the whistling sound
which we hear when our radio receiver happens to
ascillate and we are trying to tune it to some sta-
tion. As we turn the dial around we soon begin to
hear a1 high-pitched whistle. Suppose we stop
there for a moment and consider what isoccurring.
[.et us assume the receiver to be oscillating at
1,000,000 eyeles per second (300 meters). We may
also assume the carrier wave of the station to
which we are going to tune as being 1.001.000
eyeles per second (a trifle less than 300 meters).
The difference between the two frequencies is
1000 eyeles, which is the pitch of the whistle or
note we are hearing.

f.t us rurn the dial a little more, and tune the
ascillating receiver to 1,000,100 eyeles per second.
The difference is now only 100 eycles so we hear a

F16.3

apparatus is inmeasaring the eapacity of con-
densers, Suppose the condenser €4 is u standard
sondenser — that is. we know its eapacity at uny
setting. Tune the two oscillators so as to abtuin
the zero beat condition, then conneet the unknown
condenser ¢ in purallel with C, wnd reduce ¢,
until the zero beat is ugain obtained. The amount,
by which we had to reduce €5 i equal to the
eapacity of the unknown condenser ',

There is w servious diffieulty with this method.
however, which detracts from its aceuracy, and
this may be explained with the aid of Fig. 2. Sup-
pose, as we turn (7, slowly, the heat frequency
comes into audibility =t a very high frequency,
deereases steadily in the direction of the arrow,
and then becotnes of too fow a piteh for the ear to
perceive as @ tone. In other words, the beat fre- ,
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quency passes below audibility. Ax we continue
to rotate (' we shull not be able to hear the beut
note again untl it rises on the oiher side of zero
heat. In other words, there will be silenee hetween
the points ¢ und b of Fig. 2. 1t is clear then that it
will not be possible to set the condenser C's wf the
sxact position which gives the zero heat

In order to avoid this difficulty we ean make use
of an idea which is due o Professor Whiddington
of the TTniversity of Leeds. England. We have an
andio tfregueney note which we can adjust 1o any
irequency we want. in the audible runge, Let us
heat that note against unother audible note, in
much the same manner as we ¢an make one string
of a piuno bear, with another string, by siriking
the two strings together,

Let us modulate one or the other of the oseilla-
iors shown in Fig. 1 with a constant audio {re-
quency note, sav 1000 eveles. This muy be very
easily done by connecting o 1000-evcle buzzer in
ihe prid circuit us shown in Fig. 3. We chall now
hear coming from the loudspesker two wudible
notes. Une of these notes ix the heicradyne re-
~ulting from the beating of the two radio fre-
quency oscillations, The other is the 1000-eycle
note of the buzzer. As €, ix rointed then, the het-
crodyne note will eome down from above audi-
hility. as indicated hy the srrow in Fig, 4. Let us
sippose this heterodyne note gets down to 2500
evefes. We are now hearing iwo :adible notes,
wne oi which is 1000 eveles and the other 2500
o These beut with cach other. w0 that we
huu a rlurd note of 1500 eyeles. This is culled &
~evondary heat, Suppose the heterodyne wote gets

BEAT FREQUENCY

F1o.4 .

down fo 1200 eveles, Our - condary beat iz now
200 cveles, When the hercrodyne note pets
exactly 1000 eyeles it has the sume frequency s
the Izzer, su that we now have 2 eondition of
zero seeandary beat, 'UChis is indicared in Fig, 4 by
+he point a.

i we should continue 1o rotate €, we should
find our secondary heats would come back zgain,
gradually increasing until they passed out of
audibility. 'The heterodyne note would at, the saine
time deerease unull zero beat is obtained below the

113)
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line ed of Fig. 4. Another point of zero secondary
Lieat would be reached ai b (Fig. 1).

In order to visualize how these various fre-
queneies change with the seiting of the condenser
(s, we have spread out enormously the horizontul
~cule in Fig. §. In Fig. 5A are shown the radio {re-
squencies of the iwo oscillators, The oscillating de-
tector is supposed to he fixed or constant, so that
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we represent its frequency by rhe horizontal line
ih, As we vary C'; of the oscillatar, ihe frequency
of the latter deereases i increased. This is
indicuted by the curve e,

‘I'he hererodyne note or the beating between
ihese two radio frequencies is indicated by the
curve g in Fig. 5. ‘Fhat part. which is helow
andibility is indicated by ihe shading. The line #j
represents the constant frequeney of the bazzer.
The secondary beats result. from ihe heating to-
gether of ihe two notes represcuted by ¢fg aud A3,
and are indicated by the curves kwmnop.

All this may seem rather complicated, but
really it is simple. Tt may be made very clear hy
cutting Fig. 513 in half. along the line ju, and con-
=idering only one half of it. at. a time. The action is
the same on hoth sides of the line f#. Depending
on the setring of the condenser (. it is possible to
hear one note, or iwo or three notes simulta-
neously. For instance, when ', is at 2 (Fig, 3B)
the only note heard is the i00U-cvele note of the
buzzer. When set gt 4 rwo notes are heard. the
fu00-cyele buzzer nore and the secondary beat
note. When set at z all three notes are heard, viz. .
the 1000-cvele buzzer, the heterodyne, and the
secondary beat. notes. The heterodyne has its zero
heat at f; zero secondary beat oceurs at m and o,
It is very interesting to hear ihese various notes
travel up and down the scale as the condenser is
furned slowly,

as O
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fn applyving the system to measuring capacity
of condensers, zero secondary heat is obtained.
the unknown condenser is shunted across the
=tundard, and the standard readjusted until zero
wndary beat s again obtained,

Another application of the beat phenomena ix
found in svstems which are employed for stund-
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io heat any of the harmonics of the one against
#ny of the harmonies of the arher, For instance,
rhe fourth harmonie of the tuning fork (4000 cxy-
clesy eanld be made to heat wirh a sixth harmonie
of the generator, Clearly, the generator would
have to be set at a frequeney of 4000 6 or 667
crvles per seeond inorder to obtain zero beat. and
thus this point on the ealibration
curve of the generator is obrained.
It was possible to use harmonics
of the tuning fork and of the gene-
tator up to the L0th and in this
manner obtain about fifty points

on the ealibration curve,

There are many other wayvs in
which the beat principles can be
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utilized. not oniv in measuring
capacities and inductances, but for
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ardizing frequencies, Some interesting work was
recently done along this line by D, Jolliffee and
iliss Hazen, of the Burcau of Srandards.

teferring to Fig. 8. the ourput of 4 special pre-
¢iston tuning-fork operated by an astronomical
vlock was amplitied at low frequencies by o har-
monie amplitier. This is an ordinary audio fre-
yuciiey atnplifier which is adjusted to disrort the
signal applied to it. In doing this, a large number
of harmonies of the signal is created. At the out-
put of this amplifier is connected a filter, which
¢ lects, say. the 20th harmonice. There is ihen im-
pressed on the secoud harmonie amplifier a I're-
fueney which iy eaoaclin 20 times the original. or
20,000 eveles per second, if we assutne the original
to he 1000 eveles per second, The 20th harmonice
of this may again be selected from the second har-
nenic amplitior by another filter, furnishing us
with a frequency which we know ta be ceactly
400,000 eveles. This is now amplified by an am-
plifier which does not distort,

=suppose now it. is desired to compare this fre-
quency with the frequeney of a crystal-controlled
ascillator, which is supposed to have & frequency
nf 400,000 cycles. The standard frequency of 400.-
QU0 eyeles is made to beat with the frequency of
the crystal-controlled oscillator, and the beat
note which is obtained is clearly rhe ditference he-
tween the two frequencies and is the amount by
which the crystal-controlled oscillator is iu error.
"I'his error may be measured in a variety of ways.

Another interesting application of the bheat
principle was deseribed by S. Harris in the £2v0-
ceedings of the 1. f2. E. for April, 1926, It was de-
sited to calibraie an ordinary audio-frequency
oscillator or generator, and the only standard
sonree of frequency available was a simple 1000-
cvele tuning fork, Advantage was taken of the
fact that both the generator and the tuning fork
were tich in harmonics, aud that it was possible

nearly all kinds of frequency
standardization and calibration
in systems which require the ac-
enrate determination of resonance.

Letters to the “T'echnicul Information Serviee
still indicate » wide-spread misundersianding
over the terms “microfarad’™ and **micro-
wicrofarad.” "'he unit of capacity is the farad - -
@ ounit faur foo large for practical use in radio
work, f{t replaced Ly sub-multiples; the
mierofarad and the micro-microtarad. ‘Fhe micro-
furad 1s one millionth of a furad and the micro-
microfarad one millionth of microfarad,
A condenger of 0005 microfarads iufds.) e¢an
therefore he sald 1o have a capacity of 500
micro-microfarads (uufds.i. the conversion of
tnicrofarads to micro-microfarads, in other words,
ix merely = matter of moving the decimal point.
six places to the right.

is

is

WHOC has recently heen in commuunication
with the Byrd expedition. The Press of Durham,
North Carolina, thrilled, states, ©Whitaker ex-
peets to continue fus ralks with the Byrd operaior
through the medium of the crackling spark which
sends the Morse continental code hurtling across
the tremendous space which separates Durham
from the poiar vovager,”

.

WOFTIGr suggest that the cover of September
12% ST, together with the A. R. 1. L. emblem.
makes a good painting for a slicker!

