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The low internal-capacity 75 watt tube so popular
among amateurs.

Filameut Voltage 10 Volts
Filameat Current  3.25
Amperes

Amplification Factor 12
Oscillator or RF Power
Amplifier

Max. Operating Plate Voltage
Modulated DC Plate

Volts 2000
Non-modulated DC Plate
Volts 3000

AC Plate Volts (RMS) 3000
Max. DC Plate Cuarrent

(Milliamp's) 100
Max. Plate Dissipation
{Watts) 100

OR more than two years now, amateurs have

been using Radiotron UX-852 in their high
frequency transmitters. Its stable and reliable
performance at 15,000 kilocycles (20 meters) is
now a matter of record.

At the still higher frequencies of 30,000 to 50,000
kilocycles, amateurs will find Radiotron UX-852
entirely practical. It has even been made to oscil-
late at more than 340,000 kilocycles—léth of a
meter—in the designing laboratories.

If your dealer cannot supply you, the RCA Dis-
trict Office nearest you will be glad to send you
Radiotron UX-852 prepaid, on receipt of money
order and call letters of your station.

List Price . . . . . . . . . . . $3250

RADIOTRON DIVISION

RADIO-VICTOR CORPORATION OF AMERICA

New York—261 Fifth Avenue

San Francisco—235 Montgomery Street
Chicago—100 West Monroe Street

Atlanta—101 Marietta Street
Dallas—Santa Fe Building
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The pattern 108 includes the
1o set analyzer in a iargﬂ
~ith drawer and com.
fartments for tools and
replacement tubes,

List Frice Patiern 108 - 311006
Dealers’ Price$82.50

‘Theimproved Pattern 19915
still the leader in the popular
priced sct analyzer field. It
screen grid sets, and
v other require-
ment. The two hige instru-
ments are of highest quality,
and assure accuracy of service
that is 2 sure foundation
for profitable scrvice wurk,

Lt Price Paitern 190 - $97.50
Dealers’Price$73.12

radio jobbers
everywhere

SetAnalyzer

Jor Expert

ervicemen

A.AIN Jewell takes the lead with a Set Analvzer
that accurately meets scrvice needs, In the
Jewell Pattern 409 the dreams of expert radio service-
men are realized. "This remarkable instrument gives
filament, grid, and plate voltages. as well as plate
current, simultaneously.

Two of the four 3% inch face Jewell Instruments
read plate voltage and current continuously. Fressing
the A. €. and grid voltmeter buttons gives the
remaining values of the stage under test tor instant
comparison and analysis.

A Complete Portable Laboratory
The Jewell Pattern 409 tests all receivers — including
those ¢quipped with the new screen grid tubes — A
and B eliminators, tubes, batteries, circuits, grid,
plate, and cathode voltages, plate current, chargers,
and line voltages. Comes equipped with test leads,
adapters, a pad of Jewell Sct Analysis Charts, and
“Jewell Instructions for Servicing Radio Receivers.”

Commands Confidence of Servicemen

The professional appearance of the Pattern 409
commands the confidence of radio set owners. The
3% inch face Jewell Instruments in bakelite cases, the
engraved bakelite panel, push button switches, com-
bined with the excellent finish and workmanship of
this instrument, instil confidence in servicemen.

The Patterngo8includes the 4ogin large case withdrawer
and compartments for tools and replacement tubes.

fat Price F

s goq - Si2ns0  Faw Price Duicern god $127.50

Dealers’ Price - $91.88  Dealers’ Price - $103.13

Sold by

ewell Electrical Instrument Company
1630 W alnut Street, Chicago, lllinois
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FOR FIFTEEN YEARS

the General Radio Company has been
manufacturing instruments for the am-
ateur which have made a reputation
for sound design, quality, and relia-
bility. Among these are

Frequency Meters
Quartz Plates for
Piezo-Electric Oscillators
Audio Amplifier Transformers
Power-Supply Transformers
Variable Air Condensers (for
work on short waves)

New items are under development.
Send for Bulletin 931-R and ask to re-
ceive future announcements as they ap-
pear in the General Radio Experimenter

GENERAL RADIO COMPANY

30 STATE STREET 274 BRANNAN STREET
CAMBRIDGE, MASSACHUSETTS SAN FRANCISCO, CALIFORNIA
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EDITORIALS

our columns this month an article explaining

the * Volunteer Communication Naval Re-
serve - Class V-3," the naval radio reserve so
largely made up of amateurs. We commend this
subject most eurnestly to the attention of our
racmbers. In time of mobilization the Navy has
urgent need for a great number of radio operatars
and communications people in general. 1t looks
largely to the ranks of the amateur to fill this
need.

