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Accuracy Considerations in the Use of Tuned-Circuit Wavemeters
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Amplifier, Audio for the Laboratory, An
Arthur E. Thiessen (April, 1930)

Amplifier Design, Direct-Current
Charles E. Worthen (June, 1929)

Amplifiers, Gain in and Other Networks
Arthur E. Thiessen (December, 1929)

Amplifiers, Production Testing of AUdio-Frequency
Arthur E. Thiessen (June, 1929)

Arguimbau, 1. B.
Low-Frequency Oscillator, A (October, 1929)

Stroboscopic Frequency Meter, A (November, 1930)

Attenuation Measurements on Telephone and Telegraph Lines
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Audio Amplifier for the Laboratory, An
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Measurements at
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Charles E. Worthen (April, 1930)

Beat-Frequency Oscillators
Charles T. Burke (May, 1931)
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Broadcast Transmitters, Modulation Measurements on
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Robert F. Field (January, 1930)

Cardiotachometer
Unsigned (February, 1931)

Clapp, James K.
Frequency Stability of Piezo-Electric Monitors, The
(October, 1930) (November, 1930)

Improving the Precision of Setting in a Tuned-Circuit
Wavemeter (September, 1929)

Simplified Inductance Calculations (February, 1931)

Clocks, Synchronous Motor-Driven
Harold S. Wilkins (October, 1930)

Communication Circuits, Notes on Power Measurement in
John D. Crawford (October, 1929) (November, 1929)

Condensers, Straight-Line Wavelength, Straight-Line Frequency,
and Straight-Line Capacitance

John D. Crawford (March, 1930)

Continuous-Film Camera for the Oscillograph, A
Horatio W. Lamson (April, 1931)

Continuous Recording of Pulse Rates, The
Horatio W. Lamson (July, 1930)

Crawford, John D.
Notes on Power Measurement in Communication Circuits
(October, 1929) (November, 1929)
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Dynatron. The
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Kinds of

J, W. Horton (December, 1929)
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James K. Clapp (October. 1930) (November. 1930)
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Gain in Amplifiers and Other Networks
Arthur E. Thiessen (December, 1929
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James K. Clapp (February, 1931)
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Continuous-Film Camera for the Oscillograph, A
(April, 1931)

Continuous Recording of Pulse Rates, The (July, 1930)

Electrically-Driven Tuning Forks (September, 1930)

How and Why the Fader (July-August, 1929)

Low-Frequency Oscillator, A
L. B. Arguimbau (October, 1929)

Measurement, Notes on Power in Communication Circuits
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Measurements, Attenuation on Telephone and Telegraph Lines
J. W. Horton (February, 1931)

Measurements, Field-Intensity
Robert F. Field (January, 1931)

Measurements, Modulation on Broadcast Transmitters
W. N. Tuttle (March, 1931)



5

Measurements, Precision Frequency
John D. Crawford (l~rch, 1931)
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Unsigned (June, 1929)

Non-Polar Relay, A
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Notes on Power Measurement in Communication Circuits
John D. Crawford (October, 1929) (November, 1929)

Oscillator, a Low-Frequency
L. B. Arguimbau (October, 1929)

Oscillator, a Tuning Fork Audio
Charles E. Worthen (April, 1930)

Oscillators, Beat-Frequency
Charles T. Burke (May, 1931)

Oscillators, Temperature Control for Piezo-Electric
Unsigne~ (November, 1929)

Oscillograph, a Continuous-Film Camera for the
Horatio W. Lamson (April, 1931)
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Piezo-Electric Monitors, the Frequency Stability of
James K. Clapp (October, 1930) (Novereber, 1930)

Piezo-Electric Oscillators, Temperature Control for
Unsigned (November, 1929)

Piezo-Electric Quartz Plates
Charles E. Worthen (February, 1930)

Power-Level Indicators
Arthur E. Thiessen (May, 1930)

Precision Frequency Measurements
John D. Crawford (March, 1931)

Precision Wavemeter
Unsigned (February, 1931)

Production Testing of Audio-Frequency Amplifiers
Arthur E. Thiessen (June, 1929)

Radio-Frequency Driver for the Service Laboratory, A
Charles T. Burke (September, 1929)

Radio Service Laboratory, New Testing Instruments for the
Unsigned (June, 1929)

Reoeiver Characteristics, the Standard-Signal Method of Meas
uring

Charles T. Burke (March, 1930)

Rectifier-type Meter for Power Output Measurements at Audio
Frequencies, A

John D. Crawford (July-August, 1929)

Relay, a Non-Polar
Unsigned (November, 1929)

Service Laboratory, a Radio-Frequency Driver for the
Charles T. Burke (September, 1929)

Servioe Man, Simplified Sensitivity Measurements for the Radio
Charles T. Burke (August, 1930)

Simplified Inductance Calculations
James K. Clapp (February, 1931)

Simplified Sensitivity Measurements for the Radio Service Man
Charles T. Burke (August, 1930)

Standard-Signal Method of Measuring Receiver Characteristics,
The
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Straight-Line Wavelength. Straight-Line Frequency, and
Straight-Line Capacitance Condensers

John D. Crawford (March, 1930)

Stroboscopic Frequency Meter. A
L. B. Arguimbau (November, 1930)

Superheterodyne
Unsigned (February, 1931)

Synchronous Motor-Driven Clocks
Harold S. Wilkins (October, 1930)

Telephone and Telegraph Lines, Attenuation Measurements on
J. W. Horton (February, 1931)

Te1evi~ion: A Comparison with Other Kinds of Electrical Com
munication

J. W. Horton (December, 1929)

Temperature Control for Piezo-Electric Oscillators
Unsigned (November, 1929)

Thermocouples
Unsigned (May, 1931)

Thiessen. Arthur E.
Audio Amplifier for the Laboratory. An (April, 1930)

Gain in Amplifiers and Other Networks (December, 1929)

Production Testing of Audio-Frequency Amplifiers
(June, 1929)

Uses of Power-Level Indicators (May, 1930)

Tuned-Circuit Wavemeters, Accuracy Considerations in the Use of
Charles E. Worthen (August, 1930)

Tuning-Fork Audio Oscillator, A
Charles E. Worthen (April, 1930)

Tuning-Forks. Electrically-Driven
Horatio W. Lamson (September, 1930)

Tuttle, W. N.
Modulation Measurements on Broadcast Transmitters
(March, 1931)

Useful Secondary Frequency Standard, A
John D. Crawford (April, 1931)
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Uses for Plugs and Jacks in the Laboratory
A. G. Bousquet (December, 1930)

Uses of Power-Level Indicators
Arthur E. Thiessen (May, 1930)

Volume Controls
Unsigned (February, 1931)

Wavemeter, Improving the Precision of Setting in a Tuned-Circuit
James K. Clapp (September, 1929)

Wavemeter, Precision
Unsigned (February, 1931)

Wavemeters, Accuracy Considerations in the Use of Tuned-Circuit
Charles E. Worthen (August, 1930)

We Celebrate a Birthday
Unsigned (June, 1930)

Wilkins, Harold S.
Synchronous Motor-Driven Clocks (October, 1930)

Worthen, Charles E.
Accuracy Considerations in the Use of Tuned-Circuit
Wavemeters (August, 1930)

Direct-Current Amplifier Design (June, 1929)

Dynatron, The (May, 1930)

Piezo-Electric Quartz Plates (February, 1930)

Tuning-Fork Audio Oscillator, A (April, 1930)
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There is no subscription fee connected with the
General Radio "Experimenter." To have your
name included in our mailing list to receive fu·
lure copies, simply address a request to the

GENERAL RADIO CO., Cambridge, Mass.

1\ 10

TER

nits of Electrical Transmission

VOL.3 NO. B

')pe G
EXPE
The General Radio Experimenter is published
each month for the purpose of supplying infor
mallon of particular interest pertaining to radio
apparatu. design :lnd application not commonly
found 10 the popular style of radio magazine.

By J. . IIORTO , hief Engineer

The communication engineer, al
though he d al generally with very
mall amount of energy, i fre

quently concerned with ratio of
'nerg. having enormou, magnitude.
The ratio b tween the rat of
nergy fl w in different parts of a

communication y tern, if expr ed
numerically, may be quite a impre
. ive a the figure used by the
power engineer. As an e ample the
power delivered by an ordinary tele
phone tran mittel' i of the order of
0.01 watt. This may be used to
control the output of a 100-kilowatt
radio tran mittel', in which ca e the
ratio of the power at the two ends
of the stem i ten million. gain
it i quit po ible for the ener y de
livered to it loud- peaker by a mod
'rn radio rec iver to 'ce d the
cn rgy d livered by the antenna by
on hundred million to one.

n au of the relation b tween
the quantities involved the com
munication engineer find it desir
able in de cribing the efficiency of
hi apparatu to adopt a method
differing markedly from that used
by the power engineer. Until r(>
cently this method was to compare
the performance of any piece of ap
paratu to that length of tandard
telephon cable which changed the
amount of po, er delivered by the
arne ratio.

In makinO' thi comparison two
factor mu t be taken into account,
first the energy di ipation - or at-

tenuation - within the apparatus,
and second, the ability of the ap
paratu to receive and deliver energy
acro the junction between it and
as ociated circuit. To de cribe th(>
performance of any apparatus,
therefore, it i cu tomary to con-
ider the power which would be re

ceived by a giv n load circuit from
a given O'enerator circuit when they
are connected directly together and
the powel' received when the appar
atu in qu tion i included between
them.

In the case of a length of stand
ard cable it was a umed that the
g neratot and receiver circuit were
both long length of imi]ar cable so
that the only 10 due to introducing
the r ference I ngth was the dis ipa
tion within the reference lenO'th.
Tnder the e condition the actual

10 in a real cable when the current
flowing ha a frequency of 00
cycles p r cond i given by the ex
pre IOn:

Pl!P2=eO.218L (1)

where e is the ba e of aplerlan
logarithm and Lithe length of
the cable in mil s. From this the
number of miles of tandard cable
which, when onnected into a long
length of imilar cable, chang the
amount of power received by the
ratio P 1!P2 i :

1.=4.15 7 log e P 1!P2 (2)

From the change in received power
o curring wh n any piece of ap-

paratu i introduced hetwe n given
generator and receiver circuit the
attenuation, or gain, of the ap
paratu expre ed in equivalent miles
of standard cable i given by the
above formula.

One con equence of expressing
performance in this way is that the
over-all value for a sy tern is com
puted by adding together the values
expressing the performance of the
several part. This differs from
the practice of the power engineer
who multiplies together the per
centage efficiencie of his compo
nent.

The above method of expre ing
the transmi ion efficiency of a piece
of apparatu as some function of
the logarithm of a power ratio ha
two decided advantages for the
communication engineer. In the fir t
place it fits in conveniently with his
tran mi ion formulre, of which (1)
given above i a typical example. In
the econd place it is mo t conven
ient when u ed in connection with the
en ation of loudne ,which al 0 fol

lows a logarithmic law. Thi lat
ter fact can be demonstrated by
determining the amount of energy
required to give a eries of ound
differing by apparently equal in
ten ity intervals. If the e amounts
of energy are compared it will be
found that succe sive values bear a
fixed ratio to one another.
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Dr. Hull Retu.rn to Boonton

John Hopkin Graduate
Join En l1ine rinct taff

On Dccemb l' 1 w w lcomrcl to

our ngine riug talr \1' hu1' E.
Thie en, a graduate of the la of
1$')26 of .John" HOI kin. l: niver. it)'.
..\fl'. Thi, n' undergraduate the-

I wa on the 'ubj t of magnetic

:t110)" , For th I a. t two and a half
Y /1.1'. h ha b en with th Bell T I
phone Laboratori in 1 IV ) o)·k

City, working lm'g lyon apparatns
for hiO'h p 1 cabl .

i tru with InO't of our 11

gineerin l7 stn IT Mr. '] hie:- en i a
form I' amat ur. Pre-war amat uri>

on the Pacific oa twill unc10ubt dly

recall ~ fr. Thi 11 1 ark tran 

IHitter at Portland (1' gon.

'inc hi r turn from Ellr 1
\\'h r he att nd d th U. R. . 1.
Conferenc , Dr. ewi 1\f. Hull ha

th dil' ction of th t chni-
al work of th _ ircl'aft Radio

Diyi'ion of Radio r quenc • ab-

oratori . He i. thel' fore, now
makinl7 hi h adgna1't r at Boon
ton, _T ew J l' y. Dr. Hull will b
:t ociated with our EnO'ine ring D

partm nt Ollly in a con ultin l7 ca
pacity. Hi work an 1 inter t )lave
b n principally in th lin of mdio

fr qu ncy m a lU' m nt. On of hi.

contribution aloJ1I7 lh. Jill i: the
Type 4<0:3 tanc1ard- ignal :rencl'a

tor.