W3RZ has added a 17X-222 to hiz long-wave
houeyecomb-voil receiver and finds it highly etfec-
tive. ‘The existing primary of the receiver serves
as the plate coil for the screen-grid tube, # new
pritnary being arranged in the grid circuit of this
tube, shielding undoubtedly would be an ad-
vautage but W5S5RZ's receiver operates splendidly
without it.
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Alternating Current Rectification as Applied
to Radio
(In two parts—Part 1)

By R. J. Kryter*

r HFE ¢nse and ceconomy  with which
alternaring eurrent. may be gencrated
und distributed has made it widely
available throughont this country. As

a result. the majority of the deviees and processes

using clectricity, whether in the factory or it the

home, have bheen adapted to operate on this form
of enrrent, ‘The only eonspienous applications
of electricity requiring direet enrrent. have heen
in the ficlds of cleetrie traction, clevaror seevice,
and eleetro-chemicul processes. These applicu~
tions fuwve all been on such a large seale that they
justity the special generation of direet. current;

o1 the operation of large conversion plants using

eHicient rotating muchinery,

‘I'he field of radio communication also requires
direet. current. hut ot such a varicty of voltages
sud currents, at sucht low powers and in so many
scattered installations. as to make the ahave
methods of supply impractical, As a result, the
rapidly expanding radio art has engendered «
sudden demund for cheap, low-power rectifiers,
and the entire problem of small-scale alternating
surrent, reetification has become a specialized
branch of radio teehnology. ‘The peculiar require-
ments of radio have revived interest in many
methods of reetification which had heretofore
heen mere faboratary curiosities, Sotne of These
pequirements set forth approximately in the order
of their importance ure us fallows:

. 'T'he rectifier must be cheap.

2. Homust be reliable.

3. 1t should have loog life.

f. 1t should wvequire the minimum  of
atiention,

5. It shonld be compaet,

6. Lt should be silent in operation. cause no
radiant  electromagnetic  disturbance
and contain no moving parts,

7. It should be cificient,

The ranges of voltages and enrrents which these
rectitiers must. bandle are roughly from one to
five amperes at two o iwelve volts and from
twenty to five hundred milliamperes at one hun-
Jdred to three thousand volts, covering a power
range from two watts to one kilowatt,

The various tvpes of rectifiers fulfilling the

+ Research  Enginesr.  lrest-U-lite Storage Rottery
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more important. of the shove reguirements are
as follows:

{. Fleetrolytie,
ia) Aluminum,
1b) Pantalum,
2, 'I'hermionic,
3. Gax Conduétion,
fa) fungar.
by Mereary Are.
w) Melium.
4. Dry Contact.
1) Copper Salfide,
thy Copper Oxide.
5. Vibratling.
o, Rotating.

Of these various types the electrolytie rectifier
is the most easitv adapeed by the experimenter
to his speeial uses: the helium tube 1s best. for
small currents at medinm voltages: the mereury
are is the most versatile; the Tungar is best for
heavy eurrents at low to medium voltages; the
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thermionic valve is best for moderate vurrents
at high voltages; the dry eontaet type is best for
stall eurrents ot low voltages. The vibrating
rectifier tails eomipletely 1o fulfill requirements
No. 2, No. + and No, ¥ and has fortunately be-
come ohsolete, The rorating fuachine usually
tails to fulfill items No. 1, No. 1 and No. 3, and
never fulfills item No., 6. Hs characteristics and
application form & special study. Thercfore,
vibrating rectifiers and rorating tnachinery will
receive no further treatment. in this article.
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THE PROBLEM

“‘Reetification,” as defined by Jolley, “*should
entail the conversion of a ¢urrent which ﬂur tuates
symmetrically about an axis of time into one
which fluctuates in any fashion whatsvever un-
rmmetrically about the same axis,” “Thus the
alternating current sine wave, A" (kig. 17 will
be rectitied if converted into any of the wave-
forms B ) D SRS SR G and
“H.” The latter two are spoken of being *com-
plete” rectification, inastnuch as the eurrent
is wholly i one direction; the forms “D” und
“E' are called “incomplete” hecause of the
presence of a negative wave, Forms “ €7 and
SO ealled tperfeet rectification, heeause the
foops of the original sine curve have not bheen
altered in shape. Curve *B™ represents half-
wave rectification, the original negative loop in
“A" bewng completely suppressed. Curve =7
represents full-wave rectification, the negative
foop iu ** A" being reflected across the time uxis
into & positive position. Curves B’ und "
representing perfect vectification. will be ob-
tained only from a rectifier which follows Ohm's
Jaw 1n its “‘open’’ direction, possesses neither
capacity nor leakage, and works into a pure
rexistance load. e
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CUECTROLYTIC RECTIFIRRS

The clecirolvtie valve is one of the oldest
fnown  devic for rectifving un ulternating
current, it is simple and inexpensive o canstruet,
the necessary parts usually being found in uny
experimenter’s workshop, (v s especially prized
by the mmareur beeause it ean readily be adapted
to a wide variety of conditions, Its operation
depends wpon the faei that many metals when
immwersed in suitable solutions offer & much
preater resistance (o the passage of current in
une direetion than iu the other. This curious
behavior i1s probably due to the fact thut the
ticfals in question form on their surfaces a porous
oxide film filled with gus. This gas-film permits
the passage of elecirons from i1he wetal electrode
into the solution, but obstruets the passuge of the
jors from the solution. In other wards, currett
flows freely through ihe cell only when the
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rectifving metal is the negative elecirode of the
cell,

This valve action is demwonstrared by oy
metals, but is most conspicuous in the cases of
aluminum and tantalum, Tantalum, @ rare metal
closely allied 1o tungsten, will reetify in almosi
any (lmm(‘lll\ canduetive solution, while alumi-
num rveetifies onl_y in certuin weak clectrolvies,
Ifnasmuech as the sluminum rectifier is bettey
known and mere widely availuble, it will be de-
seribed ut greater length,

Aluminum reetifies best in zoluilons of the
complex organie zalts of ammonium, sodium,
and potassium, Alihough ii will operate in solu-

tions of carbonates, borutes, or phegphates, it
i nr its best in mixtures of citrates, wrirates,
es und the like. In general. the heavier and
more complex the organie weid with which the
ammonium ix cotnbined, the better the vectiticu-
tion. Aluminum will not reetify in the presenee
of strong ucids, sirong bases. chlorides, sulfates
or nitrates, Usually it operates hest in a wenkly
acid solution. Solutions having even s nuld alla-
line reaction ¢anse rupid disintegration of the
aluminum. Although, theoretically rhe solution
should sutfer no change during the rectification
process other than o loss of water, wetually, a
progressive decomposition  takes place which
eventuully destrovs the clectrolyte, As long as
the rectifier is pot averioaded, this destruction
procecds at w regular puee depending upon the
naiure of the solution, sa that the life of a given
solution. can he siated in terms of quantity of
eleetricity reetified per unit volume, The fife of a
simple inorganie zolution (=uch as horaxi is very
short compared to the tife of suitable organie
mixtures such ux thar described below,

The aluminum cell, in common with ull other
elecirolvtie rectifiers, dizplaye the phenomwenon
of “breakdown voltage™ much as is done by an
insulator, For any viven combination of metal
and solurion there is 2 cortain eritiead voltage at
which the oxide film ix disrupted aund the valve
aetion is at first sevionsly impaired and finally
destroved  altogether, his breakdown s ae-
companied by a sharp vise in the teperature of
the solution, pitting of the elecirode, disiuregra-
ilon of the clectrolyte, and often by visible aveing
ot the reciifving s . Furthermore, the afunn-
num cetl does not offer an infinite resistanee to the
How of current in the ceverse direetion but o fi-
nite high resistance, fn other words
defimte Teakage, This leal iner
rapidly with inereasing temperature.,
reason (f is very important that the temperatnee
of any aluminum reetitier be properly eonrrolled,
As the iemperniure vises, the leakage curreni
increases, und the /272 losses of this feakage car-
rent further inerewses the tempersture, This
cnuses the leakage current to inerease still further,
and the cvele repeats unill fulure of the eell
occeurs. This vicious @ircele begins at i eertain

kave
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sritical temperature which is characteristic for
any given metal and solution much as in the cuse
of the breakdown voltage. In fact, {ailures of an
vlectrolytie valve, ihrough exceeding either the
breakdown voltage or the critical temperature,
produce the same cffects and are probably due
primarily (o the same causes, numcly, the speed-
ing up of the negative ious in the solution until
their velaeity is sufficient, to penetrate the oxide-
gas diclectric film, This feakage effect ;'n'ufluces
1 wave-form such as shown in “1D?” i

Following are two formulas of
pectifier solutions iogether with their up(‘l‘quﬁ
eharacteristics:

Nolution No. 1

*Ammouium citrate. ... ........... 425 pms,
Clitrie aeid . . e eeeee... OGS gms.
Ammonium phnqphdlc ............ 150 gms.
Potassium eltrate. .. ... ... ..., .. 8 gins.
Distilled water. ... .. RPN 1,000 ec.

T34 pms.
150 gms.

S gms.
1,200 ce.

Puta«mm citrate.
Pistilled water.

T'he ehemicals used must be pure and should be
dissolved with the vid of gentle heat. The final
solutions should be practicully colorless and of a
SYTUpY consistency.

Rolintion No. 1 has 4 maximum working voltage
of 160 volts (r.nus.j per cell, a breakdown voltage
of 210, o eritieal temperature of 120° ¥., and a life
of 69 ampere hours per 100 ce. of solution. Solu-
tion No. 2 has a4 maximum working voltage of 130
volts (r.m.s.) per cell, u breakdown voltage of 160,
a eritical temperature of 110° F. and a life of 91
ampere hours per 100 ce¢. These solutions darken
aradually in use, becoming almost black at the end
of their life. A piece of litmus paper may be used
ta test the vcondition of the solution. When the
solution becomes alkaline, i.e., turns red litmus
paper blue, it is exhausted and should be replaced.
Both the solutions are non-poizonous and non-
corrosive, The anly precaution necessarv in
handling them is 10 aveid eontamination, Evapo-
ration should he offset by the addition of fresh
rolution or of distilled wafer; tap-water must not.
be used. Evaporation ean he reduced and the
srowth of mold prevented by covering the solu-
tion with « layer of il,

The aluminum used in an eleetrolytic rectifier
should be of the highest possible purity, a3 im-
purities in the metal cause loeul aciions which
corrode it. The only impurity which ¢an be tol-
crated in any amount is copper. The aluminum
may be in any convenient form such as rod, sheet

# 1 avoirdupois ounce 3 ns,
} apothecary's ounce .1 gms.
1,000 ce. .8 tluid ounces.
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or wire. The best cleetrode, however, consists of
an aluminum rod, rounded on the ¢nd and pol-
ished smoothly all over. Sharp corners, edges and
rough surfaces iend to concentrate the electro-
static field and break down the film. whereas
rounded, polished surfaces maintain a4 uniform
tield and & inueh more homogencous and tenacious
iilm. The dicleciric Jayer surrounding the :lumi-
num is extremely thin, making the potentind
gradient  very high; therciore ihe cleetrode
should be shaped the same @s it would be to
carry high potentials in the open air without
vorona. A rounded and polished aluminum clee-
trode “{arms* much more quickly and maintains
its film rauch bhetter during idle periods than does
un ordinary rough irregular surface. If the cell is
1o remain idle Yor any length of time, the elee-
trodes should be remnoved from the solution,
washed and dried. The dried film thus obtained
is surprisingly permancni.