Both the Army and the Navy have as their
chief reason for encouraging and protecting
amateur radio the basic fact that amateur radio
is a vast training school for the production of
skilled radio operators. Let us look for a moment
at this question of national defense. We all hope
that it will be « long, long time until there is
another war. Neverthcless such things do happen
and it 18 silly to believe that therc will never be
another one. Modern science will make the next
war terrible beyond description. The best known
safeguard against these horrors, the most valua-
ble undertaking to stave off such a fatal day, is
adequate national defense. Americans do not
acquire military training for the purpose of
waping wars of aggression; they do it for the
purpose of being so adequately prepared that
ather folks will think better of the idea of starting
sotnething. There's another angle, too: we amu-
teurs know that if another national emergency
comes, war or anything else, all of us will be in it,
whether we like the idea or not. In such event. it is
infinitely preferable to have made our individual
arrangements in advance for @ line of work we
know suomething about, where benefit can be had
from such talents as we possess, and where our
skill will give us opportunity for preferment.

1t scems to us, then, that such appeals from our
Ciovernment should have the serious considera-
tion of every uble-bodied amateur. It is our
patriotic duty to make our peculiar talents

l I’ is both a privilege and a duty to present in

available to the Government; it is but comumon
seuse to be arranging leisurcly for a good berth if
ever we must sec service again; and in the meun-
time there is much profitable and pleasurable
oxperience Lo he gained from such an association
in the instruction, the drills, and the cruises of the
Naval Reserve. '

‘The false impression is current in many quar-
ters of the amateur world that the Army-Amateur
Radio System and the Naval CCommunications
Reserve are competing for the favor of the ama-
teur. It is not true; there is no conflict. The
Army-Amateur System is a great emergency
peace-time organization designed for the prompt
placing of relief information where it will be of
value. 1t has no concern with war service and it
doex not involve enlistment. The Army hopes, no
doubt, that participation in its work will make
amateurs Army-minded and desirous of choosing
the Army for service in event of mobilization; but
the Army at this time has no enlisted communica-
tions reserve. The Navy’s offer, on the other
hand, is one of outright enlistment, rating and
training in the reserve, with service purely volun-
tary until a national call is sounded and with a
good berth then secure. Since the Army Signal
Corps now has no enlisted reserve, there can be
uo vbjection at this time to an amateur serving in
the peace-time Army-Amateur System and yet
being enlisted in the Naval Reserve; and there are
many amateurs who have both affiliations.

There is a place in these orgunizaiions for
every amateur. As American citizens it is both a
privilege and a duty for us to offer our skill and
our assistance to them — via the Army-Amateur
System to the people of our community in pro-
tecting their lives and property by prompt or-
wanized relief efforts, and via the Naval Reserve
to our country as a whole by establishing places
for ourselves in the organization for national
defense.

K.

B. W.
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The Modulometer

A Simple Device for Measuring the Percentage of Modulation and
Generally Checking the Performance of the Phone Transmitter
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By James J. Lamb, Technical Editor

MATEUR radiotelephony reached the
toddling stage in the days following the
close of the Gireat War and was given
its real impetus in 1421 with the

publication in the July and August issues of
(ST of the first cornprehensive technical phone
article, **Modulation in Radio ‘I'elephony,” by
none other than R. A. Heising. It is notable

modulation thus made available to the amatcur
fraternity, amateur phone reached its majority
and, apparently self-gatistied, rested on its
luurels while amateur e.w. and cornmercial broad-
casting rushed on to new fields of conquest.

It is odd to observe that, even when everything
below 200 meters was open territory, no new
bands were ever opened up on amateur phone.