'" ha\'e I' c iy d many ingum
a' to whelh I' w w r cont mplating

puttin C1 out any 1 vi. ion appara
tu,;. Th an \\'er ha b n uniforml
, 1 I 0", The rea on? Read The

Old ..\Ian' articl· on thi. . uhj d
on parr 2-1< of llll' Jannar. i.<;ue of

Q. . T. 'rbi. i on' of th he"t
;1l111lllari('s of th suhj d w hay 'ypl

s ·('n.

PI I,
log:'-=:20 log-,

P2 12

The European m thod i' probably

mol' conv ni nt from the tandpoint
f mathematical computation. How

eY r th u e of on additional con
Y I' ion factor i undoubt dlv I . s

confu iner to the mathcll1aticiam

than would b th u e of na ural
lorrarithm t the relatively lal'g r

number of practical ngin I'". n
immedi t d an u ing th

100'arithm to th bu. e 10 appear'
when i i r cogniz d that he llum

b r of tran mi ion unit. may be
computed from th power ratio by

th m an f an ordinary .Iid rille
or lllay h looked up in th n ar t
tahl of 100'urithm .

Th u. of th y riou unit and

th'ir I' Intiv m rit have b en eli 

cll~sed at Intel'1lational ommuni
cations (' nferen e and it ha been

agr d that both hall b l' t in d.
'1'he unit ba d on th 10 l7nl'ithm to

the ba e ten of th po \ er ratio ha.
for om tim been known a' tb
tran mi ion unit (Tl ) for want of
:t more d finite tit!. \t the la.

nweting of the Int rnational 0111-

·, T_HE_G_E_N_E_R_AL_R_A_D_IO_Ex_P_ER_(_M_EN_T_E_R _

In pite of it convenient logarith- munic, tion onference, however, ho, v r, not b carri d to the point
mic character the mile of tandard thi unit h, b n eriv n the Dame wh re th l' f rence pow l' lev 1 i'

abl " or "00- I mile' ha c 1'- d cib ll. The nominal unit i uch 10 tight of.
tain di advanta Fir t, it i a - hat th nWl1b r of unit i the logll-

ocia d with an arbitrarily el ct 1 l·ithm to th ba. e ]0 of th pOW'J'
phy ical cabl and i ignific nt only ralio. Thi ha b n clone in rder

for CUlT nt having a frequ ncy f that the two unit -the BI and the

00 ·yeles . ... concl, it require, 13 11--. hould be approxi111at ly alike
wit n u cd in mathematical compnta- in maernitucl. The o-call d prac-

lion., tit u~e of an arbitrary con- tical unit will h w ,cr be th df'ci-

tant ba d on th phy ical cable. b 11, \,"hieh, . inc the numb!'r of
)3 cau e of th. eli. advantu er . an unit. i' 10 time the 10 l7arithm of

'ort ha b n mad to tandardi7.(· th cun nt ratio i obviomly on ~

/1. 11' unit which will b of 0'1' at r t nth th i7. of the nominal unit.
. impli ity. vend nch nnit haw It ha. b en d creed that th new

I n propo cd. In Europe a unit unit. hall he abbreviat d a "db".

knowll a. I h, b· n employ d foJ' It wa. originally int nd d thal

om 1m. Here th number of tran nll ion unit hould be u ed in
unit is given directly by the natural rcferrin er to he performan e of ap-

logarithm of th urr nt ratio. In paratu, that i , to the gain or to th
neri a th unit which ha - com 10 l' titing wh n the ,pparatu

into g nera] us }. uch tha the wa employ d. inee howewr, th

numb l' of unit t n tim the lllit i ba d on power ratio it i.,
100'arithm to the ba. 10 of the pow- only natural that it ha com 0 b
e1' ratio. That i , ed f fu or xpr. mg amoun 0

power. Thi i mo:t £r gn ntly
uone by el cting, I\rbitraril, ome
amount of power a a "1' fer ne

level' and de cribinfl' oth r amount.
of po,,,er a beill 0 many tran mi.-

ion unit aboye or bel w thi 1'efer-

ence I vel. It ruu t b mpha ized

tha a pow l' lcv I xp", 1 in thi
ay can hay no ignificance uul

the l' ference power i pecifi d.

here rna be a" man. refer n '

point a lh l' are y t ill for lec
hi < I communication. In t leph He

line l' xampJ the tandard out-

pu of a l' p at r i pok n of a
"zero I y'l' and the rate of en rgy

flo II' at other part of the. y t m i'

thu. ref ned to tbi lenl. In hierh
qnality bro, dca t tran 'll1i: ion a

pow I' 1 vel of 0.006 watt ha. b n

arbitrarily ho n a zero level.
TIm when we . ay tha an amplifier
i capable of deli\' rinO' a 'plu 10
db 1 vel" we mean that i i eapabl'

of d ·liverinl7 0.06 watt. Th u e
of tran mi ion unit in de"cribing
power level empha i7.e th advan

tUrt of u ing a 10 a1'ithmic unit in
conn dion with nch ph nom na a.

h aring which it elf follow a loga-

rithmic law. The praetie hould
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How and Wh the Talkies
n HOR TIO w. L 01 n ineerin Departlltent

In th Decl'mb I' i ,lie of th
l'ERIl\lEll'l ER we outlillcu the
"ell '1', I problem of the talking
JIlo\,je' aud di 'cus~l'(l in ome d !liL
the WIl disc method of rpcording

and l' pro due i n g wnchroniz·d
ollnd. \Y n II' propo to c nsieh'l'

the opti aIm ·thod wh r by a photo
crrllphic l' cord, corre 'ponding to
th fluctuating. ound impul " i'
obtained upon a film in th tudio
and ub. quently r produc d a
,sound in the th at r.

There are two fuudam ntal form
\I hich uch a film l' cord Illay tak .
Th one rno t comlllonly mplo d
ha a con tant tran v l' c width
and an inten ity or d n ity" \ hi h
varie' from point to point along the
film in accordance with the fr quency
and amplitude fluctualion of th
orre 'ponding oun I wave. uch a

l' cord i· haded in app aranc and
imiLar in character to a I hoto

oTaph of a h avil' banded light
'pectrum. I may be obtain d by
val' ing the inten it, of the Iierht
sour eith r dir c ly or indir ct

ly or b changing the eff ,ctive width
of th narro\ lit opening through
which th .film i. expo d. In either
ea e the den it r aero ' the l' cord
is eon:tant at an' iven point itIonO'
the film, giving thu. th characteri
ti band el elf ct.

tl th 0 h l' hanel, in th . cond
type of r cord, a c n tant ourc of
illumination i mplo 'c I whil th
c>l ctl'i al impul corre I)onding to
I h souud \H'tVl.'· operat a 111 chan
i'm that . 1"\'(' to vary th r'lativ'
(mount of th tran. v l' lit which
i: illuminatecl at any given in tant.
'J his pro lllee a blllck-and-whit
non-~hacl(d J' 'cord hll\'ing It fin 'aw
tooth app aranc('.

'rJH'r arc three disLinct m'thod:
of opti al r cording which may be
u crib·d here all of which ar fun-

Part wo

clam 'ntally adapt d to prodll e a
band d t 'pe of record.

Th fir t milk,s u 'e of the neon or
similar typ of glow lamp which is
so w Ii known in the art of tel yi ion.
Th inten ity f th Jierht 'mitkd
h, uch a lamp can be ,aried rapid
Jy and ea ily by It fluctuuting \'olt

a applied to iL. If, now, our film
i' driv'll unifol'mJy along behind It

narrow tran'r r'e ·lit which i· illu
minat d on the op 0 'ite ide byuch
a lamp w hay th mean of pro
ducing a band<.'<! fiJm r cord corr -
pondinO' to the variation of the
ound wav" pi k d up b th tudio

mi rophon .

The ec n m thad utilize' a con-
tant ource of light and employ an

ing niou de\'ice known a a 'ligh
yah·e.' Thi con i t of two par
allel du1'aluminum tape each i.x
mil, wide and th1'e mil, thick. The'e
ar 0 placed in the opti 1.1.1 y t m
ha when at l' l, th ' form an ef-

fectiv lit which vi w again t the
ourc of !i"ht pI' nt' an opening

two mil wid by on quarter of an
in h long. By mean of a high grade
optical y t m an imag of hi lit
in the light valve i thrown onto th
the film in the form of a tran yer
lin of light one- i hth of an inch
long and norma11 onl one mil
wid.

The two duraluminwn tap , form
an el etrical loop circuit and th '
ar 0 located in a tead)' magn tic
fi ld that wh n a pul.·a ina unent
i. pa.. d thl' ugh them tlK.'" moye in
opposit dir ction . In thi. mann I'

th effediv ap op ning bet\\' n th'

tap" and hence the width of th
image lin 00 the film is wlri cl ac
cording to th fr quenc), and am

pI ihllle 0 f th 1 elrical impul·e·.
"uch Il modulation of th light iY.,
of cour' , the charnct ri tic banded
record n th· III Yin" fihn. lVc note

that in thi ca the time during
which nch pot n the film i' ex.
poed to a constant light ourc
yitI' il': whil' in th oth l' two m th
od' de 'crib d euch . pot on the film
I'ecord i illwllillittl.'d for th ame
tilll' intl'ryai by a lIIodulutNl light
intensity.

I is found d 'sirabl' in practice
to auju t th ten. ion on the tape'
until they haye a natural fr qu ncy

f about 10 0 cycl per econd.
nd l' thi condition a 100 per cent.

modulation of the liO"ht i.e., opening
th valve lit to a maximum of four
mil' and ju"t do iug it compl tel
l' quir about t n milliwatt of pow
er at th 1 w r audio £1' qu ucie and
about 0.1 milliwatt at th natural
frequ ncy of th tape.

A third method of optical l' orcl
iller utilize an int re ting devicc
known a the K rr cell. A b am of
light of con -taut iut u·it i pas 1
fir throuD'h a 1 icol . pri ill which
polarize th beam in particular
plane. It i· then pa ';.,ed lhrough a
narrow gap betw en b 0 electrode'
anu ub equ 'ntl)' throu h a . cond

lico!' pri. III t at 5 degr e to
th fir t. Th gap betw en tll I c
trod in th K 1'1' c 11 i' fill d with

nitro-benzol a liquid which ha. th
prop rt· of rotating th plan of
polariz d light pa, ing through it
\\ hl.'l1 'ubj'c eel to an lectro ·tutic
fielcl to a degree proportional to th
impr 'd YoltaO'. bviou 1)' then,
a modulation of th If ctive int n-
ity of th light our may b

produc d by applying an alterJ1at
ing potentiaL to th 1 elrod '()

that, if w mIlo)' a fi 'cd tran vcr 'c
. lit again, t h film a band d l' corel
will l' uIt. 'rll cparation of the
electrode and th le]]O'th of th light
path I)('h\- 'en th 111 dd I'mine th
volt< "c nece '(try to procluc 100
pCI' n'n!. 1110luJation, i.e., yariation
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mong th producer u ing the
E. n.. P. 1. yst m ar :

Players

er, In .

Famou

( .

2.

1.

3.
1.
5.
6.

.A fe~ stati tics may be of inter
est in closing. A number of con
cerns arc now d veloping and placing
on the market quipm nt for record
ing and l' pI' du ing sound pictures.

mong th mare: the "'1 ctrical Re
s arch Product, Inc., a ub idiary
of the > ·tern .Electric ompany,
who u e both th disc record ( ita
phone) and the film I' cord (Movie
tone); the I. '. hotophon (a
film record) ; and the neral Talk-
ing Pictur s 'orporation (De :Forest
l'honofilm), likewi e a film record.

III con lu i n we wi h to ackl1owl-
dg our ind btedn to the Bell

Laboratori Record for c rtain
data u d in thi arti 1 .

'I h foll wing producers are
licen d und l' th R. hoto-
1hone sy t m:

1. F. B. O.
2. Tiffany· tahl.
J. Pathe.
':1<. Mit 'h. nn Lt.
K. Educational.

count of the high impedance of the
photo-electric c 11 circuit, it is de-
irable to build thi amplifi l' into

the same container which holds the
photo- Ie hie c 11. The output of
thi amplifier, at low impedance, is
th n carri d to the fader and, from
thi point on, the same speech am
plifying sy t m used with the di c
method i employed, like i e the
arne technique of f del' operation,

monitoring, and control of the ou 
put panel.

large proportion of the th at 1'8

in whi h synchroniz d ound in talla
tion have been made ar equipped
with machin d igll d for project
ing eith I' the 9-i COl' the film type of
record. They can, therefore, utiliz
th standard~zed product of all pro
ducers.

or ernul ion, ill, of coul' e, g nel'ate
um elcome "background" noi es in
the final reproduction. "hile th eye
can barely detect a two per cent.
change in film d nsity udd n irr gu
laritie of only ne- enth of one p I'

cent. will giv ri e to an audible
bo kground noise.