The inert (positive) cleetrode for the rectifier
may be of graphite, iron, lead, or a non-corrosive
alloy, such us “Durion.” Piano wire or high

carbon drill-rod make excellent. ineri, electrodes,
A convenlent reetifier eoil eonsists of o glass
boitle 114" in diameter and 47 high, carrying

v

electrodes 44" in diameter and filled with about,

FLECTROLYTIC RECTIFIERS

TWOo

LYPES 0OF
ARE SHHOWN ABOVE

To the Ioft i o sle-rll il nsing tantolum electrodes,
T'he singie cell s of the vlumirwin-lead type, 2*he cip chown
illustrates n. method which promdes pratection io both elemenis
allowtng ondy o shorl length 10 be cxposed (o the dectrolyte,

90 ce. of solution. Such u cell, if properly venti-
luted, will continuously rcetify 100 milliamperes
at the maxitnum working voltage. If the alumi-
num cleetrode be rounded and polished, and pro-
iected by a sleeve or rubber tubing so that only
the lower inch is exposed to the solution, a new
eell should “form” sufficienily for use in one
minute and should show u finad leakage current
of not over 0.1 millinmpere at 150 volts d.e,

Since any cleetrolytie valve funetions by virque
ol an exceedingly thin dielectrie taver interposed
between the solnfion and the acfive eleetrode, the
valve displays the phenomenon of capacitanee
inasmuch as it contains wwo ¢onductors sepa-
rated by an insulator. in the “closed” valve,
some current will flow through this inherent
eapacity and render the yeciification incomplete.
‘This effect is shown in wave form = E” of Fig, 1.
For this reason it is desirable to reduce, as fur us
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possible. the area of the eleetrade in order to re-
duece the internal capacity and therehy pracice
more perfect. rectification. ‘Fhe elecirode should
be of such a size that the current density will be
at least. 50 milliamperes per squure inch, but not
greater than 2500 ma. per sq. in. The higher the
eurrent densitv, the more complete the reetifien-
tion, but thelower the energy efficicney. Rectificun-
rion ratios in half-wave circuits as high as 0.62
are obtainable, althongh the usual values are 0.4
to 0.5, Similarly, although power cthiciencies up
10 T0% are possible, the usual reetifier will have
an efficiency of 2007, -— $0Y.

ELECTROLYTIC CONDENSERS
The inherent eapacitance of an eleetrolytic
vulve is made use of in the electrolytic condenser,
S“uch condensers can be designed to give very
large capacitics in swall spaces, and furthermore,
are surge-prool and self-healing. In this applica-
tion, the rectifying metal is the positive electrode,
us the condenser operaies in the **closed valve™
position. An excellent solution for an electrolytic
condenser consists of H0¢; of the above =olution
No. 1, 25, glyeerine and 5% aleohol. The
active eleeirode should bhe polished aluminum
wire wound in coils, and the inert. electrode may
be a graphite or iron rod, or may he formed by
the container itself in case the latter ix of mm
or tin. Using this construction in the 1 4
glass bottle mentioned above, it is pos-.lhle to
build a 30 ufd. condenser having a working volt-
age of over 200 volts d.e. When completely
formed, the capacitv at 150 volts d.c. should be
ahout 0.4 microfarad per square inch of active
aluminuw surface und the leakage current shonld
not be over (.05 milliampere per mierofarad.
As the forming voltage is increased. the capacity
of the cell is reduced and the leakage current
inereased, In un eleetrolytie condenser it i
essential that the clectrode and electrolyte he of
high purity, otherwise objectionable leakage
currents will oceur and ithe film will not be per-
raanent. ‘T'he condenser described above will
“reform’ in twenty to thirty seconds after
an idle period of one week.

TANTALUM CFLL

The iantalum cell, popularized under the name
“Balkite,” is bhuilt around the peculiar proper-
ties of the rare metal, tantalum, Sinee tantalum
will rectifv in aimost any conducting liquid. the
clectrolytic used is 1.200 ¢p. gr. sulphurie acid
zolution sitiee this material is cheap, easily ob-
tnined and has a high electrical conductivity. The
dition of 1¢% by weighi of ferrous sulphate as
a dnpolarizer inereases the outpui and Ptﬁ(’ien(‘}'
of the cell. 'T'he tantalum rectitier **forms* in-
stantly. maintains its film almost indefiniiely,
and shows a negligibly small leakage. Further-
raore it iy almost unatfected by temperature and
will rectify satisfactorily in u boiling solution.
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The only drawback to the use of fantalum out-
side of the difficulty of obtaining the metal lies in
its low breakdown voltage. ''he maximum work-
ing voltage is 30 volts per cell and the breakdown
voltage isx about 15, For this reuson it takes six
tantalum cells in a “B” sucket power device to
do the same work that can b done by one alumi-
num cell. The fantalum cell, however, is rugged.
veliable, and has a long life. The small size tanta-
Ium trickle chargers have an average useful life
of 1000 ampere-hours. Due 10 the reduced leak-
age sud low internal resistance, the iantalum
cell is ore efficient than the aluminum cell,
an ordinary 3-ampere batiery churger having an
cnergy cfficieney in the cell itself of abhout 40y,
Tantalum cannot be used for electrolytic con-
densers beeanse of its high cost.

Ferro-silicon las also been oxploited com-
mercially as a rectifier. Tt operates satisfacrorily
in sulphurie acid solutions but has the low break-
down voltage of tantalum. comhined with the
feakage effects of aluminum and couscquently
iv in gencral inferior to cither of the above
materials,

THEKMIONIC RECTIFTE RS
i'nder this heading are considered only thoge
hot-filiinent reetifiers operating in sueh o high
vacuum that the eniire current is earried by an
cleetron  stream, as uv\mpliﬁod by the well-
known ** Ienotron™ ar = [tectron™ tubes, These
rectifiers are moderate in price and may be ob-
tained in & variety of sizes; they are suitable
for high voltages, are very reliable in operation,
and are practically the only devices giving
sperfeet” rectification, Sinee they represent the
best. present. answer to the problem of medium-
current, high-voltage rectification, their proper-
Lies will be considered in some detail,

Hot bodies eniit from their surfaces small dis-
crete units of negative eleetricity called **slec-
trons,” The rate of emission of cvlectrons from =
given surface is dependent upon the temperature
and the nature of the surface. the emission in-
ereasing rapidly with rising temperature. $When a
heated filament is placed adjacent to a cold elee-
trode in a4 highlv evacuated vessel, electrons ure
shot off the filament and impinge upon the eald
plate, impariing to the laiter & negative charge
and leaving the filament posiiively charged. ‘Uhis
charge builds up to the poinr where the blanket
of negative purticles around the filament. {spuce-
chargei prevents by repulsion any further emis-
sion of clectrons, If a source of emf. be con-
nected hetwern the filamenr and plate in such n
way as 1o make the plate positive, then the ex-
cess begative charge on the plate will be neutral-
ized and a euarrent will flow in the eircuit, this
curreni. being carried beiween the filament and
plate soiely by the electron siream issuing from
the former. Ii the polarity of the ¢.w.f, be re-
versed, thai is, if the plate be made negative,
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then this additional negative charge assists the
space-charge in repelling the eleetrons shot off
from ihe filament and as a result the flow of
eurrent in the eirenit siops instantly and com-
pletelv. Thus in this simple deviee we have an
alectrical valve much like an hydraulie check-
valve. in thai it permits the flow of eurrent iu one
direetion only. t'nlike the eiectrolytic rectifier,
this deviee ias fong us it is maintained within
normal operating timitsi offers a practically in-
finite resistance in the closed valve direetion, i.e.,
it has no teakage. Furthermore, its internal
eapacity is so small as to be negligible at commer-
cial frequencies. Under normal conditions its
operating characicristics remain remarkably con-
stant durthg iis uscful life. independent of temper-
ature, load, ov prior treatment.

Just, as the hebhavior of an eleetrolyvtic ecll is
dependent upon the chemical and physieal nature
of the active eleetrode, s0 the hehavior of a
thermionic tube depends on the chemical und
physical nature of the filament. surface. "The euse
with which cleetrons are emitted from the surface
of a substance varies greatly among different
materials bui is characteristic with any given
material. We :Il know that a relatively high
temperature is neeessary to evaporate mercury
in the open air, whereas water boils with the appli-
wation of gentle heat and chloroform evaporates
frecly of its own aceord. In the same way, tung-
sten or platinum must be brought to a bright
white heat in order to vuhtain sufficient ¢lectron
emission for practical purposes: tungsten con-
taining # small amount of thorium will operate
equally well at considerably lower temperatures,
whereas alkalinc-carth oxides will funetion ai a
barely visible red heat. Tn this way we might
elagsify thermionic valves according to the nature
of their active surfaces. The plain tungsten or
platinum lilament is wobsolete; the thoriated
tungsten filament (as exemplified by the 1IX-2106-
B) has long been iu favor but is now being dis-
placed by the more efficieni oxide-couted filament
such as is used in the TIN-281, The oxide-conted
tilament. runs at the lowest temperature of the
three and consequently is the mosi cfficient in
the sense that a much greater maximum plate
current may be obtained from the valve for o
given wattage expended in heating the filament.,
For purposes of interchangeability, the oxide
filament of the 281 has been designed for the
same current and voltage as the thoriated fila-
ment. of the 216-B. As a result, at light loads the
new tube is no more efficient. from the standpoint
of filament power than the older tube. However,
it is possible o obtain safely much greater recti-
fied currents from the new tube than could be
obtained from the old one, and at these heavy
foads the tilament power hecomes a smaller per-
centage of the total power in the eircuit and
therehy demonstrates superior efficiency.