No first contacts with foreign countries

have been made on phone. Nonew trans-
.mitting eireuits have been first developed
on phone. Crystal control, High-C and
all the rest have first come a3 c.w.
achievements and for the inost part have
not even at this time been whole-heari-
wdly adopted for phone use. ‘This is no
idle indictment but is a bare statement
of irretutable facts as they are. What is
the explanation? ls it beenuse phone
enthusiasts are reactionaries und will not
leave the old order? We know this is not
s0. Is it because we have heen lacking
in ingenuity and initiative in icchnical
development? This cause is not accept-
able, The real reason? It is hard to put
4 finger on it but perhaps a little search-
ing will throw some light on the subject.

In the devclopment of any art, such as
radio telephony, close serutiny and ar-
dent attention must be priunarily given
to basic requirements. The most. funda-
mental requisite for successful phone

HWXPERIMENTAL MODE

THE
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that this treaiment of the subject is as authorita-
tive in this vear of grace, 1929, ax it was in 1921,
With the why and wherefore of methods of
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transmission is radio-frequency stahility
approaching ihe absolute. This has for
gome time been available, ‘Uhe next is
that the svstem of modulation used be
capable of varving the amplitude of the
carrier in faithful reproduction of the
sounds occurring before the microphone.
‘This has long been possible. ‘'he third is
that the carrier be modulated as com-
pletely as possible without detraciing from this
essential fidelity or, in other words, without dis-
tortion. RRecent modifications of the Heising svs-
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tem permit this.! To achieve these three ideals,
the transmitter must, fundamentally, be properly
designed and constructed. The fundamentals of
this design could be no more comprehensively
covered than they have heen in the phone article
in the April, 1929, issue of @87, and the more
the article is studied (not simply read) the more
the above statement will be appreciated.

Following proper design and construction,
proper adjusiment, intelligently planned and
logically accomplished, is next in order. The ad-
jusiment should start ai the speech amplifier
and continue through to the untenna circuit.
Nothing can be taken for granted. Distortion
may oceur in any portion of the most scientifi-
cally designed and well constructed transmitter.
Adjustments are largely inter-dependent and
in climinating distortion any sattempt to check
only the performance of the transmitter as a
whole ix unsatisfactory to the point of discour-
agewment, ‘Fhe proper procedure in adjustment is
the checking of each unit independently and in
ordered sequence: The microphone circuit; the
specch amplifier; the modulator, and finally the
radio-frequency portion of the transmitter.

In the ¢c.w. transmitter » check on the radio-
frequency portion only is necessary, and for this
we make use of the monitor.? "This check is also
necessary—in fact, more necessary—in the case
of the phone transmitter; but it in itself is inade-
quate. The monitor can only check the frequency
stability of the carrier and very approximately
indicate the quality of transmission. For checking
the degrece or percentage of modulation it is
almost useless; for, to the ear is delegated the
actual measurement and, while the ear may be a
fair judge of quality, it is a consummate liar in
the measurement of quantity. it is at this point
that we catch a glimmer of light, dawning to a
full glow of realization and finally illuminating
with startling eclarity one great reason for the
comparatively slight advance in amateur radio-
telephone development. We have been teeling
our way in the dark, estimating progress by
means of approximate aural measurements, while
the rest of the radio world has rushed ahead with
the guidance of accurate, absolute, visxihle meas-
urement of performance.

The eye is infinitely more sensitive to variations
in quantity and quality than the ear. if. therefore,
visible ineasurements indicate good ‘‘looking’
performance, good *‘sounding” performance is
assured. In the development of their radio-phone
transmitting equipment. commereial interests
have long had available the relatively expensive
uscillograph for making such visible checks on
performance and their success in transmitter

1 The reeently developed method of realizing 100 percent
undistorted modulation is cibed in detail in the article,
*Modern Practice In High-Frequency Radiotelephony,"”
appexring in the April, 1929, issne of QN7

LNT, October, 1928, page 17,
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development has clearly indicated the value of
this type of measurement. Up to the present time
the untold advantage of such mcasurement has
been denied the amateur. It is for this reason that
the modulometer is presented.

Right here, with curiosity aroused and objce-
tions taking form, assurance is given thai meas-
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PIG, |, —THE MODULOMETER CIRCUIT

fa— For 3500 ke, use 40 turns of No, 28 d.c.c, wire on
Sileer-Marshall plug=in coil form, The swime rumber of turns
wound in a 2-inch diameter *hank ' would serve as well,
[z —- Piclup codl. r 3 turns of lamp ecord, any size con-

Ch— I'l(l-pufd Filot veriable
wariable will do.