In l' producing the opti al ound
record in he thcat l' we mploy an
oth l' device us d in the art of tcle
vi ion, nam 1 , the photo-electric
c 11. hen ubjected to a t ad
p larizing Itage th photo-electri
cdl a1l0\ a current to f10w through
it , hich is proportional to the in
tcn ity of light falling upon the c 11.
A narrow trullSI'er e slit is inter
po 'e I b twcen the cell and a comt nt
source of light. '1'hi slit ext nels
across th portion of the film carry
ing the ound record 0 that the in
tell ity of th light pa sing at any
in tant into th photo-el ctric cell
dep nds either upon the l' lative
den ity of th banded film back of
th lit or upon the width of the
'cut-off' portion of the saw-tooth
film l' cord at the oint in qu tion.

'1'hu if thc film is drawn uniform
ly at th original pe d acro th
slit we will obLain a pul aLing cur
l' nt in thc photo- 1 ctric cell circuit
I hich will be a reproduction of th
current in the tudio microphoues.

V hen projecting a motion picture
the film i advanced int rmittently
at the rate of sixteen' frame' per
oS cond, each fram b il1O' tationar
for the bri f in tant during which
lirrht i pa ing through it to the
'cr en. Ob iou ly, th n, th ynchro
niz'd picture and ound l' cord can
not b adjacent on the film. In pra 
tice h yare pa d about fift en
inch apart along the film, thereby
allo\ ing for a ' loop" to take up the
intermittent lack b been them.
1 chanical filt rs are u cd in the

drive to in ure an e'tr me uniform
ity of motion pa t the photo-electric
cell slit.

'1'h 1 ctricu.l impul s btain d
from the photo-electric c 11 are ex
tremely Sll1all in amplitud . tw 
. tage r i tanc -coupled amplifier i
ordinarily 11' 'ar,v to bring th m
up to an nerg 1 vIc mparabl
with that obtained directly from the
elcctrornagn tic pickup u ed in th
di c m thod of reproducing. On a -

betw en full han mi ion and total
extinction of the light. in th
ca e of the n n lamp, the degr e
of modulation of the 1 rr cell i

ntially ind pendent of frequency,
but in the 1'1' cell the degree of
modulation i proportional to a
'Cosine function of th amplitude
which, obviou 'ly, limit the u eful
nc's of this device.

In ull thr meth d of opLic l
recording th nominal effe bve timc
of eJo..'}lo ure i about 1/1 000 s c
ond, corr p nding to the nominal
film p d of nin ty f t P I' minute.
Thi In ans that m dullltion of the
,"'cord at fr qu ncy of 1 ,000
cycles or hi her would b nil with
au incr a ingl better modulation as
we go blow 1 ,00 cy 'le '. In th
workable audio range, however, th
modul tion is ati factory, or can
be made so by th u e of qualizers.

, 'he tcchniqu of tudio r ·cording
f Ilow' along the g II ral line pre
viou ly d ·crlbcd. "h respons of
th veral tudio mlcl'ophon ,
propcrly mi d, are amplifi d uf
fi i ntly to prate whi hev I' t P
of l' cording d vi i u d. In g n
eral two parate film rec I'd are
made, one for th sound and on for
the photography. Thi permit a dif
ferent technique of d v lopment for
the two film , which is ry d iraLl.
'ynchroniz bon i accomplish d by

an interlocking 1 trical drive ys
te1l1, which contain' me h nical fil
t l' in the drive of the ound film to
maintain a con tant and uniform
raL> of trav 1 pa't th exp U1' lit.

It i customary in Loth di c or
photographic l' cordin cr to mak two
i Icuti 'al ound r cord and ub 'e
qu lltly to choo e th' b,tter for
printing th reI a d po ·iti films

l' pr paring th playing l' cord .
The optical ound I' cord, a print d
on th film ent ut to the theat r ,
ak th forill of a trip about one
ighth of an inch wid alonO' on id
f the picture. The picture and the

sound trip are print d s parately
on the po itiv film, th pac oc u
pi d by one bing hi Id d fr III tlw
light whil printing Lh other.

reat care mu t be taken in
electing both th p_sitive and ne a

ti e raw £1m stock to be used in
ound picture work. ny irregular-

ities in the transpar n y of th film
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th General Radio ompany an-
nounc a en itive ignal r lay. Thi
iustrum nt, the Type 4 1 Relay i
illu trated in igure 1. permanent
hoI' e hoe magnet provide the fi Id
and form a protectin hield about
the coil and l' ed. The coil i m unt d
about mid\ ay of the id of th
magn t and the reed fixed n ar the
toe. The distance from the center
of the pole to the point where the
reed is ecured i 2:t.4 inche. The
ontad with adju ting crew com

pI t th in. trum llt. .\n unu ual
feature of thi relay i
the di tance between
the pole piece -0.47
inch . Thi wide ep
aration provide a uni
form field in the region
through which the reed
mov . The ffect of
thi i to make the ad
ju tm nt of the reed to
th neutral po ition
I critical.

In operation the ad
ju ting crew, which
det rmin both the po-
ition of the reed in the

6 Id and it travel, are
adju ted 0 that the FIG RE 1

l' ed take up the neu
tral po ition in the
field. The location of
the neutral po ition
will hift omewhat a
a reult of an average
current in the coil, and

in the ea'e of hi h P ed ignal of
con iderable iuten it T thi hift
llIay be comp ratively lar e. \Yith
the I' ed in th u utral po ition a
ignal (which rnav for CODY ill nce

be uppli d by an int rrupter) i
impre d on the I' lay coil. 'I h
c ntact of the coil ar adj u ted 0

that the I' ed trike v nl r without
chattcr on eith I' i 1. Th'i' adju t
ment may be mad with a ounder
bu it can b gr atly facilita d by
m an of a yi unl typ 0 cillo
graph.

The minimum operating CUlT n of
tIl(' Typ -1, 1 Re
lay i on milliam-

p -f' . in th i nal circuit and i ill
foll \\ impul e of fr queneie a high
11~ 1:2.') 'yclc per eeond. The tung
"ten contact point· will br ak one
alllpef' without burning.

.-\ relay of thi type ha m ny UC'

in the laboratory a well a' in the
cOll1mercial communication fi ld. Th
high n: itivity attained permit the
lhe of th Type 4 1 Relay with lit
tle amplification for the actuation of
chron graph from time ignal,
ignnl recorder, or other apparatus

II here remot control by mean of
rat! io. arri r or 10 -frequency cur
1'( lit illlpul . i de ired. Rectification
i . of cour e required where the im
}luI - ('urrcnt i of high frequency.

Thc m hanical im
plicity and ru gedne
of the rela • particular
ly recommend it for
u e where little atten
tion can be given to the
npparatu .

The operation of the
I' lay is be t iUu tra
ted by a few 0 cillo
gram. The 0 cillo
gram of Figure 1 to
9 were taken on a
tring 0 cillograph, u 

ing the recently devel
oped double tring
holder which permits
imultaneou viewing

of the current in both
the coil and the contact
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oncl IlJ art hall' that the horter
trayel tim wa about 0.0 2 econd
and the Ion l' about 0.00 condo
The dilferenc in tim indica th t
the I' d wa" not cxactly in the n u
tral po ition nd had a gr ater re-
toring force on one ide.
It i int l' ting to note that th

hoI' r tim' int I' -nl orre p nd to
a velocit - of about 0.02 mile per
hour, and an aec I ration of about
20 mil p I' hour p l' ccond, or from
. tand till to i ty in hI' econd
withotl II ing the g ftr !

The price of the Type 4 1 Lo\\'
un nt R la i . 30. 0 n t.

ode V ord: OM D.
Dim n ion : 6 x 2 x 1 in he .
WeiO'ht: 21/1 pounds.

FJ RE
(Right l

.Figu rc -I< \1 a:> marl u ing th other
contact 0 that an in I' a:e ill coil
current breaks th ontact. good
I' lay adju~tm nt with both contact
II rkin rimilarly i indicat d. The
~llln' gradual gro\1 th of 'UIT nt a
OCCUlT ·d in .Figur 3 will b ob er d.
Th C ntact :-.tay. OJ n sam time
after the coil 'UlT nt drop '. Thi
III r i~ du to h" um of two elf d .
'irst th 1" d doc' n tart to m v

until thc CUlT n drop to th criti al
\'ltlup; and'c nd th c n ac i· not
mad until th reed ha. tr veled from
contll t t C'ontact, i. '., th op n-cir
cuit p'l'iod includ til tra\' I tim .

FJ Rs

Th clo ed-cir uit p ri d however
(Fi ur' 3) in lude no travel tim.

n thi, particular I' cord the I (r i
'omewhat ex iv, and ug e t
that th ba k on tact i not perf ct
Jy adju. ted a po ibility that other
o~cillogram how t b a fact.

Figur 5 wa made b allowing
the vibrator on th int rrupt l' to
com gradualJ to r t. The ucce
. iy Iy horter int rval a I' intere t
1ll0' m howing how the l' lay win
l' pond to hort imp u 1 e
and rag ed wav form. ~ owhere
d th coil current record an im-
pul not I' ord d in the contact
circuit. Th light chatt rin
cau ed by irr rrulariti in the coil
CUlT nt ar int I' ting.

Fig-ul' 6 and 7 are for a higher
fr quen y of . ignal impul . Both
o 'cillogram are for th front or
cia. cd-circuit ontaet. 0 chatter
ing or bouncing i indicated, Yen
with the relay p eded up.

PI RE
lLeft

FIGURE 2

circuit. . Th . 0 cillo'ram arc all ar
rang d with the coil curl' nt at the
top and time pI' ceeding from I ft
to riO'ht. Th z 1'0 current lin are
at the boltom. The timing line on
th film mark O. -!!- cond inter\' I .
Figur .. hO\I. th ffect of a very
badly adju -ted I' lay. he effects
of chatt ring and bouncilJO' are v'ry
mark d. 'l'h l' lay fail entirely

n man)' impul or contra t,
Figur 3h w a well adju ted
l' lay. firm con ac without any
tr c of houn i· mad on a 11
thro\ of th I' d. Th trac f the
coil CUlT nt how plainl the grad
ual building up du to th indudanc
of th coil. Th cont ct current
'how no change until the oil ur

I' nt l' nch a critical alu', then
1'1 almo~t t onc to it. final \. III .
Thl' ff ct i to give a harp I' i"nal

on th contact ide than on the coil
ide. Thi· would n t normally hold

tru in ign I circuit wh re the in
ductanc f in trum nt. would low
down the growth and d cay of cur
rent. u h ff may be minimized
by means of cond nsers properly
placed. The important fact in con
nection with the rela 'i that it- ac
tion i quicker than the normal
growth of current in the cir uit. Th
impul c on th contact id i light
ly long I' than that on th coil id
due to the fact that the contact cur
l' nt I' main at full value until th
coil current ha~ d Ily d to critical
valu fOl' th relay at thi. adju t
m nt. Til t ndency of th COl tact
to . tick clo: d i plainly -hown by
the fact that the urrent I' quired to
hol(l the contact clos d i I than
that l' quir 'II to clo e it.

.-.-.-.-----
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TYPE 5'4 OlT OE DIVIDER

XXXX Xx

x X XXXXXX

Coil for
389 and 489

to triction
illato~

5 7.5 10 15 20 30 40 50

x indicate coil ma ith
rod of thi fr quency.

x. o

• indicate be t coil for u e
at corre pondin frequency.

It will be noted that oil 9-B
and 3 9-D together cover the entire
ranlJ'e although not alway with
optimum efficiency.

The e coil a emblie carry a net
pric of 30.00 each.

oil Fr~quency -Kilocycle. per St"cond

389·8

3 9·A

'I he n ral Radio ompany has
tandardiz d a rie of coil to be

u I \\ ith ith l' of the Type 3 9
or 4- 9 Pi rce ~ Ia neto trielion 0 
cillator. The e coil are de igned
to be ued with ~ -inch nichrome
rod' Coy rin the frequency range
from 5 000 to 50 000 cycl . Their
applicability i indicated in the
. chedul blow.

3 g.( X XXX XXX X

3 9·D XXX XXX X

9 tep of 1 000 ohm each
9 t P of 100 ohm each

10 tep of 10 ohm each

th r l' ·i ·tance valu may be
made to pecial order.

which enaul . a convenient direct et
ting of the voltage ratio from 0.001
to 1.000 in tep of 0.001. By u inlJ'
an xternal re i tance of 90.000
ohm in erie with the input termi
nal of the in trument the voltage
ratio may b adju ted from 0.0001
to 0.1 in tep of 0.0001, etc.

The Typ 5;3-:\< Yoltag Divider i
mount d in a walnut cabinet 22 x
91/ 2 x 4 in h and i~ provided with
a du t cover. Th I' i tanc unit
are wound to be non-r active and are
adju ted to a pI' ci ion of 0.1 %.

The net price of thi in trument
R embled with a total l' i ance of
1 000 ohm 1 5.00.