The average useful life of an oxide-couted
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filament, is very great, exeeeding that of any other
type cruitting surface now in use. It is very
important, however, that the tilament should not
he overloaded by applyving hearing  voltages
ahove the raied values as overheating of the fila-
ment causes abnormal concentration of the emis-
slon on certain active “spots™ and quickly ex-
hausts the filament. When such exhanstion of an
oxide-couted filament ovccurs, no restoration is
passible, the tube being completely and per-
maneutly ruined. With the thoriated tungsten
filameot, however, the situation is different, inus-
much as an exhausted filament mway often he
“rejuvenated.” In ease of the thoriated tungsten
filament. the majority of the emission is irom ihe
traces of thorium present on the surface of the
filament. wire. "This thorium is originally incor-
porated in the filament, cither as a core of tho-
rium ozide in the center of the wire or as a
thorium ulloy dispersed throughout the sire,
In cither case a temporary overload will exhaust
the surface thorium. More t horium can be brought

THE 351 — THERMIONIC'RECTIFIER

to the surface from the hody of the wire hy
“cooking” af w voltage slightly higher than nor-
mal, applying no voltage to the plate during
this proeess. To vejuvenaie the filaments in
VIN-216-3s or {7 N-210s, they shouid be cooked
at 9 volts for 30 minutes und then tested for
emission. The “eanking™ is continued 1 -
minute periods until the emission shows no fur-
ther improvement. There is no point in **eook-
ing"" longer than two hours, as uny tube which,
has not reached an aceeptable value after this
length of time cannor be reactivated. To test the
emaission, the filament. should be burned at ex-
avctly six volts, and 125 volts applied to the plate
of a 216-13 or 100 volts applied to 1he plate and
erid together of a 210, Normal tubes will show an
emission enrrent of 150 milliamperes or more,
but the performance of the tube will be satis-
fuctory if the current is greater than 55 milliam-
peres, A TIN-251 should be tested for cimission
with 7.5 valts on the filament and 150 volts un
the plate. The emission shonid nof. be less than
200 milliamperes.

"To prolong the life of the filament it is generally

iCondinned on poge .50V
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“Dress”’

By C. J. Paddon*

RESS may convey to one’s mind any of

# number of impressions, [t may, for

instance, mean more money spent on the

OW or, perhaps. a new pair of pants or

even the business of making 4 straight line out of

& company of soldiers, 1t is also used in engineer-

ing to impiy those last little touches ot a joh thar

make all the difference in the world between a

professional-looking, finished-appearing layout

and something that just works, **Dress™ is the

indes of the pride and thoroughness of the

workman.

it sectms to me that “*dress” is a quality not

usnally found in amuteur radio stations, ‘Uhe

probable reason for this being that the amateur is

usually so anxious to try it ant once it is working,

that the mere question of apprarance doesn’t
seem to be of great importance.

FIG, ¢
of sliteh dlinsiraied  here anll
thimagh the pull 0n the cord

The lipe

If the mere looks of » station were the only
reason for ““dress,” it would be of small impor-
tance but there is a great deul more to it than
that: How many times has a dangling lead been
the cause of a lown tube or meter? How many

_times has it becn necessary to waste an hour or so
in getting u haywire layout in shape, when s
systematic installation would have speeded
things up and allowed the purticular job in view
to be finished in balf the time? [fow many times
have vou missed skeds just because the outfit
went on the bum and it was impossible to lacate
the trouble due to the mess of wiring?

All right! ‘U'hat much for destruetive eriticism:

v about something helptul? ‘The simplest use ol

ress’ is the cabling of all leads carrying low-
frequency or direct currents, Suppose, let us say,

there are seven leads coming up to the set from a

power supply on the floor. Why not take these

“ Ilectrical Research Products, 230 West 57th St., Ch-
at.

seven leads and run them along in a bunch. Thev
can be lashed tightly together with a piece of
hard cord using u *‘whip stiteh™ ag shown in
Fig. 1.

There are several manners in which the eord
can be looped about the bundle of wires but only
one that allows each individual loop to tie itself
tightly in place, A carcful study of the siitch

\ BEFORE

AFTER

Free

illustrated in ffig. 1 will show that the cord run-
ning lengthwise is passed under the loop whirch
binds the hundle togcther. Each loop, therefore,
locks ifself in place and after it is pulled tighrly
in position, it is difficult to loosen or move it
That portion of the cord running lengthwise does
not have io he pulled tightly in order to keep the
loops from loosening. This is of extreme impor-
tance especially if the stitching is applied to a
cuble that hasseveral twists or turnsin it. Anvone
who has iried to sew cable with a slip stitch will
appreciate this,

I the cuble is one of the more complex affairs
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in which the many wires are fanned out to various
instruments as i, runs along, it would be hest to
cut the wires somewhat longer than they actually
need bhe and start sewing from one end before
sutting and skinning the other terminals to fit.
in this way the wires can be fanned out as the
position of the various instruments or binding
posts demand  without any necessity of their

Fiiament

ranstv

L Power
Jepor
oy

FIG. 3
A yeniral ddeq of how candudt may be cmpioyed. [t is por-
rendarly wivanboqeons when the porer sicovly s ol o digtanes
Srone the sei, AN sorts of outlet and switch bores sy be abtnined
ai amoxt wuy good electrical snphly hovise, P7pe clips oy e
wzed 1o hiold the condwdl to the wuil, floor — or what hace youd

being doubled back along the ecable or having
part of their length which ¢ould be included in the
vuble run along outside of it.

‘T'he cable is started by bunching two or more
wires together and after the cord is wrapped
around the bundle twice, a square or flat knot is
tied. From there on, stitching is cmployed and
additional wires are taken into the bundle or
fanned out of it as the circumstances may require.
A few experiments will show how simple the job
actually is. So much for cabling!

‘The next step in the right direction is to get
some of the flexible metallic tubing known as
¢ireentield and run the wires in 1t. "This tubing
should, of course, be grounded because the nearer
to ground potential power lines can be brought,
vhe better otf you are.

The best possible method would be to run the
leads in conduit. This used to require a lot of pipe
cutting and threading but, fortunately, there is
now available, 4 line of fittings ealled **Xondu”
that ure attached to the pipe and make good
sontact without the necessity of threading. These
fittings are wmot particularly expensive and the
ouly tools necded are a huck-saw and a wrench.
‘There is an unlimited assortment of tools to
choose from and with the amount of ingenuity
usually possessed by an amateur, a beautiful
finished-looking job can be made.

After the conduit runs are in place they should
be suitably grounded and given a good coat of
black asphaltutn paint which will be dry in au
hour or so, leaving » hard glossy finish.
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By the usc of conduit, we supply ourselves with
2 shiclded power supply line that reduces the fire
hazard to nothing, which is a 1000}, improve-
reent in fooks and which etfectively Lanishes the
uld dangling lead hazard.

Alternating Current Rectification
as Applied to Radio
(Clontinued from page 3¢

advisable to hurn the swme at a slightly reduced
voltage. It is good practice to use a voltage from
547, to 104 below the raied value. Lower vol-
tages may increase the plate resistance nnduly
and cause overheating. f'he practice of nnder-
burning is especially valuable in the case of oxide
coated filaments, such as used in the €1X-2S1.
When burned «f rated voltage these filaments
have such a great total emission that if short.
eircuited even momentarily, they will destroy
themselves. When the filament is underheated,
however, the emission is greatly reduced and
under proper conditions the saturation current
on temporary short circuit is not enough to
damage the tube. Such protective underburning
of the filament. does not materially reduce the
onutput of a tube us a rectifier, but causes the
output wave to be flat-topped az shown in “H”
of Fig. 1. In the case of UTX-281s used on high
voltage cireuits ii is advisable to further protect,
the tubes by the use of a suitable fuse, otherwise
failure of a high-voltage condenser would im-
mediately destroy the tubes. A six-volt dial light
is convenient for this purpose: it will usually light
to normal brillianey when carrying the full output
of a pair of 281s (150-200 ma.) but will burn out
before the current becomes great enough to dam-
age the tubes. A further method of tube pro-
tection by judicious design of the filter ecircuit
will be taken up in the latter section on ** Filters."

The guaranteed life of the TIX-281 rectificr
s 1000 hours, but in actual service it will average
3000 hours at. iull load. The tube was provision-
ally rated at 750 volts a. ¢. and 100 ma. output
eurrent, although the final rating was reduced to
700 volts u. ¢. and 85 ma. output. ‘this means
that with a single tube in a half-wave cireuit
(Fig. 2 Ay, it is possible to obtain 20-100 ma. at
500-700 volts; with two tubes in full wave cir-
enit. (g, 2 C), it is possible to obtain 150200 ma.
wf COO=T50 volts; using two iubes in a voltage-
doubling civenit, (g, 2 D), it is possible to abtain
S0-100 ma. at 900-1400 volts, und using four
tubes in the same circuit (two in parallel in each
feg) 100-200 ma. can be obtained at the sutuc
voltages. .

The voltage which can be applied across a
thermionic valve is limited only by the value at
which jonization of gas aceurs, or areing across
the stem press. In the case of the 216-13, neither

{Continued v paye 211)
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Notes on Distortion in Audio Frequency
Amplifiers

By J. R. Nelson*

HE subject of resistance- and imped-

ance-coupled amplifiers has been treated

quite extensively, One phase of both

resistanee- and impedance-coupled am-
plifiers has been neglected. The stage preceding
ihe power tube is called upon to deliver & large
voltage in ovder to swing the grid of the power
tube because ihere is no step-iip rario in voltage
hetwenn the plate of the amplifier tube and the
grid of the power tube as there is in the case of
a iransformer-coupled eircuit.: More distortion
mav be present in the resistance- or impedance-
coupled amplifier than there will be in the trans-
former-coupled araplifier.