(g~ O1-pfd. Pilot fixed condenser,
tlm size or larger wnll be zalixfaciory.
00G-upjd. Pilot fixed cundeiiser.

f(l— 1400-0hm Warerf'u)utrd resistor No, sOT=55, Any
aoud "t ron=tndustive' resistor of 1500 or JO0U ohms wnight be
wsed,

Ry — 200-0hm wire- uamul piwtentiometer,

wndyet condenser,  Any

Any pwed condenser of

(3 iolts),
s-volt * B ’/41{!?1‘1/

MA— I‘Vr'.:u;.n Model 376 Student Type Clvanometer,
Other Tnstruments wldl sevpe as well, See ext.

S o Closed civea! phone jock.

1T ~— {7 X-199 tube,
urements with the modulometer are simple and
casy. The device is comparatively cheap. The
accuracy of the results is many times that ob-
tained by guessing methods und the deal of satis-
faction that comes of a job well done is infinite re-
payment. for the slight expense, little time and few
pains required in therealization of the best adjust-
ment of & potentially good phone transmitter.

WHAT IT I8 — WHAT IT DOES

The modulometer (so named in the interest. of
providing & convenient handle and to make a
fong story short) is nothing more than an old
friend, the peak wvacuum-tube voltmeter in u
new combination réle.s I'here is no other instru-

%" The i'se Of 'he Electon ‘I'ube Peak Voltmeter kor
The Measurement Of Modulation.” by C'. B. .olliffe,
Proceedings of the I'nsiitute of Radio Enyineers, April, 1929;
“Thermionic Vacuum Tube,’" by H. J. Van Der Bijl,
page 3687,



10 QSsT

ment or device more valuable, more widely
applicable, more simple and cheap in construe-
tion — and less used by the radio amateur, than
the vacuum-tube peak voltmeter. 1t requires no
expensive standard or elaborate equipment for its
ealibration beeause it is self-calibrated. 1t requires
1no deep knowledge of vacuum tube character-
isties or mathematics for its construetion and
operation. Anyone capuble of reading a common
direet-current voltmeter, twisting a potenfiometer
knob and having the most utterly fundamental
conception of what he is trying to measure is
fully capable of using it to complete advantage.
\nv amateur who may insist that so simple an
instrument as the pca.k voltmeter is ““too compli-

T
Se P
Microphone. 7o Moculomeber
Transtormer Audio
Ux199 \v 2014 iput.
=)

(LT c-
8 +

P, G~ THE SIGNAL GENERATOR
Ty = Qld  wuddio-frequency (ransformer. Some *‘perk”’
beiter than uthers. The vnes powrest as ampitfying transjormers
wsiadly best ax oxcillators. 1ry reversing connections lo
urnaIngs.
= Ivuml quhd"’Lle‘, Nluw’n

100 nm/ SO0 ,u;.gl'(l Not

f fe.si red pi ich.

olt ** O battery or S dry cells in aeries, Filament

fdament theostat. Conirolg piiek o svine

extent. .
£ — Gain condrol of svecch aiplifier,

eated”” or “too high-hat’ has no right to a sta-
tion or operator’s license. In fact, he is not a true
amateur in any sense of the word.

‘I'he principle of the vacuum-tube voltmeter is
the simple prineiple of the vacuum tube itself. The
negative bias is first adjusted until the plate cur-
rent, as indicated by a milliammeter in the plate
eircuit, is at. zero or a predetermined point just
above zero which point is known as the ‘‘false
zero.” An alternating voltage, the vaiue of which
is desired, is then applied to the grid cireuit of the
tube. The tube acts as a rectitier or detector and,
the grid becoming less negative, the piate current
increases. Additional negative grid bias is then
applied until the plate current is reduced to the
same value as that before the alternating input
voltage was applied. This additional bias cancels
out, the effect of the alternating voltage in causing
an increase in plate current and the value of the
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cddilional egutive grid hins required to balance gut
the alternating voltage i3 the peak value of the al-
ternabing voliage which s being measured. "That's
all there it to it. What is setually measured i iy the
additional grid bias required to “wash out’’ the
a.e, voltage and it is incasured with an ordinary
d.c. voltmeter. The accuracy is dependent largely
on the ability of the operator ag & meter reader
and upon the accuracy of the d.c. voltmeter.!