It will be noted that thi divid r
afford on common input and out
put t rminal.

The Genera adio Companv.ha
d vel oped uch a thre d cade voltag
divider known a the T pe 55'! -olt
aO'e Di id l' which i hown in the
illu tration. Thi ha a total re i t
anc of 10.000 ohm ubdivided into

Three-D cade olta e
Di id r

In laboratory procedure it i fre
qu ntly de irable to 'ubdivide a volt
age with a greater preci ion than i
po ible u ing a ingle-di I type of
divid r, Thi may, of cour e, be ac
compli hed by u ing two thr e-decade
re i tance bO'e of appropriate
range joined in serie , uch an
arrangem nt require the econd bo,'
to be et at the "complementary'
reading whenever the fir t box i
varied, if the total re i tance of the
divid r i to remain con tant which
at be t i a bother om procedure.
Thi incomenience may be eliminated
by operating t e lal 0 e two re- .

i tance bo e in pair but in a re
ver ene, and arranlJ'ing the
circuit a' 'hown in igure 10. Here
the total re i tance of the 'oltag
divider acro the input terminal re
main con tant, while a fraction 0

th drop along it i taken off at the
output terminal .

If the re i tance dial are pro r ,,
ive d cade the in -trument will giv

a dir cl r 'ading of the voltage ratio
in three ignificant figure. For in
tance, in Figure 10 the dial are
hown et to lJ'ive a voltage ratio of

0.8 . \ ith thi , as with an. non-
comp n at d volta e divider the
calibrati n in voltage attenuation i
valid only when no current i drawn
from the output terminal. he at
tenuation of uch a multiple-dial
divider mu t obviou ly be given in
voltag r tio , that i in a linear r 
lation. alibration in decibel a
logarithmic relation, i not po ible.
However the attenuation in decibel
• \ may be determined dir elly from
the volta e ratio. R by mean of the
equation:

. = 20 10lJ'1 R

DI GR ~(FOR TYPE "54 VOLT Of! 01 IDERFlG RE 10. WIRIN

10 100 1000

The xperinlenter to
Ha e a e Editor

tarting with the next i ue the
XPEII.IME."TER will have for it di-

or, John D. rawford who joined
our Engineering Departm nt on
F bruary 1. He i a graduate of
the :.\Ia achu ett In titute of Tech
nology and for the pa t two y ar.
ha b en istant ~fanaging cli
tor of The T ·chnology Review.
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FIG RE 11
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FIGURE 13

haracteri ti ur e
of Fill r

ume th t we have a rIe of
ingle- ction low-pa filt I" having

diff r nt value for cut-off frequency
and iterative impedance but l:on
-tructed with a iven typ of indu t
ance unit. A ingle cune may then
be u ed to repre ent with a good
approximation the attenuation har
aet ri tic of any on of th e filt 1'8

proYiding \ e plot att nuation a
orrlinat and the ratio of th cor
re ponding frequency to th th oreti
cal cut-off frequency a ab ci ae.

Lik wi e, a ingle curve may repre
nt th characteristic of a serie

of high-pa filter. Thi i illu-
hated in the figure which how
both the low-pa and high-pa
characteri tic for a ingle ection of
filter working b tween a generator
and a load each havin a the imped
ance of the filter. The low-pa
ection are of the n-type con i t-

ing of on rie (inductive) and two
hunt (capacitive) element, while

the high-pa eetion are of the
T-type, compri ing two erie (ca
pacitive) and one hunt (inductive)
element.

e not that at the theoretical
cut-off frequency either the high
pa or the low-pa type pre ents
an a t nuation of about 3 decibels.

If a numb l' of id ntical section
be j in d in eries, the attenuation
of the re ulting multi ection filter at
any fr quenc will be approximately
that of a ingle ection multiplied
by the number of eetion.

Direct
apacity
.7 mmf.

-.06 mmf.
3. 1 nun!.

p
G-F
F-P

hunted aero the tandard con-
den er. Th grid-plate capacity i
eonn t d aero th null indicator
and do not aff t th m a urement,
inc ther i· no voltag aero it at

balan . Th third capaeit (plate
filam nt) i hun d aero one of
the l' itance arm-of the bridge
aod may b comp n-atcd for by the
readju tment of the pow r-fa tor
carr cion conden cr. The capacity
a meaur d with thi circuit i ,
therefore, th dir t capaeit b
twe n th elem 11t .

The following fi O'Ul'e are illu tra
tive of the ntlue' of capacity a
mea ur d by til ordinal' method
and th dir ct capacity.

Between Total
apacitlJ

10.6 mmf.
6. 5 mmf.
6.4 mmf.

FIGURE 12

CIRCUlT OF THE TYPB J J·A BRIDGB MODI.
FIED FOR MEA URING DIRECT CAPACITY

liC th dir t 111 a urem nt i
often need d th T'p 3 3- Brid
will b' provided with a terminal for
the conn etion of the third elem nt
a -tandard on truction.

The chan e can b made on
brid e pI' vi u I manufactured at
a co't of 5.0.

The chan e on i t of an addi
tional terminal 0 placed that the
thr e-plug plat upplied with the
bridge will make the connection to
th third 1 ment. If the filam nt
mu t b k pt hot i. e. is connect d
to a batt ry or a particular termi
nal mu b k pt at ground poten
tial for any 0 h r l' a on, it will be
po ible to mak connection to the
third bridg t rminal by mean of
the thr e plu plat for only one
of th two po ible mea urement .
~\. fle'ibl lead ma then be u cd for
connection to th 'third bridge term
inal.

GF=

(Apparent)

the ymhol indi ating dir ct capaci
ty exc pt wh re apparent apaciti
ar p ifi d. imilar quation may
b writt n for the capacit between
any pair of terminal and the direct
capa iti may b computed from the
thre m a ur d capaciti ..

Th computation may b avoid d,
and th direct capacitie m a ured,
h . mean. of a impl modifi ation of
a tandard bridge circuit. he third
el m nt i brought to the junction
point of th bridae arm. The bridge
circuit with thi conn etion in plac
i ho\ n in Figure 12.

The bridge circuit in the figure i.
that of the General Radio ype 3 3
Bridge, in which the unknown is
shunted acro a calibrated variable
capacity, and the circuit balanced
again t a fixed capacity before and
after the addition of the unknown.
In Figure 12 it will be een that the
direct capacity between terminal
(e. g. grid-filament capacity) i

F

p

dir et capacity plu the capacity to
th· third lem nt. R f rrin to
Figure 11, the m ( ured grid-filam nt
capacity con i t of th capacit

GF and in addition GP and PF in
1"1 " or

ea urem nt ofDi~ t
apa ity

In the d -iO'n of vacuum-tub cir
cuit - it i ometime nece ar to di 
tinguih between th capacity a
m aured betwe 11 two tub terminal
and th direc L pa it b w n
the dem nts. Th capacity a m a 
ur d het" n terminal include the
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of a I' Yolution p I' hour, and th tim J' >quir d to COlll

p1 t on reyolution i 24> hour. Fr qu ncy, then i.
d termined when the time interval is determined, and

what i' more important, the
tandardization of a time inter

\ al at the arne time e tabli he'
a t udard f frequ ncy. Th
two cone pt ar practically
ynouymou .

Yarious y tern for the tand
ardizing of a tim inter al han
be n propo ed among them
'ome ba. ed upon the v locity of
propagation of light in space,
but th one O'enerally u ed d 
P nd· upon the hi h degree of
uniformity in th rate of th·
earth, rotation upon it a. i..
It i· arO'ued that, theor tically
at lea t, th rate of rotation
ean chang from th effect of
fri ·tion and va.riation in th
arth' mom 'nt of inertia, but

the probahl d >viation from ab
o olute uniformity i aid to b·

negliO'ibl '. ev n 0\ I' a p ri d of a thou and centuril' .
rranting the posibility of It variation th fact remain

that the earth i a timekeeper many many time mol'
reliable than the be't man-built clock. The length 0

the olar Day a.' determined by the time b tw n ue
ee'ive tr, 11 ,it· 0 the un a 1'0 th meridian of the ob-
ener, h nO' from duy to day and for veryday civil

II and for all non-a tronomicalcicntific " ork a" well,
th tandard interval is the. I an olar Day, the an~ragl:

01' mean of th I ngth of all th olar Day' in the y a 1'.

The eond i a 1/ 6400th part of it.

~READER~kel' to find th
.L7 ubj ct of frequ ncy determina
tion rather complicated unle he
ha an appr ciation of the author'
point of i w. Thi article, althou It
complete in it elf, is the introduc·
ti n for aeries whi h will discu
the General Radio Company's at·
tack upon the probl m of standard·
ization and preci e det rminatiolt of
frequenc '. In addition to e tabli h·
ing a definite point of vi t the pr 
ent articl i general enough to
enable one to fit into the pi ture th
t:arioll y tems that hare been pro-
10. ed and are TWit! i,~ u e.

Ur. lapp, a member of Gen ral
Radio's Engineering Department,
t{'(l the author (t -ith L. 1. Hull) of
the papl'r on " econdary Frequency

landard ' appearing in Ihl' February
Pro eding~ of the I. R. '

~ E ne d be only a caual I' ad r of current radio
lit'l'ature to know that the preci ion d t rmina
tion of frequ n y i a mo~t important ngineer

ing probl m. '1 he O'rowing co
nomic political and cial i
nificance of all radio chann I i
requirinO' an increa ingly pre
ci - di tribution of n'ice' ov r
th u eful frequ nci of th
..p etrum. All' ady the Federal
Radio ommi ion requir that
the broadca tin tation' car
rier fr quency at the high-fre
qu Dey nd of the band be main
tained within thr e pllrt- in
10,000 and one of the con tant
ly-repeatcd sugg tion to th
'oIIllIlis 'ion for the elimination

of all h terodyne int rf'renee
would, if put into eff ct, l' due
that tol rance t nfold. What
i more, the problem i inter
national, which mean that every
rlldio-u ing nation mu t, in ad
dition to u iner preei e method
of fr flU ney determination maintain it I'Ql'king taml
ard of frequency in Ilgl' 'm nt with tho of the oth l' .

It will b h Ipfn] to an under tanding of what follo\\'"
to realize tl at th preci e determination of frequency i ,

. ntial/y, the precie determination of a tim int nul.
For xampl ,the f n:qll Hey of a cOlllIl1ercial} ow l' . upply
may be 60 cycle pI'S cond, and the time l' qui red to
complde Il cycle i' 1 GOth of a eeond; th fl' qu ney of a
clock' cond hand iI/60th of a reyoluti n p recond.
and til time)' qui red to complrte ne r Yolution i 60
('('ond ; th rotational fn·C)u ney of th rarth i 1 2-:1-th
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ASTRONOMICAL CONSTANT0°"6 fREQUEN~

SOURCErcWOf;>I(INC.ST,t,NDMOJil

STANDARD

"'"
TIMING CONVERSION USEFUL

TIME -
INTERVAL

EQUIPMENT E.QUIPMENT OUTPUT

Any of th ma b u ed U a working -tandaI'd; which
one i. eho n i entirely a matter of -y III d ign. By
l'Ilrd'ul c ntrol ch of these may be made to maintain
it fI'equ ncy with littl variation, althouO'h OllIe ar'

II
II any gen 1'801 fr quency-determination tern u h

a the on we ar di u ing her ,ther ar thl' e e n
tinl' which arc hown graphically in the accompan ing
"flow chart (Figur 1). Each of them pre nt a di 
tinct probl m.

Fir t: th rc mu t be provided a nerator who e fr
quencv can be maintained con tant for an indefini
p ri d. '1V rking tandard i a better name for the
ourc in a n rat y t m than th pur 1 l' lativ t nn
'primary' or ' e ondar' tandard. If the timinO' equip

ment directly link the ource with th a tronomical
d t rmination of th ~I an olar Da' thc term (. ond
ary tandard' mi ht be uitabl bu if the ourc w r
tim d a ain t a clock which wa in turn checked a ain t
radio tim ignal,' tertiary' or om' higher order mi..,ht
h th b tter de criptiY term. \Yorking tUlldard is,
til refore perfectly g n ral and include':

(1) Pendulums
(2) Tuning fork"
(.1) ~Ia<rnctotrietion oscillators
en Pi 'Z - >lctric 0 cilJators
(5) Vacuum-tub oeillator of ilpecial . n truction

ioh l' ntly mol' eady than oth I' .

econd: th l' mu t b provided a III an of timing the
worJ..inO' 'tandard f l' d t rmining it fr qu n y in term
of th tandard tim inten·al. an op ration which g ner
all ill\'olv countin.., th numb l' of cI completed by
h ,,"orkin tandard durin th interval. "h n the

fr qu nc of th working andard i loll', th count l'
may b a hI' n graph or a
. -nchronou impul motor
and cIo k train conn cted
directly to th tandard
but a high-frequ n tand
arcl may requir an int 1'

mediate frequenc --dividing
link before a counting m ch
ani'm can b convenientl
o erat d.