Iixperience has shown that uhout 5¢% of seeond
harmonic voltage is the maximum v«\m‘ that
should be present withoutr a noticeable decrease
in quality. ‘This value is much greater than the
maximum allowable value in some cases of tele-
phone work which is 1710, Although 3¢ scems
a rarher high value, it may easily be exceeded
uniess care is taken in design of the amplificr,

T'he usual method of designing a resistance-
coupled amplifier is to determine how mueh the
low-frequency amplitication may fall off from the
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maximum amplification per stage. The dilferent
stages are usually designed alike so the pereent-
age of the low-frequency amplification to maxi-
murn amplification, designated here by K, is A
to the wth power; i is the wumber of stages, For
example, if the value of A for a single stage is
o0 -, the percentage of low-frequency amplifica-
tion to the maximum amplificaiion of a two-stage
mphhcr is 90 squared, or S14;

"The stage i‘l(‘ulllﬂ! the power ruho is called
upon for a iarge plate swing so that a more logical
micthod of designing the amplifier is to design
this stage so that it will deliver the required
voltage with a minimum of distortion. This re-
quires that its grid will not swing positive. T'he
other stage or stages may he designed so that the
aiiplifier will have the carrect lrequcncv ampli-

# tngincering _Uepanmem. E. €. Cunningham, inc.

fication characteristic. For exampie. assume that
the ampliﬁmtion at fitty exeles of 8 two-stage
(unplmcl is required to he at least %0°; of the
rmaximutn amplification. When the stage preced-
ing the power tube was designed, it was found
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that the above percentage was 85, The ather
stage must have its percentage of low frequency
amplification to maximum at leasr. 30 divided by
S or 44,

This article will develop and discuss the equa-
tion of & resistance-couple amplifier. .\ rethodd
of caleulating the input voltage required to give
any voltage in the grid cireuit of the suceceding
tube will also be given. It will also eall aitention
to the method of iinding the approximaie plate
voltage swing for any input voltage for a resist-
ance-coupled amplifier and how this method may
be modified for the case of impedanece coupling.
A method of finding the per cent of sceond har-
monie voltave {rom direct current readings will
also b )

Fig. I shows the most general case of one stage
M' a resistance-coupled smnplifier. The capacity,

', 18 the platrktn-hlament capacity of the iube
phw the wiring t‘dpdclt\ 1t is the external plate
resistance and rp is the internal plate resistance of
the tube. ¢4 is the coupling capacity. &, is the
ernal grid resistance and i, is the input re-
sistance of the tube. s the input capacity
of the tube und is a function of the tube factors
and impedances. [t may, however, be taken ap-
vroximately as the grid-to-filament capacity, plus
Av.. times the grid-to-plate capacity; where Av.
is the wvoitage winplification of the next stage.
The voltage ¢,, acts as a voltage ueq, in the plate

. vl b eAAssAe € NI
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eircuit where g is the amplifving factor of the
tube. Sulving for Av. we obtain

Ay = gin

€l ql(l_*_.(_'_’)j'-q_(l—{-g'l))
Ch Ca

(0
L
g;n:.’l_
i .
The quantities €/, /(s and (/' are

negligible compared with unity, ', and ¢, und
roay he negleeted. Iiquation 1 then hecomes,
neglecting the above quantities,

ijm. .
Lk 2)

Av, e 1 =
n+a+i [w(,(«‘p A Cyf o e mg/z_]
wlp
When neglecting thie phase angle, the absolute
value of Equation = is

o

Av, = )

TN T
N B "'"';J 2
=g +l..“ Lot Col wC'h g

The real term of Fiquation 2 does not vary with
frequency. The i term, however, varies with
frequeney being uegative at a low frequency,
passes through zero and becomes positive as the
frequency is ioncreased. From LEquation 3 we
can sec that it is necessary to make s large if A

vs ratio of Rp/r
# Ch =340 ’

W
RATIO OF EXTERNAL INOENSNTEE I
FIG.

is to be high and to keep (", and '}, small if the
high-frequency amplification is to be kept up
near the maximum value. The higher wur re-
sistances, the ruore noticeable is the falling off
of amplification ai both high and low frequencies.

We way, however, set a high- and low-fre-
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queney limit to the frequencies desired and make
our amplification the sutne at both of theso
frequencies and ygreater at any frequency in
between, Let «y he two & times the low fre-
gquency and »e be two @ times the high fre-
gueney. Refer to the J rerm of Equation 2. At
wy, this term will have a certain negative value.
If at wy we so design the amplifier that this term
has the same positive value, the absolute value
of Equation & will be the same. Assume rhat
g1 und @2 are fixed. We may then solve for (' to
fulill this condition. Solving for €/, we obtain

b

Equation 3 will have its maximum value when the
j term of kiquation 2 is zero. This will occur when

Harris * solved for the approximate equations
obtained by neglecting (‘, and (/, for the value of
€’ required to obtain any value of K.

A (Y

(s e

it

Where j, is the low frequency considered.

Fig. 2 shows the family of plate-current plate-
voltage curves of the CX-340 tube plotted for
different values of grid voltages. If resistance
eonpling is used, the effective plate voltage is
not the same as the " B’ voltage beeause there is
some drop in the external plate resistor. Fig.
2 is shown for a 180-volt ** B’ supply. Load lines
are drawn in for different values of external plate
vesistors. The intersections of these lines give
the etfective values of plate voltages for the ditfer-
ent. ciurves,

T'he input voltage required for any plate volt-
age swing may be found approximately from
these eurves. For example, ussume u 00, l-megohm
resistor is used. ‘I'he operating point is {27.5
volts with a grid hias of — 1.5 volts. If the plate
voltage swing is 26.3 volts we find that at input
voltage of 1.5 will give this swing, us the differ-
ence hetween (i and B of Fig. 2 is 26.3 volts.
T'o the other side of the bias potential, —:3.0
volts, the swing from B to €' is only 22.9 volts.
"I'he difference between these values is 26.5 minus
229, leaving 2.4 volts. This ditference is quite
jarge and the amount of distortion would be fno
high.

Conditions may be improved by using u larger
value of resistor. If the sawe grid bias is used and
a 0).5-megohm resistor is substituted for the (0.2~
egohm unit, the plate voltage swings, for an

*# Harris Notes on the Design of Rexistance-Cupneity
Coupied Ampliters, Proccedings of the Institute of fadiy
Fnyineers, Decewber, 1926,
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input of 1.5 volts with a negative hias of 1.5 volts,
will be a4 and volts. This iz an unprovemeni.
over the first case und the distortion would be
wuch less, For an undistorted cutput the two
swings should he equal.

hen an impedance is used in the plate cireuit,
the plate-volts plate-current curve becomes a dis-
torted elipse instead of a struight line. {f there is
no distortion, the enrve is a true elipse, It thed.e.
resisiance is small, the operating point or plate
valtage is praciically the s voltage us the w17
voltage,

in Kig. 3, the vnltage amplification is plotted in
ierms of per eent of u against the ratio ol the
ernal resistance or .lmpr:danm‘ to the internal
peststance of the tube. Uhree cases are considered:
first where the external load is & pure resisiance,
ser nrul when it isa pure résctance und third when
itisw e nmbmed resisiunce und reactance, Lor the
E the phuse angles have been neg-
lected. Thpso curves are, however, 4 comparison
of the absolute values of amplification. The curve
for an esternal resistor approaches 100¢: very
slm\'iy.

trom these curves we ean see that no matter
what kind of an external load we have it is possi-
ble to abtain the same absolute value of Av. by
somie external plate resistor. IFor example. if we
have a pure inductive reactance whose value is
2rp, the amplificaiion would be 8095 of ¢, An
cxternal resistor whose value is § would give
the sune absolute value of amplification,

As any plate load can be geplaced with an
equivalent f2,, the curves of Fig. 2 may be used
for impedance coupling also, The rquivaient,
value of ry is found in Fig. 3. The d.c. operating
point is taken as the ~ 1" voltage and a load line
of /¢, is drawn through rhis point. \When an input
voltage isapplied to the grid, the aiternating plate
current will vary between the plate vnhagm for

"+ where £, is the d.e bias and ¢, is the
mpm. volrage.

I'rom the example given above and Fig. 3, it
can be seen 1har a small ratio oi reactance 1o rp is
aquivalent to o much larger raiio I, to . I &
large plate voltage swing is required. above about
10 volts, impedanee coupling should be used in
rhe stage preceding the power vubie 1o keep down
the distortion as the larger 2, is. the Jess is the
idistoriion.

I'he required vealue of « ) for any :_-ivr‘n value of
iay be .alculdted from Equation 2. We will
ume that v, has its maximum value so the J
term 1s zero.

(7

(N)

may be left fixed ar 2 megohms. The value of
ta ise i guation S may be {found from Fig, £
After the value of «,, is caleulated. the distor-
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tion should be checked from Fig,
plate voltage swings from 7
s varied between £, &

When a voltage ¢, is dpphcd to the grid of »
fube with un impedance in its plate cireair, the
alternating current is

» by finding the
s rlw vrid voitage

()

In the above " stands for an admittance and
the subseripts r{enme the order of the admittance.
that is! o, is the admittance for ¢
i we ‘orking the tnube : 1 amplifier on
the nearly tinear portion of the chiaracterisiic
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aurve the first two terms will represent the plate
anrrent to x good approximation,
Let the input voltage be

eo= 4 osin 1t {10)
where 4 is ihe peak value.
o= A (i)
Equation 9 becomes:
e Fdaen A5 amand® j2)

Where denoted the admittance fur the
zecond harmonic and am.;, the udmittance for the
direet current.
When the
found to be

are evaluated the values are
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A New Low-Power Screen-Grid
Transmitting Tube

By O. W. Pike and E. E. Spitzer™

HE UX-8G5 is a four-eicment tube of

the sereen-grid tvpe designed primarily

for use as a power amplifier in trans-

mitiing circuits. Under this condition,
it has a nominal output rating of 7.5 waits and is
especially adapted for use on the higher frequen-
vies. The tube is also very useful as a crystal os-
villator.

The clectrode structure of the tube is built as
single unit, entirely supported from the hottom.
"The filament is of thoriated tungsten in the shape
of a double helix supported from a center rod and
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requiring no tension springs. \ll electrodes are
evlindrical. ‘The screen grid consists of & close
mesh or winding mounted on side rods extending
from a stem collar, and this forms the main sup-
porting structure of the tube, The plate is sus-
pended from this structure by glass beads, 1t has
four fins for heat dissipation.