The photograph graphically illustrates the
utter simplicity of the modulometer. Throwing
the double-pole, double-throw switch to the left
gives the proper connection for measuring per-
centage of modulation, checking neutralization of
r.i. amplifiers or making other radio-frequency
measurements the ingenuity of the experimenter
may suggest. Throwing this same switch to the
right permits the ready measurement of audio-
frequency signal voltage on the grids of speech
amplifier end modulator tubes, the detection of
the undesired presenie of radio-frequency cur-
rent. in gudio circuits, the ferrcting out of un-

vanted audio- frequcmv feed-back from modula-
tor to speech amplifier, the measurement of the
actual voltage gain from the secondary of the
modulation transformer to the modulator grid
and, finally, the checking of the overall perform-
ance of the transmitter from the input of the
speech amplifier to the antenna circuit. If it is de-
sired, it is entirely possible to plot a curve from
the data so secured showing graphically the
proper or improper performance of the transmit-
ter a3 a whole. In addition, & head-get may be
conmnected in the plate circuit of the niodulometer
by means of a jack provided for the purpose and
the device be made serve as an excellent. listening
monitor for checking the quality ol either the
audio system output or the r.f. output of the
transmitter. As & matter of fact, the head-set may
be used in place of the plate meter as an indicator
in making some approximate aural mesasure-
ments, as will be explained later.

DESIGN AND CONSTRUCTION OF THE MODTULOMETER

The experimental model of the modulometer is
shown in its photograph and the circuit diagram
in Fig. 1. The plate circuit milliammeter, direct-
eurrent voltmeter, triple-pole, single-throw hattery

1 When the “{alge zero’ gystem of measurement ix uned,
slight error in absolute measurement is introduced since: the
£rid becomes slightly more negative on the negutive portion
of the alternating voltage cycle. This results in the mensured
voltage heing slightly less than the retual voltage. ‘('he
practical error will, however, be less than if the true zero
were uxed since, due to the very gradual slope of the grid
voltage-plate current characteristic as it npprosches zero
plate current, it is possible to bring the milliatumeter jointer
more exactly on a seale division alightly above sero than on
true vero. If the fulse zero is chosen very near in value o
true zero the accuracy is sufficiently high for practicai pur-
poses on all but very small input values. When the finul
resulte are in the form of ratios, us they usually are, the
error is practically eliminated. A method of applying & cor-
rection when extrenie accuracy is required will be found on
page 369 of Van Der Bijl’s ** Thermionic Vacuum 'Tube.””
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switch and phone jack are shown in the circuit
diagram but do not appear in the photograph.
The milliammeter may be any good standard
type requiring not more than 1.5 william-
peres for full-scale deflection. It would be prcfer-
able to have & meter requiring 200 or H(X) micro-
amperes for full-scale deflection, since the ac-
curacy of the true zero or false zero setting will
he in proportion to the sensitivity of the meter. It
ix not neecessary that this eter should have a
seale calibrated in units of current us only the
true or false zero point is ever used. For this
reason a galvanometer, such as the Weston
Model 375 student type, requiring 22 microam-
peres per division (660 microamperes full scale
for 40 scale divisions) will be entirely satisfactory.
The voltmeter may be of the double runge “B*"
aubstitute type, the low scale {(0-7.5 volts) being
used for peak-voltage measurements up to © or
7 volts and the 150-volt scale for higher readings,
Any good d.c. meter available will fill the bill,
however, provided it has a range not too great to
allow accurate readings. As will be seen later,
most of the readings will be in the range between
zero and 5 volts.

The battery switch may be of auy type handy,
and should most certainly be incorporated. It is
readily seen that it is not only essential to switch
off the filament when the inodulometer is not in
use but also necessary to open the bius battery
circuits on both sides. Otherwise the hias batteries
will drain continuously through the potentiom-
eters. If portability is desired, the whole thing
might be built in a carrying case similar to those
used for tube and receiver test sets. Potentiom-
eters, tube, switches, ete. eould be mounted on
a panel with the batteries inside the case. Many
modifications to meet the requirements of the
service desired will readily suggest themselves.
Details of the assembly are cuite completely
covered in the photograph and diagram with
its accompanying list of parts, and no further
explanation of the construction should be
necessary.