Th 1 k- rain ounter
i' u ed in xaetly th arne
matlH l' in th timing equip
ment a it i in a time

k pin clock. In the latter i to count th number
of impul e of the pendulum (or balanc wh I) for com
pari on with th numb l' impul counted by a tand
ard clock in th ame int rva1. The hrono"'raph a it
nam implie record raphi ally the impul from the
workinO' tandal'd and a tim tandard for compari on.

A wOTkin'" tandard of high frequency (100 kilocy 1 ,
for 'ampl) could n t operat directl an electro
m hani al counter, and iot rm diatc fr qu ncy-dividing
quipment i , th r for, e nti 1. veral uch cherne

al' in u e but almo t all mak u e of am kind of
g nerator th fundam ntal fr quency of which i' low
nou..,h to operat th oun in'" m hani m. harmonic

of th g nerator i ith l' yn hronized 'th or monitor d
again t the fr qu nc of th w rkin tanda1'd whi hi'
th n kn \l'n to be an integral multiple of th frequency
drivin th ount r. l\Jo:t of the de icc m n ion d in
th n xt etion ar uitabl for u a fr qu n divid l'

a well a frequ n y multipli l' .

Third: once a 'I'orkin tandard ha b n t up and
tim d gain t th tandard tim int ryal th l' l' main the
probl m of del'iYin from it a ufficient numb r of us ful
fr qu nei . It canno b ,p cted to ful'ni,h them all,
but nough hould b ayailabl to mak po ibl ac urate
intC'rpola ion.. Thi may be accompli h d by fr qu DCy
llIultipli l' and diyider. of Y ral kind : ome ar cap ble
of holdin<t th melv in. ynchroni'm and oth r l' quir>
manual monitorin . Th list ofuitable d yi c include :

(1) f chanical ill thods
(oB) Quie cent harmonic amplifier'
(.) Cantrall d di torted-wIlY a nerator

(a) R laxation 0 ciliataI"
(i) eon tub
(ii) Multivibrators

(b) acuum-tuh o~cillators

.1' ce saril limited by iz and peed me IHtnicll1
U yi ar mo t u ful at omparativ ly low fr qucneie.

(Continucd on page 4)

RE LAOFl

iff ring om what from thi i th idereal Day whi h
th a tronomer defin a th interval b twe n two ucce-
iye tran it of a particular (fixed tar' cro hi

m ridian. 'h 1 n th of th f an olar Day bear an
almo t con tant ratio to th 1 n th of hider al Da
and ina much a' the f I'm l' i an "era e no u c ptibl
to m a urem nt, all ob natori ch k their clock
and radio and tel O'raphic
tran mi' ion of im ignal
a <yain t a tronorIDcal deter
mination of the id l' al
Day.

ha already b en
pointed out, the univ I' al
aec plan e of the Mean
~ olar Day a the tandard
tim int rval e tabli he the
rotational frequenc of th
Ulrth a thc primary tand
ard of frequ ncy
(1 400th of a revolution
P l' eond) in t I'm of whi h all 0 h l' fr qu n i mu t
be e 'pr d. But the fr qu ncy of thi primary tand
< 1'(1 i 0 I' mote from any of th fr quenci encountered
in ommulli ation' en ineerin that an int rmediat or
workin tandard i not onl dirable but e ential. It
i' the dey lopment of thi working tandard with a m hod
of d riving from it all fr qu nci nece ary for u eful
pm'po that coo ti ut . th o-call d fr qu nc d t r
mination problem.
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A Better Frequency Me er
for the Amateur

fr 'qu 'llC: indicated by th· J1l t l' miO'ht b eOll id rably
in error bl:cau of thc mutual I' '1\(' ion of th ill t l' cir
uit and the 0 ciliataI' upon each other. The frequency

metcr could be made to O'i\- pr ci l' adinO' but it had
to be handl d with car .

In ord I' to impro\'e upon II' amateur-band frcquency
metcr and mak . it en -i l' f l' th Il n profe ional u er to
obtain high preci ion without in uny way affecting it
utility, the re 'onance indicator ha been eutir ly removed
from th in rument. Thi requir that orne indirect
m -thad of indicating re.onanc be ued but a numb l' 0

method are available that are extremelv n itive and
I av littl to b de ir d in preci ion. .

The bet known of th i the o-called pIal -1' action
method. ,Yith looe coupling b w n th a cillator and
the coil of the fr qu ncy meter th plate-current meter
of the 0 cillator ,\ ill 'ki k" a th fr quenc ··m tel' circuit
pa" throu h l' onanc. 'ith om cilIator' the
current will incr a e, in other' it will d crea e, but the
kickinO' point cun u ually b picked out with little diffi·
cult and with much 100 '1' coupling than would be ne ded
to operate a Jl 'on indicator. It may \\ell be emphaized
that a plate-current n\('l'r i not ab 'olut Iy n ce 'ary in
u inO' thi m thad. A fia hliah bulb of the proper 'ize
may b u xl, and, e. p(' iall." whcn th filament i bia ed
\\ith an xt rnal battery it i highl~·en·itive to 'mall
chan'e in the lllaU'nitud· of the plate CUlT -uL

The mllhod r 'comm ndcd for u \\ h 'revel' it i po ible
(it alway' i po ibl in th· lllllat ur station) make ue
of a monitor h·t l' dvn' 0 cillator. Althou h e minO'lv• b.

the III ·thod i little u Td out ide the collcO' and comm 1'-b

cial laboratori· it i one that de I've to be bctt r known
alIlong amatenr.. (. "'h eking Tone and' 'avelength
of Tran.mitter" by J ame 1\... 'Ia.pp Q T, D mber,
H):..6.) iog the fundamental or a harmonic of the
o cillatin cr receiving ct a the monitor, to b at with the
fuudam ntal or a harmonic of th ran mittel' th fre-

('0 11 ti 1111 d Oil page ~)

FIG RE 3,
E CH I '.
,TR ME T
1 INOIVIOL·
ALLY CALI·

BR TED

EFOH.' the amateur band" mad n c 'ary by th
\\'ahington onv'ntion of the International
Radio TeleO'raph onferenc w n into ffe(·t la t

,Jantla)" wav'm ·ter or fr qu 'ucy meter' were not the
aholute nece.itie that they ar' toda). ,Yi h nol-too
tol rant comm -rial and military en ic . in adjac nt
chann.J. . n'ice· that ar th m. Iv:' l' ·quired to hold
']0. "y to th 'ir a . jO'l1ed fr -qu nei·', it i little wonder
that inerea d official rmpha. i i bing laid upon th
ne'e ity of the amateur' ke ping within bound~,

llplilizing til c; it . ior '1 ell an in TIll1wnt tIll'
7 nrral RadIO 'ompan: la ·t .July brought out the TYPE

,).)' muteur-B. nd 'Yav 1Il tel' in , hich the accurac: of
calibration wa O.2l5 ~o 0\ l' all five of th hi h-frequcncy
bamL. By th ue of a tunin cr eondem; rd· 'iO'lled lo
preac1 the band over the whol 1 0 degre 0 the dial

and by th addition of a. peciall: con tnl 'h·d n 'on-tubl'
J"l' onanc indicator, an In trument capabl of unu ually
pr ci - work wa' provided for the am teur. Later on
tli 1I1·t '1'. w l' calil ruted in fr quenc)' in tead of wave
Ipngth and h' official title wa chanO'ed to '~\.Jllat ur
Band Frequ ncy .Meter."

:Many u 1', in peri nc I in makin a frequency
III a ur m nt upon an 0 cillator, failed to ob l' e th one
rule that mut b followed when th' met l' circuit contains
a ronanc indicator: the coupliu cr b b\ nth 0 cillator
and the m t l' lIlUt b k P v ry loo~e. n many low
pow 'I' 'd tran mitt r. 100. coupling could not b 1Il de to
give an energy tran·f 'I' .ufficient 0 light th neon indi
cator. The conpling w uld th n be tiO'htened, but the
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where they cun b mad to perform ati fa torily. Most
of th mare "YIl h1'onou moto1'-driv n one-gen rator
y'tem and ar; capabl of being dined to give nearly

any ratio of motor to nerator fr quency.
Til harll10nic amplifier is de 'ign d to di,tort the wa" 

form of an alt matinO' v Itag imprC' d upon it input,
a a result f which harmonic of the impr ed olta e
app ar in the output ·ircuit. IL ]Ia he advantage of
bein quie'c nt· that i to ay wh n the applied volta e
i removed, no voltage of any f1' quency app ar in the
output; th only po ible output fr qu ncie are, there
fore, alway integral multipI of th applied frequency.

n non-lin ar vacuum-tub amplifier i a harmonic
amplifier, at 1 a t to a certain xtent.

ReIn ation 0 cillator utilize itl er the 'ut-off" 01'

the ne ative r' i tance charaeteri tic of uch device a
neon tub carbon ar ,and the u ual form of vacuum
tubes to u tain 0 cillation in a circuit compri ing a
dir ct- unent ource, re i tan e , and conden er. The
output of uch 0 cillator i rich in harmonic. If a
econd 0 cillation of high l' frequenc be inj ct d into

the circuit, th relaxation 0 cillation maya ume a fr
u ncy which i a ubmultiple of the injected frequency.
Although th n on tube i. impl t, it control by the

injected volta i not a table a that obtain·d from the
multivibrator. The control of a multivibrator i not
affe t d by variation in th maO'nitud or fr queucy of
the inje ed voltage or the applied volta e on the tube
ov l' rea onabl wide rang . Thi inh l' nt tabilit of
the . tem, together with the comparativ ly lar e output
it i capable of d livering make it an e cell nt frequency
com'ert l' for a multiplying or a di idinO' ,t m.

By overloading, th output way form of a vacuum
tub 0 ciUator may be di,torted to produce a l' lativcly
lara numb r of harmonic, th~tt i mayalso e op rat d
a a frequency multipli r or divid r und l' h ontrol of
un inj e L volt 0' • ho\l' v l' the control i Ie table
than that obtained in ither type of relaxation 0 cillator
pre"iousl . m ntion d.

The practical importance of the ytem outlined above
may be ummariz d by 'tatin that ach i capable of
bing operat d in uch a manner a to deri" by fr quency
divi ion, from a hicrh-fr quenc. working t, ndard low l'
fregu ncie" ,,,hieh ar uitable for operating a counting
mechani Ill. Furth 1', clue to th larue number of harmonic
frequ Dci ill the utput, it i P rfectl~ fea ible to com
bine the function of th cony l' ion equipmC'nt with tho e
of the timinO' . y t Ill, in a inal a emblr, by frequency
l11ultipl ication.

III
Th forl'goinO' utline Ita nc'c' arily been brief, but it

ha emph, iz d 1110 't of the fundam -ntal concept involv d
in fregu ncy mea ur ment. Here it may well be pointed

out again that the y tem under di cu sion ha been a
perf etly r 'U ral k'l Lon upon which the clem nt of
xi ting and proposed . y. tem may h drap d for a y

da 'ification. ~10 t of the important ystem clement
ha"e b n m -ntiOD d for the purpo e of hOI ing how th y
fit into the complet tructur, but for detail d informa
tion on :p cinc 'tem the reader i, l' f 1'1' d to the
pap r' and bihliographi appearin in the Am ri an and
forei n technical periodical (the Proceeding of the
I. R. E. in particular).

A Better Frequency Meter
for the Amateur

( onclllcled from page 3)

qu nc m l' i· next coupl d rather 100 ely to it. A' the
frequency m tel' dial i wun pa t the frequenc of the
tran mittel' a change in the pitch of th b at note can b
heard in th t lephon l' c iver. The couplin b tw n
the tran mittel' and the fr qu ncy m tel' i th n loo n d
until th ariation in the b at not b com almo t in
audible. The ettin of th frequ ncy m t l' at, hi h th
b at not chang in pit h i th fr quency of the traw
mitter. "' ith thi method it i' po ible to check th
meter again t tandard fr uency tran mi ion from 'uch
a tation a \' Y.

Thi rai the que tioo 0 the a' 'urac of the TYPE

55 -P Fr qu nc det I' (the type number or the new
meter without a n on indicator). It 'alibration in the
laboratory i made to within O. 5% but h w long that
accurac' can be maintain d d pends in large mea ure
upon the tr atm nt that th in trum nt rive. The
TYPE ..' 4 Pr ci ion FI' gu n)' 1 tel' co ting ten tim
a much a the r:ryrE 5 -P Ideri calibrated with the
ame accura y hut it will retain that calibration

longer and, b cau. of i micrometer cal, be capaLI
of a mol' preci e ' tting than th little fellow. 'l'he TYPE
55 -I M tel' i careful!. pack d before hipm nt, and,
if it i not roughl, handlecl or Ilbj ed to extreme in
temp 1', ture, the original alibrationhould hold do ely.
~ven the alibl'ation of the preci ion frequ ncy meter

i guaranteed for only ix month . and it follows tha
the Ie turd. amateur-band frequency m tel' should be
h cked by ref l' nc to the tandard frequ n tran. -

mi sion or l' turned to the yeneral Radio Company for
recalibration at I a t that often.