I'he function of the sereen grid is to provide an
clectrostatic shield between the plate and the von-
trol grid. I'he voltage of the screen grid is held
eonstant. aud variations in voltage of the plate
have practically no effect on the control grid or on

# jdnth of Resrarch Luboratory.

mhemu'dv t\ Y

Cieneral Fleetrie Co.,

the electrostatic ficld at the filament. Therefore,
there can be prac.ticallv no feedback through the
tube from the plate circuit. In radio-frequency
amplifier cireuits this eliminates the necessity for
neutralization to prevent feedback and oscilla-
tion,

‘The bulb is mounted in a “#1IX" baze. The
plate lead is brought out through a cap on top of
the bulb iustead of through the plate pin in the
base; the latter serves as the sereen-grid terminal.
‘The control grid and ﬁlament are brought out
through the usual ' hase pins.

THECHNICAL DATA

The technical information on the TX-8S65,
uscful to the amateur, may be sumimarized as fol-
lows:

Main use .. ..Oscillator or r.f. power amplifier

Number of electrodes. ... ........... 4
Filament:
Volts, .. ... e 7.5
Amperes. ... .20
Type. 'l horlated T ungsten

\veragt - harar*tormnr- .xlnm valvulatod at:

lv —!’late voltagc
¢, = Clontrol-grid voltage.

E screen voltage.

] Filament voltage.

Plate current.. . .. ......... 021 ampere
Amplification factor. ....... 150

200.000 ohms
750 microhms
;;\pproxlmate d]rect mter(legtrodc:

Capacities (I.R.F.)

Plate to grid ifilament and sereen grounded)
05 wuld.

l—’lato re\istaunc ............

Cirid to filament and screen .. .., 10, wufd.
Plate io filament and screen. . ... 7.5 upfd.
Maximum overall dimensions:
Length. ... o o s BT
Diaweter. ... .o o RN T
Rase type........coovinn. .o X and cap
!'»p(‘ of cooling. ... . ... e AN
Oseillator aud ri. power dmphhor
Maximutn operating plate volts:
Modulated de.. oo 0o oo oo 500
Unmodulated d.e. . 500
H.COHLS) 200
Maximutn (i ¢ plate (ummt Alllp(‘r(‘~ 060

Maximum plate-dissipation watts. . |
Maximum screen-dissipation watts., 3

s
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Mominal screen-grid volts. .. .. .. ..

Aprin, 1929

Negative control-grid bias ecun he nhtained from

Alaximum r.f. Grid Amperes. ... .. baiteries or a gridleak and should have a value of
£r= 000, about 75 volts, ‘T'his value is not eriticul and ean

Operation ai. Normals
e Lf—t rl
<)mputwatts=,....,...

be varied to suit individual conditions. However,
.5 the nge of less than 75 vnlfq bias results in lower
efficiencv. A ;ﬁrldloai\ of 10,000 ohms will give

ST

When using the iube ux an oseillator or radio-
irecuency amplifier. the plate dissipation should
never exceed 15 watts, which produces no color
an the plate, Regardless of the actual value of in-

put and ontput, the othiciency
should alwavs be sufficient o
{imit the plate Jissipation, that is,
the difference between tnput and
vutput, ©o this figure. The d.e.
plate current should be held be-
fow 60 milliamperes. Withont ex-
ceeding the dissipation or plate
limits, it is possible by careful
cirenit adjustmeni. to obtain an
output of 10 warts of useful power
al. {requencies up 0. and in-
cluding, the £4,000-ke. amateur
band. The 7.0-wart output figure
is, therefore, cunscrvative, ‘L'he
maximum plate veltage for mod-
ilated or non-modulated oscilla-
tor or r.f. power-amplifier service
is 500 volts. If, for this serviee, a
f-rectifving eircuiv is used, the
value of a.¢. plate voltage should
never excead 300 volts effecilve,
The sereen voltage of approx-
imatelv ouc-fourth the plate
voitage may he ohtained from a
seputaie source or from the plate
zupply through a series resistance
of upproximately 20,000 ohms,
‘Ihe latter, or resistance method,
is most desirable us it automat-
ically maintains a proper screen-
grid eurrent. \Vith rhe resisis
nicthod the filament eircuit shouid
not he opened with the plate volt-
e on, as this will place full plate
oltage on the sereen. With po-
icntiometer or & separate source
of sereen voltage, the sereen volt-
age should not be applied without
the plate voltage, The screen
need never dissipate tuch energy
jor proper functioning and no
portion of it should be allowed to
attain & Temperature of more
than # cherry red eolar. In all
caxes the external impedance he-
tween the sereen and filament
terminals must be kept as low us
possible by the use of r.i. hy-pass

condensers. In any case, the sereen dissipation  and,

approximately 75 volts bias. This requires a doe,

erid current of 7.4 milliamperes. 1f less
is available,
used, ‘The d.c. g
eond indication of the amount of excitation. Grid

THE U/X-565 SCREEN-GRID
TI/BE

Though the
s :.,I,( be

n wund,
wlamp that enci

must never exceed 3 watts at any time.

.. I’u’

,L,,Iw af Mp
wlml wath

oecasionally, for special re

Pxeitation
high-resistance gridleak can bw
rid eurrent, incidentally, is a very

currents between 5 and 10 milli-
amperes are sufficient to excite
the Tube to full output.

If the TIN-%65 is used as a
straight amplifier /no {requency
mnltiplication), the plate sud
grid eircuits should be adequately
shielded from each other to veduce
any external coupling which may
sel the tube into oseillation.
When the rtube is properly
xeited and shiclded, it is ex-
cellently suited for driving the
next larzebt sereen-grid tube, the
[ ), or the ¢orresponding
rhree-Plemcnt tube, the UX

When using the UIX.-865 as a
erystal oscillator, additional feed-
back external to the tube is gen-
crallyv necessary on account of
the low grid-plate capacity. This
is best accomplished by means of
# small variable condenser con-
nected from plate to control grid.
About 10 g fdd. maximaum is sufli-
cient in the 1750- and 3500-ke.
amatcur bands. It is best to con-
nect a blocking condenser, which
iz insulated for the peak plate
voltage, in series with the variable
condenser, that there is no
danger of making a direct metallie
sonnection between the grid and
plare. By means of this feedback
condenser, it is possible to adjust
the foad on the crystal very
nicely and the danger of eracking
the e¢rystal by overloading is
greatly lessened.

CHARACTERISTIC CURVES

I'he characieristic ecurves for
the UUN-563 which are shown here
are inciuded for the purpose of
supplementing the information
given in the preceding deseription
of the tube.

When the tube is used as a
radio-frequency power amplifier
SONS, as AN

sseillator, the grid- and plate-voltage swings are
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much larger than it is possible to show on a
static characteristic  eurve. Therefore, these
curves serve only to illustrate the peculiarities
of sereen-grid tubes in comparison with three-
electrode tubes. In practice, the action of the
LX-865 in power ecircuits is not greatly differ-
ent from that of similar three-element tubes
exeepting for the elimination of the feedback
capacity.

Iig. | shows values of plate eurrent and sereen
current plotted against plate voltage for several

osT 15

Fquation 13 is the usual amplifier cquation aud
will not he discussed here. £ is a function of
internal aud external impedances and the varia-
tions of the tube factors with input voltages. it
will not be necessary to nsce the values of £ for our
purpose, o it will not be given here.

The plate current of frequency 2{/24 is given
by a4 I we mudtiply this by o Zuen,
we obtain the second harmonie veltage intro-
duced in the plate eircuit. This voltage is

16)

&y
2‘: } 73 el&' } similarly we find the direct current
E |l Sratic|onaR) s7ycd voltage is
3 174 5
;34, E"alzsuz;o . Eiony = #A* 17
é) — Ep e As the sccond harmonic voltage ix
3 = cqual to the direct current voltage, we
g P may find the second harmonic voltage
ot . L by finding E ¢ introeduced in the plate
N —— e cireuit. ‘To do so it is only necessary to
N Va i apply a voltage, .1 sin {t. to the grid and
% E_ | et £ 10 note the change in dircet current. ‘The
5w P e — .. voltage introduced in the plate
§ I o e — eireuit s then 7‘p+1{'. where 72 i the
4 “Jed=50 (l.c. resistance of the plate load, times
A PLATE[ CYRFEN the change in direct current. .
T {SEREEN QURREN
o 200 400 o 1200

600 80
PLATE VOLTAGE

control-grid voltages and at a screen-grid voltage
of 125, At the lower plate voltages, the plate cur-
rent becomes very low duc to secondary clectron
emission from the plate. The serecn then draws
elecirons from both plate and filament, resulting
in a screen current peak. As the plate voltage in-
creases (with constant screen voltage) the plate
current rises rapidly to its normal value while the
en current drops to a low value which in some
ases becomes slightly negative due to seeond-
ary emission from the sereen-grid. At its normal
value, the plate current is practically constant
although there is a slight increase because of im-
perfeetions in the sereening as well as due to the
secondary emission current drawn from thesereen.
fn general, the slope of the plate-current curve in
this region may be taken as # measure of the
sereening qualities of the tube.

Fig. ¢ gives plate current and screen current.
plotted against grid voltage for three values of
sereen voltage and at the normal plate voltage.
From these curves the mutnal conductance may
be caleulated as with three-element tubes,

WNotes on Distortion in Audio
Frequency Amplifiers
(Continned from puge ;i
Where the subscripts for Z, the cxternal imped-
ance, have the same significance as they havefor a.

The voltage of frequeney /27 is pd
and the second harmonic voltage is
equal to the d.c. voltage. The per cent distortion
is then

1
2

.. distortion =~ fl X 100, {1R)

nd

In lonking for a suitable fortm on which to wind
a mood radio frequency choke W7TLT came across
the stand of an old ** Kellogg ™ telephone. [t was
rmade of hard rubber. was 111’ by 414" and held
125 turns of 26 gauge d.c.c. wire, "U'he resulting
choke proved thoroughly satisfactory.