OPERATION —— AUDIO FREQUENCY MEASUREMENTS

In making measurements of hoth audio- and
radio-frequency performance of the transmitter,
it is essential that a signal source capable of de-
livering an alternating voltage output of prac-
tically constant intensity and pitch be provided.

While it is possible o realize such a signal
mechanically or acoustically by means of a buz-
zer, electric bell, musical instrument or cven by
vocally sounding a prolonged ** ah-h-h " hefore the
microphone, the use of electrical input, direct
from a suitable signal generator to the speech
amplifier, is far more satisfactory.

'here are a number of such devices readily
available and the simplest, cheapest and most
wenerally satisfacrory is the vacuum-tube audio-
frequency oscillator. t'he parts required will be
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found in almost every station junk box and the
agsembly takes bhut a few minutes. The circuit
diagram and a satisfactory method of wnncction
to the speech amplifier are shown in Fig. 2. If

A

, AM-
PLITUDE

MICROPHONE

SOUND INPUT T0O THE
The Balduin phone, connecied in the autput eircuit of an

audio-freqiency uener:ztm'. is held 1 place by means of rubber
bands. A thick piece of card-board with a hole in <ts center
serves as u bafHe betweern the ruwrer and . F. Johnson's
double-button microphore.

desired, the arrangement shown in one of the
photographs may be used, the headphones being
connceted in place of the microphone-transformer
primary in the plate circuit of the audio oscillator.
The latter arrangement permits the use of
“gound” input to the tnicrophone itself, and is
valuable if it should be considered desirable to
as nearly as possible simulate actual operating
conditions.

If a single stage of speceh amplification is used,
the modulometer input terminals designated as
“*audio input'’ should be connected to the grid
eireuit of the specch-amplifier tube as shown in
Fig. 2. If two stages of speech amplification are
used, it will be advisuble o connect to the grid
eircuit of the second stage. In any case, conne-
tion should be made to a grid eircuit in the
amplifier where signal voltages of as high as 5
volts may be obtained under normal operating
conditions. ‘This maximum value should be
attainable on the grid of the speech amplitier tube
immediately preceding the modulator when the
latter is a TX-250 and the speech amplifier tube
is # 201-A. Otherwise, it will not he possible to
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realize the full permissible grid voltage swing re-
guired on the input to the modulator tube to
attain full modulator power output. ‘t'his is an
important point and merits 4 little more detailed
wonsideration.

A wningle stage of transformer-coupled audio-
frequency amplification using & 201-A {ube may
be expected to give a voltage gain of 18 or 20.
'‘I'he (1X-250 modulator requires a maximum grid
swing of 90 volts for maximum output in its
plate circuit when it is operaied ai a plate voltage
of 500 and & grid bias of 40 voits. It will therefore
be necessary to have aveailable signal voltages as
high as 4 or 5 volts on the grid of the speech
amplifier tube, as this voltage multiplied by the
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gain of the amplifier (18 x &) is the modulator
input voltage. When using the standard single-
button microphone, voltages of the above value
may be reslized with a single stage of amplifica-
tion. When using & microphone of the double-
button type, however, additional amplification is
required. In the experiments conducted in con-
junction with the modulometer, an E. F. Johnson
double-button migrophone was used and two
stages of 201-A transformer-coupled speech am-
plification, having a measured over-all gain of 800
{40 in the first stage, utilizing a Silver-Marshall
type 255 ‘‘transformer’) were used and found
entirely adequate. Microphones of lower sensi-
tivity will, of course, require additional amplifi-
eation. 'he signal voltage must be controllable
and for this reason the gain control shown in
Fig. 2 should most certainly be provided.