Ther a1' fh- coupl ing indu ·tor f our of which ar
wound on bakelite tubing thread d to in ure that the
pacing h tW( Il turn remain fixe 1. The 5-mcter in

du -tor i' a imple loop of heavy bra" rod. The TYI'E

55 -P Frequen y l\f t l' i hipped in a trong packing
a e, in addition to th Lorage bo suppli d with the

in hum nt. 'nch one i individually caJibrat d to with
in 0._.5%.

It price i .'1 ,00, . '2.00 les than th old Tn'E 55,
_-eon-Tuh :.\1 ,t '1'. The code" ord i.. WO~L\X.
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A New Frequency Standard
ByJAME

REQ E J Y, like other phy 'ical quantitie, is
mea'ured by comparing th unknown with a tand
ard who e alue ho.' been tablished either ab 0-

lutely or arbitrarily b gen 1'0.1 agreement. We mea ure
Icngth with a ard tick which ha been compared by
m an of many interm diate 'mea ur ments' with the
1 ngth of a certain bar recognized as the international
s andard. imilarly, we may maul' frequ ncy by com
paring the unknown ignal with one from a pi zo- 1 ctric
o cillator, let u a, which is our tandard. If we were
to inquir how the frequency of th tandard wa deter
min d we hould probably find that it wa purcha cd from
a manufacturer who compared it with a more accurate
tandard which he, in turn, had ompar d with anoth r,
till more accurate.

~. CLAPP

It is unn ce ary to trace further th frequency stand
ardizing qu nce in order to und rstaud why th G n
eral Radio Compau i intere -ted in the problem of ·tand
ardization and the pre i'e d termination of frequen 'j'. \.'

a manufacturer of piez - lectric and magn to triction 0 '

ciliator and tun d-circuit £1' qu DCy met l' it i call 'u
upon to upply th in trument alibrated with an in
crea ing d 'TC of pr cision, larg ly beau e of the pre 
sure bing exerted upon all radio ervices to stay within
their a signed chann 1, Although the laboro.tor tand
ard u ed by General Radio i uffici ntly accurate for all
pre ent needs, the po ibility that even greater precision
of calibration might b rcquired made d irable a search
for omething better.

'I he r quir ment for G n 1'0.1 Radio' own freql1 llC

THE TWO- TAGE M LT!

VIBRATOR AND TIMING

AMPLlFIER FOR THE NEW

FREQUE CY· DETER MI.

AnON EQ IPME T

FIG RE t. (LEFT)

(RtGIi.T) FIG RE~.
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. tandard ar e'sentially h am a tho for any lab
orator that intere t it elf in the preci e mca 'ur ment
of all fr quencic. A few of the mo t impor ant con id ra
tion are:

(1) It mu t bc oml' ct. pac is u. nally at a pI' -
mmm.

(2) It lIould b po ·iLl to ch ·ck regularly the fre
quency of the tandard without tran porting it to ollle
other laboratory for compari on.

(3) lean hould be proyid d for obtainin cr from the
tandard a large number of frequcncie in all part of th

communi ation frequency p c rum. For in-tance the
G n ral Radio calibration lab-
oratory i often called upon to
III a ur in ucce ion a wide va
ri ty of fr quenci .: a fr qu n
cy m tel' for hort wave, a
pl zo-el tric cry tal for a
broadcasting tation monitor,
and the r d of an airplane bea
con indicator (60 or 0 cycJ ),
for example.

(oj.) It hould be ru ged, re
liable, and inexpen iYe, and be
('apabi of apr ci ion of at lea t
one part in a million.

Before de cribin th ncw frequ n . d t rmina ion
quipment let u l' f l' to the writer' di cu ion of a

g n ralized fr quen y de ermination rtcm which ap
p red in the xr .RIdE -TER for :.\Iarch. There it wa
pointed out that allY uch tem fiU t con i,t of thre
ba ie 1 m nt'. The principal m thod a\'c ilable for u
in aeh of the e were Ii t d and an ou line chart of a
<7<:11eral y tem wa drawn up.

Thi i her rq rodue d a Fi ure 3. It how a work
ing tand rd or ourc of cou'tant fr qu nc , a m hod
of countin the numb l' of o'cil1ation e eeuted b the
tandard ov l' a Ion time inten-al and a m thod of de

ri ing from the workin cr tandard directly or by mean of
a imple auxiliary a ufficient numb l' of u~ ul frequ n-
CI •

The arti Ie al 0 pointed out that the frequenc mea
ur m ut probi m i e cntially on of mea uring a time
inter al and that th tandard time inter al (and th re
for, th tandard of frequcncy) i th ?I1ean olar Da

of II hi h the, ccond i. It 1 G,400th part. In an di
cu' ion of frequency mea.urel1l'nts, thi. conc pt cannot
b 0\' rempha ized, f l' if, by 'ome mean the number
of 0 cillation of a contant-freqll Ilc)' gen rator in It

O'iven tim Le counted thl'U Lhe fr qu ncy or numb l' of
a cillal ion' pCI' , cond can he (let nnined.

II

In the pre ent )' telll a piczo- 1 c ric cry. tal-cantrall d
a illator with a fundamental frequ ncy of very nearly
50 kilocycle i mplo)' d a the working ·tandard. Thi.

ocilla or driv a tep-down
frequency converter of the mul
tiyibl'ator type 0 that I\.

~. voltaO' having a fr quenc), on ,-
fiftieth that of tIle working
tandard i available for run-

ning 'ynchronou -motor-driv-
n cIo k. ry tal 0 cillatol'

frequcncy divider and clock
01 ratc can inuou I" and, b
the u e of an a tachment for
comparing the clock time with
radio time ignal, the average
frequcn y of the 'tandard can

be d termined with a high dcgr e of pr ci ion.
e ide driving the clock th fr 'qu ncy divider furn

i he ontinuou Iy a 10 kiloeycl fundam ntal with har
monic up to the 300th a well a a on kilocycl fun la
mental hich aloha a large number of harmonic'.
'l'he 1000-cycle ignal i available through a)ine amplifier
at any point in the laboratory. '1 h qui}>1t1 nt, ther 
for deliv r a larg number of frequencie from one
to 3,000 kilocycl but. what i mot important, aell
fr quen y i known, ith the ame preci ·ion that the fre
qu ncy of the workin tandard i known.

To h w how thi 'tCIll fit· into th <r nernl :"'Len1
outlined in the EXPEllI;\lE,"TER for "rarch, the h~rt of

igul' 4 ha b n drf1.' n up. It will be notic d that both
the timing and the com' r ion of the working- tandard
fr qu nc are provided for by the am - multi\ iLrator .

Figure 4 al 0 call att nti n t the fact that th radio
time iO'nal u ed for timin the working tamlard ar

( oncluded on page J,.)
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An Alternating-Current-Operated
Radio-Frequency Oscillator

Fl , 'RE 6. THE TYPE 5 A.C. PORTABLE R. F. 0 CILLA OR. COIL
ARE PL GGED I TO THE F R J CK T TH RIGHT

A trip mounted on the cabinet top i providrd for tar
ing roil thal ar not bing Us d.

Price 140.00
od Word .. OZO E

A Speaker Filter for the
245-Type Tube

Th TypF, 5 -b Ocillator ha a. provi 'ion f l' injecting
into it plate circuit a modulating voltag from any de
. ;rcd audio-fr quency o'cilIatoI'. A b at-fl'equ ncy 0 eil
lator i uitabl for thi. u .

A milliamllleter i· pro\'ided for indicating the v rage
plat cunen of th 00 cillator tub. It i u eful for how
in when the tube is 0 ·cilluting and, in addition, it rna)'
be u d a" a l' action indicator in adj u ting for l' 0
nance. Terminal' for conn tin a telephone head ct
into lh circuit at a point of low rlldio-frequency potential
hay been provided.

The whole a. embl)' !1lea"ur" 1 inche X 9-1/-l! inch
X 9-1/4 inche and w igh 22-% pound" withou Lube'

or coil. Being light in
wight and relatively in
expen 'ive, it i a hand
addition 0 the equipm nt
of an laboratory. It can
b tor 1 all a helf wh Jl

not in u"e and put into
op ration in only a mo
ment when ne d d. It i~

th ideal laboratory h t 1'

odyne and g nel'al-purpo'e
radio-frequency 0 cilIataI'.

T HE heav)' plate curl' nt required by th tub com
monly mplo 'ed in pow l' amplifier can eriou ly

damaO'e the winding of a p aker through whi -h it flow .
OIlle devi i, therefore, n ce . ary for i olating the

'p aker from the plat ircuit of the output tube. ither
a tran form l' or co-called p aker filt l' can be u. d
for thi purpo .

\\'h n th r produ' l' ha a hi<rh imp dan th filter
mak the mo t economical unit. In C7 n ral it con i t of
it choke coil and conden er combination conn cted a'

hown in Figure l' produc d on pag For be t op-
eration th ('hoke coil hould hay a high impedanc and
the blocking conden er a low imp nnc at all voice fl'e
qu nci '. The lower the frequency, the farther both of
th e mlu d part from the id al '0 that for gooel low
frequ ncy re pon a large choke coil and a large COI1

den er are required.
'- ometim a ction of th blocking eond n r is placed

Price

,'3.00
3.00
3.00
3.00
4.00
4.00
:>.00

.50
4.50

a "f.!ure- ('oil d . igned to have :\

Rang'

20,000 10,000 h.
10.000 37.30 kr.

4,290 1500 h.
I,579-.322 kc.

531 -176 kc.
176 6 kr.

6 -25 kr.
25-10 k '.

1,100-.300 kc.

Coil

Type 3 1

Type 3 I-E
Typ 384-C
Type 381-D
Type 38·1--E
Type 3 :1,-1'
Type 381-G
Typc 3 I-H
Tnw 3 I-D8

The Type 3 4-D ('oil i.
minimum rxtcrnal field.

VERY lnuorator ' ha· need at lea t 0 ca.ionall '
.J for a radio-fr qu 'nco' o· illatol·. .'om' time ago

the Gen ral Radio Compan. di n d and buil
it 1'Yl'E 3 -t O.cillatol' whit'll wh n quipp d wi h plug-in
coil would coyer a wide range of radio frequencie. Thi.,
in trum nt i.. batter. '-operate<l and n es a tube of the 19!)
type. Anoth l' 0 cillator of ey'n gl' ater utility i now
announced. It i' imilar in many way' to the older one
hut it ha a can id rabl grea e1' power output be:'ides
operating from the nO-volt alternating-current upply.

The new quipl11 nt i n irel' elf-contain d xc opt for
the plug-in coil. It makes n e of a 2:,:7-type tube a an
0., ilIa tor and a 201-~-\ type tub' 11' a rectifier in th plate
mltage upply. tran -
former and a 11100thin ~

filter for upplying the fil
ament· of the two tube'
and for the plate volt
age supply of the eilla
tor tub are included.

The fr qu ney range,
uing thetandard TYPE
381< plug-in oil, i from
10 kilocycle to 20 000 kil
ocycle. Tuning i done
with a traight-line wave
1>ngth variable conden er
having a rna. il11um capaci
tance of 500 micromicro-
farad together, ith an auxiliary 50 micromicrofarad con
d n er for fine adju tment. Knowing the type of con
den' r u d and the frequ ncy band coven.'<1 by each coil,
ome id a ahout tll ·itic.alnes· -D£ tuning for each coiL

('an be e timated.
Th following table Ii ting the ('oil ranO'e i taken from

Catalog with the way 1 n th range there Ii ted c n-
vert d into fr quency:



A New Frequency Standard
( oncluded from page ~)

dep ndent upon a tronomical ob l' ation made at th
'twal b rvatory. The ob enatory ch ck the

tim i nal tran mi ion from' for th ir accuracy
and ompare' th'm with tho from BR at Rugby
•ngland and from FYL at Bord au - Franc a·h

month a report i i ucd in which the daily error 111

tran mi . ion i l' ordcd a w II a th re ult of com
pari on with th two abo\' -mentioned for ign tabon.

lthough the tim i nal a han mi ttcd from 1 AA (on
it 113-kiloc cle channel) ha an a\' rag lag from true
time of about .05 cond, h in nonl b,tw n two uc
ceo ive noon-to-noon tran mi 'ion i correct to about
0.005 econd. That i' to ay that on the av rage th
. 4<-hou int rv .1 d fined by th time ignal' i accurate
to within on part in 13 milli n.