“Hey YL, QRA?"

“¥a OM QRJ."

“Aw cum on LG QRD?”

“8ay OM QRX or you'll wish you could QTA.™

“(lum on he a sport QLU

“You're gonna have ro QRS! QRZ?”

“ First vou'll have to tell me ()I'S?”

“Well OM if you must know your Q1T is too
high, besides I'M QRL anyhow."”

“Well QRY?”

“It's not a matter of QRM OM QRI so please
ORT hefore I 808 and somebody gets QSR.
QN2

“You don't have to QSH YL I'll QRP.”

““““ Bd Mace, ¢ WHELL,
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Calibrating the Heterodyne Frequency Meter
or Monitor

By George Grammer*

" months ago there was a message In
ST from O, P, M. If T were asked,
“W hat, is the hig outstanding problem
in amateur radio today?' my answer
wid he, ‘frequency preeision!’”” Listen in a bit,
sspecially on the old <10 and “20°" bands, and
then see whether vou think the chief was very far
WTONE.

Nauturaily, there must be s period of readjust-
ment. to 1929 conditions, but in view of the
hammering in ()SY" on that subject, the only
fusion to he reached is that we were all so busy
huilding those new transmitters and reccivers that
we negiccted the frequency meters.,

The objeci. of this article is not to present
anuther brass pounder's idea of how to build a
frecuency meier, but to point out & few |doa\ on
ting the most out of a good one and to sei forth
simpie and convenient method of obiaining and
keeping thai very desirable accuracy of eulibra-
tion which amateurs regard as practical perfec-
von in frequency preeision.

But. first of all, let’s see what we want, our fre-
quency meter to do. We're alwayvs being asked,
“ORG?”, but can we give the other fellow his fre-
guency qulck]v and accurately? \Vell, most of us
have to reach jor the old coil-and-condenser
meter, [ift the lid on our receiver, jam the meter
in among the “works,” and then come up for air
i0 read it. Chances are, if we held the meter an
h farther from ihe tuning coil the reading
uid have becn different. Maybe the nexi day
e working on a different band and we get the
;e request. \We have to take one coil out, put
ihotherin, and go through the sane process again.
Mavbe we missed a point. or two on that eoil when
WOXL was transmitting six months ago, and be-
zides, the meier was dropped a few times since,

What do we wani? Why, & meter that we don’t
fmve 10 move when we want to take a reading;
one that doesn’ic reguire us to shift coils when we
o from ane band to another; one that we can
alibrate once and use for zll bands: and above
all, one ou which we can get w really accurate
ling. "t'he answer is simple — a vacuum tube
ascillator or heterodyne frequency meter,

Although theoretically, we could use the satne
ascillator for all the frequency bands assigned to
armateurs, practically, we are limited to three.
v well, let’s make it cover the three most
pn)pular hands. .J.J()() 7000, and 14,000 ke. In a

Sudubon, N. J.

*W3ALH, 56 Lemral Av»’nue, A

pinch perhaps we eun use it on 2% me.. but we
won’t worry about the fcllows on 1hat band —
they cun iake care of themselves or they wouldn’t
he down there,

All right, let's go. We'll huild the nscillator to
cover the 3500-ke. band with a little overlap at.
ihe ends. When we're working on this band we

Inlmq tube )/m Fes w!uT In/\r— their 1,(“(,,,
ttage which ivight s

/ul
ihe jres

quency of the @it to xheyt,

use the fundamental frequency of ihe oscillator;
on the 7000-ke. band, the second harmonice and
on the 14,000-ke. band, the iourth harmonic. We
find we can pick up the fourth harmonie in our re-
ceiver with adequate strength and if we listen
elosely on 28 me. we can probably pick up the
weunk eighth harmonic.

There's heen so much good dope in €2ST in ihe
past year an how to go about building such an
sseillator-frequency meter ihat it would be super-
fluous to give any consiruciional data herve®
\We'll need a pair of phones in the plate cireuit,
and if we don’t want to leave them there perma-
nently we'll have to pui in a 2000-0hm resistor to
sub for them. The jack arrangement shown in Fig,
I will take care of this automatically, the resist-
ance being cut ouf when the phones are plugged
in, 2214 volis arc plenty for the plate of a 201-A,
T'he same filament. battery may be uscd for both
receiver and frequency meter and will usually fur-
nish sufficienc rouph’ng between them. O course,
we'll want a vernier dial thai can be read a
curately. ]nmdentd.llv let’s put that dial on the
condenser so thai. when the plates are all out the
dial will read 100, Then we'll have a scale which
will increase as the trequpucv inereases, making it
fois easier for us to think in kiloeycles.

Now we have our **1929” frequency meter, but
we have to calibrate it before it will be much good
to us. Where are our “standard” frecjuencies io
come from? 'To he sure, WYXL broadeasts them,
frut the next transimission is ten days off, and any-

1928, and page 9 of the
Eprror,

ce page 9 of the Ang
October, 1 . issues of (LS
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how that’s our night with the Y L. Well, there are
lots of comtnercial stations above and below our
bands but we don’t have an up-to-date list of
their frequencies,* and besides we want to get our
points inside the amateur bands. Guess the only
thing we can do is to go up to the broadeast spec-
trum. Old stutf, no doubt, but let's do it correctly.,

We need an u»ullatmg receiver ou the broud-
cast baud from which we can pick up harmonices
on our new frequeney meter. We hear a loud
eroan from the chap in the background. My
B.C.L. set Is downstairs in the living roow and
besides it doesn’t oscillate.”

Take a look at Fig. 2. Then dig that discarded
¢ i-circuit tuner™ out of the junk box, together
with an old socket and a variable condenser. ‘Uhe
fixed condensers and leak will be found in the
junk, too. Run the filament and plate wires as
shown, to «n old tube hase. Put a clip on the end
of a long lead from the aerial conuection on the
tuner.

Now we're ready to sturt to work. We take the
ifetecror tube out of our receiver and plug in the
“adapter,” putting the t(ube in the latter. Then
we put the clip on our antenna lead-in. Don't
hother about « ground if one isn’t already cou-
neeted through the filament. We plug the phones
into our receiver and hear some music. ¥FB! it
works!

Now let's look at the table. Maybe the siations
shown under the various frequencies don't come
through so well at your Jocation. 1f not, put in
those that do. Starting at the rop, we tune in
WTAG, 580 ke. Making our adapter oscillate ay
atrongly as possible, we adjust to get zero beat on
WTAG.} The oscillations must be strong enough
=0 the sixth harmonic can readily be heard in the
frequency meter. ‘Then we listen around the low-
frequency end of the band on our frequency meter,
find the harmonice, und adjust to zero beat with it.
Now we jot down that dial reading as 3480 ke.
Mome sort of switching arrangement will be ean-
venient to transfer the phone from one set to the
other. Kow we go back to the broadeast adapter.
The next station is WEEL 590 ke. We tunc a little
helow WTAG and hear a station, but we don't
know whether it’s WEEI or not, und it's probubly
too weuak to cateh the announcement. However.
we don’t worry, because this station, being next
below WTAG, must be on 590 ke., g0 we proceed
ax before and jot down the point for 2340ke. We )
down the band in this way, listening fo unnounce-

Those who wmay be interested i the high frequency
assignments will ind o complete list of channeis ahove
1500 ke. and the sintions to whom they are assigned in the
Novewber, 1428, issue of the Proceedings of the institute
of Radio ingine C'optes inay be obtained from the In-
stitute, 33 West J9th Rtreet, New York ity for $1.00
vich, - FoeTor,

i The musie will be chewed up for ull but the point of
zero beul ut which setting it will be guod unless the ire-
gueney of the transmitter and receiver do not hold in atep,
The higher uudio frequencies will be clipped, however.
—= [LDITOR.
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ments from some stutions and *predicting ™ the
others. We must be caretul on our “predictions "
to be surec we don’t skip over some frequencies
and throw ourselves out, but this will not happen

sth Harmonie  oth Harmonie
Station. A, Station fe.

""" TWTAG 580

Culibration 5th Hormonic
Froqieney ke, Stiaton (oo

WIS 870

WILW 700
WERAN 830
WTEL 500
WOR 710
WJIAR R90
WMAK 000 WGYN 720
Canada 210

WCAO 600

CNRM 730
WwWipP 410
WWI o a2
WSR 740
WIBG 230 WDAE 820
WIR 730
WOSI 40
WOos 630
WRC 950
CRGW 950

WAZ 760

WAIU 640
. WRBBN 770
SRR0.L L
.N()ﬂ,

WCFL 7o

WALC 0 WS 850
KDKA 980
; - WGY ™o
Bo60. . .. WRZ w00

4000, 0 WO 1o
4020, . ...