With the modulometer completed and in work-
ing order, it is advisable to spend a little time in
getting used to its operation before starting actual
ineasurements on the transmitter. Since it hag
been found advisable to always work from u pre-
determined value of signal voltage at some point,
such ay the grid circuit of a tube in the speech
awplifier, the procedure most satisfactory will be
ay follows: Connect the audio-frequency input
terminals of the modulometer to the grid circuit
of the speech-amplifier stage immediately pre-
ceding the modulator. Connection should be
made as shown in Fig. 2, and not directly between
the grid and filament, of the speech-amplifier tube.
If the latter should be done, it is obvious that the
“( battery voltage of the speech amplifier
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would be applied between the grid and filament. of
the modulometer tube and cause inaccurate
measurements. Throw the d.p.d.t. switeh io
the right. 'T'urn the modulometer and speech am-
pliier on but do not start the transmitter or
modulator. With the gain control of the speech
amplifier turned to the full “off” position and
potentiometer, R, su set that the voltmeter, V,
reads zero, adjust Rq until the pointer of the plate
milliammeter, MA, is brought to the scale divi-
slon next above zero. T'his is the false zero setting
and should be the sawne throughout u run. Now
adjust R. until the voltmeter, V, indicates some
desired value of signal voltage, say 1 volt. The
plate milliammeter indicator will move from the
false zero setting towards true zero. Turn the
gain control of the speech amplifier up iwith the
audio oscillator running) until the signal applied
to the grid circuit of the specch amplifier tube just
brings the pointer of MA up to the false zero
setting. A signal of 1 volt, peak value, is now be-
ing applied to the grid circuit of the speech
amplifier tube.

In operaiion of the trausmitter, signal input
from the microphone only is desired. In addition
to thig, however, many amateur transmitters are
afflicted with audio-frequency feed-back from the
wmodulator circuit and sometimes radio-frequency
feed-back from the transimitter itself to the modu-
lator and speech amplitier. Kither of these condi-
tions is likely to cause distortion in the best of
speech amplifier systems, and before going fur-
ther a still hunt for audio- and radio-frequency
feed-back will be found well worth while.

AUDIO- AND RADIO-FREQUENCY FEED-BACK

In c¢hecking for audio-frequency feed-back, the
procedure outlined above is followed with the
modulator switched off. After obtaining the de-
sired signal voltage on the speech amplifier grid,
the modulator is turned on with the oscillator of
the transmitter still oft. If, when the modulator
is switched on, it should be found necessary to
further increase the voitage indicated by V to
bring MA back to the false zero setting, audio-
frequency feed-back is clearly indicated and its
elimination will be necessury before proceeding.
(irounding of the modulator choke case as well as
the cases of the audio transformers in the speech
amplifier will be found helpful. One terminal of
the primary of the microphone transformer should
also be grounded; this should be the center ter-
minal il & two-button microphone is empioyed.
Jf these efforts fail to entirely climinate the
audio-{requency feed-back, it will be necessary to
further isolate the speech amplifier from the
modulator apparatus by moving the two apart.

After getting rid of audio-frequency feed-hack,
radio-frequency feed-back should next be at-
tacked. With the modulator and speech amplifier
running and a known value of signul voltage
applied to the grid circuit of the speech amplifier
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tube, start the oscillator. If the platc current as
indicated by MA of the modulometer should
increase and an increase of negative bias as in-
dicated by V be found necessary to return to the
false zero setting, radio-frequency feed-back to
the speech awmplifier is uundoubtedly present.
Isolation of the speech amplifier from the r.f.
portion of the transmitter will be found most
effective, the whole audio system including the
modulator being removed fiftecn or twenty feet if
necessary. If a common plate or filament supply
is used for the whole transmitter, radio-frequency
chokes in the leads to the speech amplifier and
modulator may be nccessary. In any case, feed-
back should be reduced to the point where little or
no apparent increase in signal voltage is indicated
when the vscillator is switched on.

The presence of radio frequency in the modu-
tator grid circuit should also be checked, as it may
he found therc when there is no indication of it in
the speech amplifier circuit. The same general
procedure outlined above is followed, with the
exception that additional bias (say 67.5 volts)
should be connected. at the point marked **addi-
tional bias’ on the diagram in ¥ig. 1. The total
signal voltage in this case will be this additional
biag plus that indicated by the voltmeter, V,
since the two are in serics with respect to the grid
of the modulometer tube. R.[. feed-back to the
modulator grid circuit can best be eliminated by
connecting r.f. chokes in the plate supply leads to
the modulator and, if necessary, in the modulator
grid lead.