The clock u cd in th counting mechani~m of the tim
ing equipment on i t of a Typ .J:11 ynchronou fotor
modified by the addition of a haft carryin<7 a hutt l'
which make one revolution p r condo A n on lamp op
erat d by a time- ignal receiver i mounted b hind the
hutt l' and with verY'r cei" d time dot the lamp fla h .

By m an of a uitable e oe-pi c it i- po ible to com
pare the clock with h time ignal to within 0.005 c
ond. Thi pr ci'ion i a clo approach to the accuracy
of tim ignal tranmi ion 0 that but little further
refin ment in the comparing d >yic i needed at pr ent.
H n ce ary how" 1', other compari on m thod' aIr ad,\'
tried in our laborator may b applied to incr a e the
preci ion of compari on by at lea t five tim .

r qu ncy divi ion i accompli hed by m an of multi
vibrator a cil' uit for which i hown in Fi<7ur 5. Th
multi"ibrator i a relaxation o ciliator who e frequency
i d termined by the value of th conden er, , and the
re i tance R p • The application of a voltag to the grid
of the t trod i lation amplifi l' re ult in an injection
of a volta<7e of the arne fr qu ncy into th multivibrator
circuit and, f l' a ran<7 of valu of th fundamental
frequ n .Y of the lllutivibrator a um di l' et valu
that are ubmultipl " of the control fr qu nc_ and inde-
penden 0" r that rang of In thi onoition, th
fr quency of th \ lllulti\'ibrat rid terlllin d by the fre
quency of the control" It ge.

In the G n 1"1\1 Radio equipment, th .5 -kilocycl work
in tandard contI' 1 a multi\'ibrator ha\'ing a funoa
m ntal frequ n .y of 10 kilo y 'le and thi' multivibrator
conti' I another with a fundam ntal of on kilocycl.
Each multi"ibrator i al 0 a ource of harmonic of it
fundam utal fr guency which xplain' how thi y t III

can furni h 0 man u eful ccurat 1)' d t rmined fr
quenci for calibrati nand oth l' compari 'on work.

lack of pac prcclud' a mol' detailed description
of th 11 W frequ ncy-cletermination quipm nt but the
int re ted r ad r i' ref ned for Illor detail. to I\, paper
by L. ~I. Hull and the author app aring in th February
iue of the Proceeding of the I. R. E.

85 milliampere
40 henry
700 ohm
~ microfarads
6000 ohm
]600 ohm

Price: " .00

SPEAKER

4M~

TIO T

THE GENERAL RADIO ExPERIMENTER

:\Ia illllllll lIrn'nt
Choke ('oj] inductllnee with mtl ·illlUIlI eurn'nt
Direct-current re'i tancc
Blocking conden er
JIllJlctian 'C of choke coil at 25 cycle.
InlJwd:me of hlockinA' condt'n 'cr at 2.3 cyell'

Code Word: F.\YOR

i",ht microfarad in ord l' to have the arne total capaci
tance th t th four-mi rofarad unit now giv . Th
ingle cond 'n 'er ction i , therefore much mol' econom

ical. 'h choke-coil inductanc i 4 h nry with rated
curl' nt flowing.

The THE 5 P aker Filt l' ha b en de igned for
u with r 'produ er' ha\·ing an impedance averaging about
30 0 or .J:O 0 ohm . cla which includ Imo·t all of

peaker that are not of the o-called dynamic type.
twa built primarily for u with a tube of the 2.J.5-t pe,

and it will with tand without damaO' th maximum rat d
plat CUlT nt of on of the tube.

'onnection' can b mad a hown in the diagram or
tll low potential t rminal of the peaker may b on
n cted to th n O'ativ id of the plate yolta upply.

omctim re n rati n occur- in n amplifi r due to
couplin cr in the common plat -upply but it can u u II
b minimized b 0 the n. e of the alt mati" connection in
which audi -fr qu ncy output current· are k p out of
III B- upply.

FIG R"- • \ !HI (, DLAGRA { FOR THE TYPE 7· PEAKER FILTER

were to b placed in ith l' peaker I ad in th _'ampl
!lOll n in th diaO'ram each ection would need to b of

III each of the ,p 'akel' I 'Il I, 'l'hi, en to he 'J> lh
high voltag plat upply out of th p ak r bu it aL 0

reduces tIll' total cond'n r capacitanc. If a conden r
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Permalloy
B ARTIT 'R E. TlIlE E.Y

H ,l RF 1. THE I l n L PIiRME BiLl OF PERMALl OY
A' F CTlO F HE PER £ TA. OF I KFI

10090BO70

\ ary with th mechanical tr atm nt the alloy ha I' c i,' d
in pr paration. m 1I amount f for iern mat rial, uch
a magn ium copp r find, ilieon aft' ct it greatly. How-
\'cr 12 00 or 15000 P rmeability i n t at all e.'cep

tional at tlli compo ·iti nand th addition 0 a mall
p rcenta 17 of chromium, wh:ch help n arly all of the p rm
all y , tog ther with pI' p'r h at treatmmt may rai
th initial p rm<'abilit ' t.o th a toni hing figur of 100,-

000 or mol', In the COI11

Illerci·tl preparation of p I'm
alloy, It fractional per nt
aO'e of mangance i add I 0

aid th mall ahility Hnd duc
tility of th alloy \\ hieh,
without it i. quite pring)'
and brlL..Je.

PI' r h !'It h~'\trn lIt.i'
Important in 0' Uing the be l
magn tic properti. Th
Hual m thod i to p dorm
all of th n e arv m chan
ical p rati n b for h at
tL- ating 0 that it i ub
j ct to no undu m chani
cal train after ann aling and
beIor bing pnt into er\,
ic. Th 11 at tr ( llllenl,
whi ·h i· th atne or all perlll
alloy. con it· of 11 ating
the aUo in fin air-tight
nick I pot to about noo d 
gr' Centigrade, holding it
at thi t mp mtur for an
hour, and th n allowing it to
cool vcry ,lowly to rOOlll
h'1I1]lcl'ahlr<, \I ith thl' fUI'IlIlCl'

co J() 4<J so 00

PERCENTAGE or NICKEL
10

I.

-1---
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1000

2000

4000

tOooo

7000

.3000

12000

11000

13000

~

w 8000
~
Cl:
w
a.

.J 6000
~...
z .5000

En~IALL Y i a nlHn gi\ en to th rie of alloy
of nickel and iron Ii/win r a compoition varyin a

from about;~ per n nickel and 70 p l' C nt iron,
tv .3 p I' C('nt nickel and 1:5 I er C nt iron. '.rhey po e. s
nllu. lml magn tic prop >rti·. The po ition in h' nick 1
iron s ries of a given alloy i· uuall d ianat d by Il

l1tuncrttl whit'l! pr edin th word p rmallo. eri e th
p r ntuge of nick 1 in th cOIllI osition: thn , cl<!5 perm
alloy lUcan, an alloy con-
taining ~5 per t' 'nl ni kel and
;).) per c nt iron.

}j"ur' 1 show how the in
it,d permeability of the pel'l11
,dloy cnc varie' \I ith the

ition. The extr me
th· cune i lUI' - iron

ha' perm ability of
.J III nick 1

cont nt i incr a cd, th p'r
meability declin . Ii htly un-
til 30 p'r nt nick 1 i
I' aeh d, when a hal'p in
er a in n tcd. Thi. increa. c
r aeh . a rna 'imum t about
45 p r nt nick 1, 55 per
c nt iron at which 'ompo"i
tion th' p<'rmeability ha
r -aehe<l 2, 00. Thi' \ alue is
maintain ·d until tl alloy b 
com about 70 p I' C nt
nick I, wh r a ond harp
ric occur which reuche It

p uk at ab tit 0 pre -nt
nickel 20} I' cent iron. '1 he
pl·t·nwahility at thi.' point i~

not definit ly fixed but IlIlly
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INSULATING ~AT(RIAl

(COl/eluded on page D

OF LRRE T FLO'

of th ir han form ')'., h..bricl coils, loading ('oils, and
C:/l itive low current I' lays. Th l' a"on' for thee'x

l 'ndccl u c in \. :cl,-fr ql1t'ne) circuits ar appal' 'ut wh 'n
i icon id r d that < 0'00<1 flu' den its i,' requir d for
a f w milliamp re of current a\ ailabl in the windinO'.'.

ubmarill tel O'rl1ph cabl' , wh 'n ·ontinuou.ly loaded
with p rmalloy ar capahle of a tmn.mi' ,ion 'p d of
:2,000 or mol' charnel 'I' per minute a. compared ,\ ith
a maXl1l1um 'pe dol than :2.'50 lett l' per minute on

th old tyle un
loaded cable'. Th
continuou - loading
ofubmarine cabh....
ha . 0 revolution
ized tIl(' art of
tran-ocll1ni tel
raph'y that a f·\I'
\I onl of explana
tion may h inter
\'. tiner.

.\ubmarine ca
ble con .. i t. essen
tially of a lwa"y
<THuge, . ingle cop-
per conductor sur

round by a on quarter-inch layer of gutta p rchH,
-t el armor wirs, and a layer of aturated h mp, the
whol bing abollt on J' 011e and on '-hall' inclH~ in
diam t 1'. 'lhe ('/\ 'later pl'ovid" , rdurn path fol' l1w
Cll rrent.

Th capacity of th' copp l' conelu tor to tIll' sea \\ a
ler i "ry high, b 'pain er the hi"h frequ neil': and mak

ing th cabl in ffret, a low-pHS filter with a low cut
off fr qu ncy ( ollle 15 or 20 "cle for lh unloaded ca
ble ). thin lay '1' of p J'JIlallo T tap about onL~ 'ighth
of an in h "id i· woun I spirally around th copprr. 0

a. t make a continuous layer of p rmalloy between the
able and th 'a water. A may b 'n from FiguJ'e :..,

th ignal currcnt flu.- theD link a core of high!} perm ~

abl material ,hich nil' th indudanc' of the pa.tll to
uch a point that the fl'ec of th tr nll'ndou - capacity

of the cable i count ractcd to a great ext nt.
xc pt for the direct-current re itanc of the cahle

which i of coure fixed, the p rmalloy loading may be
aid to de rea.e th ,If eli\·l ngth of the cable b r~uc

ing it lect rical llpacity. The cut-off fr ~n n )' of a
1 -OO-milc length of lich a loaclul cable may he w Jl ov l'
11::0 c'c! "

'I'h, 4<5 permalloy is sometime. u .<1 for the eor 0

int r taer' audio tran fonnel' beellu"e of th hi"h primary
inductance po ' ibl with a mall 11umb'r of turn. ,11ICC

th inductance of th primal'.' is in dir ct proportion to
th permeability of th cor (olher fa tor- l'l~maininer

fix d) undine the permeability of 4.3 p 'rmallo • i ollle
four tim that of ilicon t 1, the a<hnnta re ar ap
parent. How 'v '1' ear mu t he ak('l1 in uing p<'l'malloy.

LY·LO OED UBMARI E CAB E H WI G OIRECTIO'0FIG RE 2. A 0 TI

RECEIVING

in dlich it \Hl h at d. Th lot i om ,tim" aled \\ith
iron filing \I hi h ue tog th r b for reaching maximum
t 'll1perature, at th am' illl forming an iron o. id with
th air Ie t in th pot. Thi prc\ent. th l' idual air
from 0 'idiziner th alloy.

If,afterth abov h attr'atm nt,th allo)'i'r -heated to
G 0 dl'erre' entigrad and allow I to cool rapidl)' th
p rJ1ll'abilit· i found to increne to a till gr at I' alue.
Due to certain limiti/ltr m£. haniral on'id ration, how-

e\' 1', thi doubl treating i not alway" fea ible.

L. ,Yo Mel 'chan found lh phenom na of magn to
~trietion to b cIo ely l' 'lat d to th I' markable magndic
prop rti s of h p rmallo)'. In 1 102 .Toul di 'CO\' r d
that ap 'cilllen of iron on b in rnaO'netized aetuall in
el'l.'acd it. ph ical length along th axi of ma"n tiza
lion. ,'ub equ ntl, il' a' di CO" red that nick I xhibi ed

"actly th eff cl. The chaner in ph)' -ical
dim n, i n of rnagn lic material wh II placed in It mag
neti . fi ld ha" b n giv n the nam of marrn to trietion.

fcKe han invetigating the ffect in conn c ion with
pcrmalIo)' found that at ab ut 0 permallo the magn to
~tricl ion b ame zero. Th p cim n 'pand d in a ma r

Iwtic fi ld a. it ornpo ition b arne mol' ir n and con
I ractcd 'I hen th I 'reentag of nick 1 b lUll great I' than

() p'r cent. Tim, a the 110 r aeh ' it - point of
ma 'imum p I'meability it magn to trieti" properti
pas. through Z 1'0.

eri' of e.'p rim nt condue d at th B 11 Tel phone
Laboratori 'C'ill to how that in g'n ral th more
perm abl an alloy b come, th mall I' i it hy,ter i
10, , Til hy t rei;; 10· in 0 permallo i incomparably
..mall J' than in th b. t amilabl mil rn tic ir n. For a

\('ry good grad of ~ T 01''1'11., iron a los of 1500 rg per
cubi centim t 'I' P l' c)'cl \\'h n m a ured at a flu" den it)'
of;) 0 lin i anrage wh l' a th hyt l' i 10 in
p rmallo' at thi flu_ d nit)' i onl 90 a ratio of 16
to 1.