WEAF 660
WAL 00

WDMAQ 670

it a little judgment is exercised. If our broadcast
adapter is off by [ channel (10 ke.}. the error will
be multiplied by the number of times the harmonie
frequency is greater than the fundamental. Thus
the error will amount to between 40 and 60 ke.
under these conditions and will be readily de-
tected. On some frequencies, for instance 3600 ke.,
we can check the different harmonies against euch
other. When we have all the points we can get, we
plot them on eross-section paper and find that if
we have worked carefully the line of points will be
surprisingly uuiform. A smooth curve will iron
out the “wild” anes,

Now just what degree of precision can we ex-
pect from this method? Probably many broad-
custers ure not keeping on their frequencies as
rhey shonld, but there is no doubt that those sta-
tions ou frequencies from 550 to 1000 ke, are being
checked pretty closeiy by the Department of
Commerce, since they are on the ** preferred ™ fre-
queneies, and in many cases have exclusive us-
signtnents. Broadeasters are vequired to keep
within 500 cueles of their assigned frequency and
at 550 ke, this represents a maximum cerror of
09, while at 1000 ke. it is only 05475, Surely
this is good cnough for us, 1f we have done our
calibrating with reasonable care we can be sure
that our percentage error will not be more than
{10 of 1ty which means & reading within 3.5
ke, on 3500; 7 ke, on 7000 and 14 ke, on 14,000.
It may even be less, as small inaccuracies in the
fundamental frequencies will average themselves
out i as muny poiuts as possible are obtained. .\s

S Curdinued on padge 01
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The Disc Condenser

By Milton A. Ausman *

[T ¢ost of condensers has at times

forined prohibitions in the wuy of con-

structing refliable transmitters and it is

- iny purpose to bring out (not originally,

however, but more io general use) a cheap, sim-
ple, and cthicient condenser of the dise type,

80003

SIDE_VIEW OF DISK CONDENSER

The breakdown voltage of this condenser is
relatively high und depends upon the zpacing
between plates, the radius of the edges, (.., the

T

/D]

0 #

>

OREDR IR COLTS

T by raes

y di m,,,-}p;‘

greaier the radius of the edges the higher will be
the brpai\d()wn voltage, this heing particularly

rnnl Radio ‘iube Company, 342—i8th

Sureel, Sun Franecisco, Cal.

nttenuated st the higher lraquenr‘ esi und the
equcney of ihe voltage L FPhe rolled or
foinded edges have he ¢ifeet oi reducing corona
which in irself emnses jonization and results in
sondenser break-down.,
Yoeurve is given showing the spprosimare
breakdown voitage at 60 eycles but it must e
uuderst oo al Jeast twice this spacing musi
be used at radio frequencies and for the very high
{requencies, further increase in the spacing
should be made. The curve ?.iven is
{rom the formulas of 1AW, SRS SRS
“!\'Hﬁ in s ’m[vel’ 't(‘hV(‘l't‘lx l’iP are the New VSJI" <
Flecirical Society, {ietober M, 1923,
A curve ix given for the capucitance of dise
condensers of various Jise diameters as caleulated
from the formula:

'ho cupyeity in mierofarads
the dielectric constant 11 in this casc
for air)
d== ayen in square inches
= distance hetween the plates in inches,
There is no use of making either the deviee or
its description eamplicated. The drawing shows

where:

the details of irs construetion zud its s
veadily be varied to suit one’s needs.

I‘or those who are not mathematically inelined
the simple rule may be given thai if we wish to
double the cupacity must. double the plate
area or half the distance beiween the plates, If we
wish to double the hreakdown voltage we must

(Coniinnesd nn poge S

"oean
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A Simple Home-Made Meter

By Stanton Chapman *

00D cleetrieal meters ure always worth

their price, but frequently the exper-

imenter cannot have all the meters he

wonld like. Most types of meters are

two iricky 4 job o he attempted at home, but
the “hot wire™” type is simple, and a good one

cun be made out of odds and ends found around
in the average workshop. Iot-wirc meters have
very

disudvantages. ‘They  are not seeurate,

Bend endoited liies

¥

1 O O 3%'
3

» An

foo]

particularly ac the lower end of the seale, unless
made with the greaiest care and preeision. They
are casily burned out on wn overload, and they
must he carrected for varintions of temperature.
Nevertheless, they have two outstanding ad-
vantages for the experimenter; they will measure
alternating current and direet current equally
welly, and they will indicuie rudio frequency
eurrents with fair accuracy.

The firsi meter attempted should he of o fair
size, A standard four-inch alarm  elock will
provide a nice gle
roomn for the “works,

A dise of radio pancl material or hard wood,
ix eut to fit the clock case and mukes a base

-ironted case with plenty of

board  apon which {0 mount the movement.
=N sy | s
1,
Sprin
pring &
[} e
' -

FIG. 2

I wood is used v must be boiled in wax, ‘This
improves its insulating qualities and  prevents
shrinkage and expansion due to weather changes.

Twa brackets are cat and filed from 1/16"
sheet brass. (See Fig, 1.0 Bracket “A” is just a
simple angle. Pracket “B” has a tongue that
is hent to jorm & spring te put tension on the
wire and 1o provide the zero adjustment. The

# W4LD, Box 175, Sewunee, Teuuessee.

right-hand end of this bracket is doubled on itself
to ke more thickness for the thread of the
ndjusting screw. Fhis serew should have a fine
thread and must be long enough to project
throngh the side of the case. If fine thread tups
are not uvailable, & nut may be soldered to the
birucket  instead of threading ihe hole, ‘The
hrackets are fastened to the base by two 6-32
bolts. One holt in each bracket sticks out i the
hack and these are the terminals of the meter,
The spindle for the pointer movement is part
of the clock works. (Nori: A defunet dollar watch
will wiso provide a spindle and bearings.) Cut
away most of the bhrass frame that supports the
wheels, leaving ouly enough to carry the balanee
wheel and its bearings. (See Fig, 2.) The bair
spring is discarded ax it will not be used. The
pointer cun be # piece of very thin stifl wire, but
a earefully selected broom straw makes a very
good one, It ean be fastened to the balanee
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FIG. 3

wheels with thread or sesling wux. A knob of
wax on the lower ead of the pointer will batanee it.,

A =mall spring s made from thin brass wire,
(Fig. 2¢.) The little spring on an auto iire valve
e be straightened out and re-hent. to the shupe
of the sketeh.

The purts wre assembled on the base, and two
smedl wooden blocks ure serewed in the position
shown in Fig. 3. The eard seale i fixed to these
by small serews. And now all that is needed to
finish the meter is u bit of silk thread and the
“hot wire.”

The size of the wire used will determine the
range of the meter. Naturally, the smaller the
wire, the more sensitive the weter, Small resist-
ance wire can he purchased but escellent wire
may be found in » burned-ont pocket B-baitery
tester. Mosit of ihe inexpensive voltmeters that
read to 50 volts or more are wound with two
eoils, one on top of the other. The inner winding
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i copper wire, und the outer oue resistance wire,
wstally about No, 40, slightly over three ihou-
gundrhs of an ineh in diameter,
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CALIBRATION BY STANDARD AMMETER
FIG 4

About two inches of this swire is zoldered
between the brackets, and the silk thread ix
attached to its center by a smoll wire hook.
The zilk is given one furn around the balanee
hecel spindle, then w loop s tied and hoaked
over the teasion spring, "the adjustmeni of this
spring is important, There should be o slight sng
i fhe wire when i1 is cold, and the tension spring
should just take up the slaek when it is hot ta
ve n full cende rending, After o few trinls ihis
veasily be found.
of wire the poinier should hegin
abour 100 millinnperes and give
wnt H0 millimperes,
osx the terminals i will

adjustment

With this siw
tn indicate ai
wofollsende reading of

With u d~ohm shnt w
vod irom abont 3 1o L5 amperes, (This makes
saad antenna meter for o low<power radio

Ja-ohm shon it will read
valtmeter, it will indicate
mmn volrs, and with an 8- ta 10-0han rheostad
cordes will read 6 volts full seqde, This type of
voltmeter must not be {eft iu ihe circulr,
rakes too ouech eurrent —— (.25 wmperes at G vaolts,

if o plate millinmmeter for au amateur radio
transmitier is desired, sianller wire must he used,

transmitter,y With o 1
1up tn 5] .u“pu' =,

4
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CALIBRATION BY 199 TUBES
FIG.5

Wire two thousandihs of an inech
diameter will give a reading {rom wbout
250 milliamperes; wire 0015 inch in diameter
will work from about #0 to 150 milliamperes,
The writer has o home-made meter in use with
0125 diameter wire thar reads from 20 to 123
milliamperes.

ft must he noticed that the above indicared
seale readings are only approximate, and wide
sartution from these calues may be found in
SOme e This is because many faciors vontrol
the acrual seale defleetion obtained — the tension
of the spring, the iriciion of the bearings, the
weight of the poinrer, und most important of all,
the length and temperature coefficient of the
wire, However, aiter having obhtained soie wire,
1w few experitments will soon show what it will do.

Aprrin, 1920

1 the wire is tao Iavge it mav casityv he redueed
in diameter by eareful grinding hetween ui ojl-
stone andd a bit of plate glass, using kerosene as
a lubrieant, A dittle fine craery powder will speed
things up. The 003 wire veferred to above can
be redueed to 00135 in about ten minutes ofter
a littie practice, .\ taehinist's mierometer should
be borrowed io test the diameter.

The meter shonld, of course. be ealibraied v
virenit with a siandard meter snd o veiable
resistanes < shown in Fig, 4, bui if no standard
s aviilable, rough seale points 1 he abtained.
for a milllammerer, by vonnecting the meier in
the A-batrery lead of o radio v w, asing 1400
or N inbes, (Moo Fie, Joi O thbe (akes G0
millinmperes, two tnbes ke 120 willanperes —
and sa on, [igher readings can he obtained from
201-A fubes, which takce 250 milliamperes, o
aanperes each.

[n conelnsion, note thar «
i e, for even n slight
and give i low readine,

. v X atgh
—MaStrays'p
That Silver Cup
Did you read page 37 of vhe DMareh
vou did, and have failed o send in voir sta-
tion Fiption, you aee negleeting a chanee to
pain one of the kuwels of Amateur Radio—or else
hamed of vour station. o it nowt
i last month that we svoudd publish o
picture of the cup in this msee. Unfortunately
we were unable (0 get it in thime bur will prine it
next monih.

Lot wire tmeter masi
drait will eaol the

issue”

QST i3 fully indexed — - evory f2xue. iy soon as
published — in a 2t of cards. These curds hring
to vour finger tips any article on auy subjeetr in
Q8T or in any one of 1700 other journals in all
languuges, Uhis is the Fngineering Index Service.
instituted in Janonary, 1025 which is to be found
in the Public Libraries of Newark, Cleveland.
Bridgeport, Baltimore, and the John Crerar
Library, Uumgu

Alternating Current Rectification
CCantinued from petye Hind

of these types of faiture oceurs until well above
the rated voltage. The 251, however, is more likely
to contain gag and excessive voltages must be
avoided, Even when operating within the normal
range u slight blue glow between the filament
and plate shows that some jonization is oceurring.

The etticiency of the 231 tube when working at
full load is of the order of 65, and the overall
efficienes of the reciitier planrt, including trans-
former and filter losses, should be 3577, with a
voltage “regulation™ an the output of the filter
cireuit of not more thao 1.5 volts per itliampere
change in load.

{0 be cunclidedy
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The Resonance Effect of Receiving Antennas

By Chauncey Coston *

NE of the most annoving effects a set
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