MEASURING THE GAIN OF THE SPEECH AMPLIFIER

The specch amplifier should be capable of
delivering to the modulator grid a signal of suffi~
cient voltage amplitude to give full modulator
output without wmerloading the microphone av
speech. amplifier. In other words, it should be
possible to secure full output from the modulator
without having to shout into the micropbone and
without distortion in the specch amplifier. I'he
single-button microphone is designed to give dis-
tortionless output only when spoken into at
normal voice intensity. 'The diaphragm should not
move over about .001 inch. Operating under
these conditions, a signul voltage of about 3 or 4
volts muy be realized across the secondary of the
microphone transformer on the peaks, and a
voltage of 60 to R may be expected at the grid of
the modulator tube when using 2 single stage of
transformer-coupled speech amplification.

When using a double-button microphone, a
peak signal veltage of whout 0.1 or 0.2 volt is
realized at the grid of the first spcech amplifier
tube with normal speech input and 80 volts or
more at the grid of the modulator tube. 1The
speech amplifier should give a gain of about X00.
In order to check the gain of the speech amplifier
and to assure the realization of full grid swing at
the modulator without distortion, measurement
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of the voltage gain from the secondary of the
microphone transiormer to the grid of the
modulator tube should be made.

Assuming that a single-button microphone and
one stage of arnplification are being uscd. the
modulometer audio input terminals should be
connected to the grid circuit of the modulator.
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FIG. 4.~ THE WAY THE MODULATED (!ARRIER
WOULD LOOK

A= Modulated 100 ver cent, The amplitude puries be-
cen zero and twice the unmoinlated earrier amplitude,
— Modulated less than 100 per cent, The amplitude
never renches zera or fwice the unmodulated carrier amplitude.
& Modulated over [(0) per cerd. The amplitude variex
n zero and tore han birice the wnmodlnted carrier
amplitude, This gives a distorted wave form, resulting én poor
quadity and serivus interference

By means of the previously described method,
adjustment should be made for s signal voltage
of, suy, SO volts. The voltage should then be
measured at the speech amplifier input. The ratio
of these two voltages indicates the gain of the
amplifier. If desired, various values of signal
voltage may be measured and a curve such as
that shown in Fig. 3 plotted. If the ciurve is not
a straight line over all but its extreme lower por-
tion, distortion in the amplifier is indicated and
4 cheek should be made on the plate, filament
and grid voltages as well as on the tubes. Such 4
condition. due to improper grid bias for the plate
voltage used, is indicated by the lower curve of
Fig. 3. The upper curve indicates proper con-
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stants for distortionless amplification over a wide
range of signul voltages at constant frequency.
If the pitch of the signal obtainable from the
ozecillator can be varied, a second run may be
made with a constant value of signal input
voltage and various signal frequencies. If, how-
ever, the coupling devices are of good quality it
will not bhe necessary to make such a test on a
system intended to operate at speech frequencies
only.

MEASURING PERCENTAGE OF MODUTLATION

In the final analysis, the effectiveness of a
phone transmitter of given carrier power output
depends more upon the degreec of undistorted
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modulation than on any other cne of the three
esseutials which have been mentioned. ‘The degree
of modulation is more specificully important in
the case of the low-powered amateur transmitter
than in the case of a higher-powered transmitter.
A transmiiter having a 10-watt. earrier modulated
80 per cent has the same effective range ag one
with a 10-watt carrier modulated 40 per cent.
In addition to this, the 4(-watt transmitter
would have twice the interference range, since
the carrier would be twice ag sirong. This will be
more readily understood upon an analysis of the
graphical representation of modulated antenna
current. as shown in Fig, 4, The degree of modula-
tion is expressed in terms of antenna current
amplitudes only. The percentage of modulation
iz defined as the ratio of ane half the variation in
santenna cirrent. amplitude to the unmodulated
carrier smplitude, muitiplied by 100.! Since the
wodulated antenna current amplitude varies
u#bove und below the unmodulated carrier ampli-
tude to an equal degree when modulated sinusoi-
dally, the percentage of modulation may be
expressed by

Pereentage of modulation = *. 100
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Where: imod = peak modulated antenna current.
tene == peak unmodulated antenna or
earrier current.

It is therefore only necessary to have some
means of measuring the peak modulated antenna
current. value and the peak unmodulated carrier
current value<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>