B cau 0 the r markable magn tic properb p rm-
allo ' ha' found Jl1 ny u in radio and alIi communi-
cation fi 1d .

'I he telephone compani make u. of tIl alIo JD many
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Variable Air Condensers for
Use with High Voltages

FIG RE . TYPE 34 00 BLE.- PACED VARIABLE

ence:
TYPE 54v-A Power Transformer

upplie grid-bia ing ~nd plate voltage for one ~~1-type

aDd ODe 2l-5-typ tube D mg a 2 O-type full-wa\'c rectifier and
low-re i lance tilter chokes.

'upplie filament current for one 221-lype and one 215-typc
l.mplifier tube and on 2 O-type rl'ctifier tube.
Code Word: PO' E Price. 10.00

THE ;JJ,.5-B Power Tran fonner
'upplie grid-bill ing and plale \'oltage for one 221-type

an ltl5-lype tub In :. O-typ futl-wa-n:- Tl'ctifier
and low-reitance filler chok .

Replace TYPE 5-15-.-\ Pow r TrHn former when u in hi ,h
rl'. i. lance choke .

upplie filament curr nt for on 27-typ lind two 215-typ
amplifier tube and on 2 O-lype recUIi~r lube.
Code Word: PRIOR Price. 10.00

Doth of th n II' P \l'er transformcr - are .'eh ~lul xl fot'
d !i\'ery by June 15.

E
~rpERI 4' E, tendin"oY r everaly ar ha'shOll'n

that th TYPE 334< Yariable ir Conden. r (doub]
paced) for high \'oHag u e have b n too con. rvativ ly

rated. 'Yhen they w re fil"t pI' du cd it \l'a' rCCOlll
111 nd d that th voltage aero',' them b> limih:d to 2000
volt, but continued t . t und r actual operatinO' comli
tion p rmit thi' ratiner to lJ illcreu. cd to 2500 Yolt.,
root mean quare, or 3500 yol t p uk.

Th Tl"l'E 33-:1- onden 'er' arc of h metal-end-plat.
type. Th are of th I \V-I .. con.'truction having 01
dered rotor and tator plate. ntil now th y have b n
availalJl only in ma imum a acitanc of 0 and 100 mi
cromi t'ofarad- but on Jun 15 a 25 micromi rofarad
iz will b com available. It voltage ratin er i the am

a,' that llIen iOIlEd aboy fo/' other' f th' .'am typ.

Prices
'.!'YPI: 33\.-R 250 mmf.
'I PE 33·1-'1' 100 mm f.
Tn/: 3.'14-V 50 mmf.

Power Transformers for the
245- Type Tubes

1The TYPE .521-" Rectifier Filter contain. lwo choke., (>neh lIadnA'
a direct-currenl resi lance of 115 ohm.

~Th TYPE 336 Filter hoke eonlains lwo indl'pendenl 'ectinn', eaeh
hllving a dirl'et-current re -j an e of 3,,0 ohms.

T HE G 'neral Radio 'ompany i- abou to place upon
the market two new lOW r tran former' for U' I'ith

til rec 'uUy-announced ~,*.3-t 0p pow r amplifier tub ~.

Oil> is dc. ign d toupply a -ingle tub h other, to
supply two tube 0

It will be l' 'm >mb 'red that th 2·M-type tube ha an
undi tort d pow r output rutin betw n tha of th 171
typ and th> :JJO-t 'pc. "ith th maximum of 2 0 volt,
on its plat, it i capabl of deli\'ering 1600 milli, att
\1 hich i more than twice that of h 171- and about one
third that of th > ~"O-tJpe tub. ~\t 25 ,"olt, th plate
CUlT nt i :3:.. milliamp re wh n the recomm nd d grid
bin. ing "Voltage of -5{) j uppli

:Either alternating or dir et CUlT n may b u 'ed to
heat th filam nt which l' quire' 1.5 ampere at 2,1': volt..
Thi. i th am voHag a i' n eded for th :..27-tvpe tube,
so that it is ntirel' fea ible to run the filament· of both
kind' from the am tran form r winding.

],<'01' th operation of a .ingl 2-!5-type tub th new
Tl"p:8 -!5-A Pow l' Trail -former ha' be n provid d. V,,'h n
w.,ed with a full-wave rectifier of the 2 O-typ and low
re i h nee filt'r choke coil., . nch a: are contained in the
'l'uJo: !)27-~\. R etifier Filt 1" it will 'upply the corr et
platr and gric1-bia"ing yoHag - for one 2!,3 tube. The
p rmissibl· CU/'l'('nt dmin i· 0'" I' 50 milliampere', more
than .ufticil'nt toupply a ~:n- in addition to the 245-t}1)e
tub.

In (k igning the filam 'nt supply" indin er of th TYPE

5-:1-i5-A POll' l' Tran.,fonner thi wa. kept in mind and th
2.5 volt winding ha It carrying apacity 'uffici nt for ne
~+.') and one :l~ I. In addition there is a 5 volt win lin'
for the rectifier tube.

When it i· necesary to operate two 21.S-type tube
It TYPE 5·J;5-B Power Tran form l' mut be u. cd. Thi
is wound in the amc manner as the TYPE 5-t~-A Power
Tl'al1.fol'l1wl" })]'rviously de,",crihrd 'C' })t tlll'\ tll(' high
\oltag winding ha. larg I' CUlT nt-earryin er capacity and
It largl'r voltage to compen ate for the increaed voltage
(h'op in th reetifi I' tub and in th' filter. It will dc1iv t

full rated voltage with a drain of 0 milliamp'J' . 0 ~o that
it, too cun be u,' d to handle one 227-typ tub in addi
t ion to the II 0 ~!;3-type tube for whi h it i' rated. To
perform 'ati ·fll.etorily, howey r, the TYPE .?-t6-R Pow r
Transform I' mus~ be II.' d with a 101l'-r·i tance filter lik
the '1') 1'£ 527-A Rectifier :Filter.

If fol' any reason it is dl'irco to u·, a high I' .i,tanc
filter-the 'rUE :366 Filter Chok .~, for in 'tauc'c-the
TYPE 5·j.5-B Power TraIl, form l' ma." be u ('d to upply
plate pow /' for a . ingle 24.5-type tuue, inc the addi
tional vol tag drop in th higher-/' istance eh ke j prac-

_______T_H_E_G_E_N_ER_A_L_R_A_O_IO_Ex_p_ER_I_M_EN_T_E_R •

beally equal t th in rea d \'oltage of th 10.1' l' han'
former. Limitation in th abilit. of th full-, ave recti
ner tub to with tand high l' voltage however, ~ake it
impo 'ible to further incr a the tran former voltage in

I'd l' tamp n at for hicrh-r 'i tanc choke wh n two
tub ~ arc to be u td. Th only olution f th probl 111

i to u 'e hoke of lower resi ·tan 0

Th followin ummar)' i pre 'nt d for r ady r f'r-



of th best combination lhat C;cllcral Radio bllilt the ca
pacity Itnbalance bridg ,

Figul' :3 hOI\" the in t rUllIcnt at Ih baek of which arc
hlo -; t of four binding po"t. for lIlukin conn ctions
Lo h - blo quad- which are to b joined. B: m an of
th· . witche' on th pan I, the lin m, n can conn ct th
two toO'eth r in cI'ery posibl combination and 111 a Ul'
the capacit 'unhalanc for ach with the bridge.

For any combination th're arc of cour'e ollr t rmi
Jlal- which form th four corn r point. of a bridg n t
work. The four capacity rm of the br'dge ar th ca-
pa iti b tween conductor - in th luad. A '1'0 on
diagonal of th bridge COLT ..pondillg to on pair of the
quad' c nn eted a small buzz I' op rating at bout ·.l!OO
c}'.1 . and acro th oth I' i.. onn ted th _ telephone
h an. t~for indi atillg balanc .

\\?hI~'J,,'ih --cire'it capacific 'ar not balanc d n mean
of m'll uring the d gr of ullbalnllce i provided. Thi
con it· of a doubl - talor "nriabl air cOlld 11 I' ha iner
th . tnt I' plat' conn -ded to oppo.. ite brid e point' and

, ..

·1 T_H_E_G_E_NE_R_A_L_R_A_OI_O_Ex_PE_R_IM_E_N_T_ER_------

Permalloy
(Cunclud tl [rom page n

for audio tranforlll I' cor' ueeau. e th y aturat - at
much low I' 'alu of l1lTcnt than . ilicon tc 1. Th rc
fore th·y mnst b II cd in plate cir uit drawing Illy
c~oJllpal'atiy Iy mall cU!'rcnt uIlI"p cial prccalltion.
ar tak n in the de'i 'n. mplifier tr. nsform I' cores
made of permalloy al'o hay th' cli"'IHI\'anta lT of being
ubject to damag by mechanic; I hock' whi h C1Hl.·e

Lh m to 10. c th ·ir perm 'ability.
knowl dgm nt for certain information conhin d in

the foreg ing a rticl i. lllad to pap I' publi.. hed b II.
n. Arnold and G. , T. Elman in The Bell. ystem Technic;tl
Journal and by L. W. McKeehan in The Journa/ o[ /lIe
Franklin Institute.

th rotor connected to on of tll I' mainin By
adju'ting th cond n r, i i· po. ibl to in l' a th ca
pacity of ith I' id of th bridg and reduc that of the
oth I' until a balan i ur 1. Th ttinO' of th on-
dl'n I' th n 1Y dire ll'y a m a me of th unbalanc
capacity.

rlh complete in-trument is If-'ontain d. It i- liO'ht
in wei ht and i quipp d with an oak ca e and a w ath 1'

proof eanva cOl'er. It i therefore adapted for u by
th lineman in th fi' ld.

.. il1ce tIl ahove described in trulllent wa built a ncw
model hn' be n pI' pared in which th unbalane i d·t 1'

mill d in only one quad at a tim. The unit i . mall r,
11101' compact, and lilTht I' than th larger one. In u ing
thi' in. trum nt th lin man III a llr unbalan'c in ach
of th quad which 1.1.1' t be join d. Then b knowing
th magnitude and ign of tll· llnbalan e in a h h can
cl I I'min th he. t method of making th conn ction.

A Capacity Unbalance Bridge
For Cable Testing

O:\IE time ago th ngin )" of a I. rge organi;"ation
enga<rcd in the operati II of long t lCO'l'aph tin I tch-

phonl' ellbl· ne(·dc-d a bridO' for m aurin th capac:ty
unbalance bct\ een the conductor' in uch O'roup of four
wire. (or quad). Knolling that the .. ncral Radio OJl1

pll.ny ha. for many y al' b en p cializing in the d ign
and manufadur of bridges, pI' 'cision air con I 'n . '1' ,

and oth l' api arnJu for th m II.snrcmcnt of capacity,
they callcd upon this compltn} to build It witabl insl ru
nWIlL. The folloll ing is a hrief description of it with an
explanat ion of th problem invoh' d.

'I'h important limiting fa tor in Lh operation of Ion
cabl Ii . pecially wh n phantom circuit, arc u cd i- th
amount of cro -talk or inter-cirClli interf'r n that an
b tol ralro. ,PI' caution lllut b tak n to minimize it
hy hn.lan 'Jlg. 1\ ci;iui.!",> Il c. rc lilly R' p.o-;sihl wi h I' 

. pect to I' i tance, induc"tanc , I akage. and capac it '.
In g neral, capacity unbalrrnc . cau. h mo t troubl .

\Vhen the cabl is being manufa tur d. ach group of
four wir or quad (which pro\ id for two chann 1
op 'rat in th n.ual way a ".Jl a ... on phantom han
ncl) al' continuou 'Iy transpoed b' twi tina' togeth r
th 1110 wire' f I' ell h phy i -al I' id circlli. Th n th
two twi ted pair arc twi ted tog th 1', and th re~ult i a
cabl unit in which th capacity f an, wire 0 an. oth I'

win i· lIppo.ellly the . ame. .Actual!', howey I' mall
1IIlhal:1I1C('S almo t alway' exi·l.

\ hen til 0 long cable. ar to be join d to' th I' the
proh!. m confronting til lineman i.. to d t rmin how Ill"
shall connect the two qua 1 tog til r. Th re ar eight po.-
iblr wa " of conn ting the two IHtir. of a quad om will

<Til"(: a large' amount of unbalance, oth l' will give 1
It i... , of cour e, 11'C ...ar~· that he :hall choo that c m
hin/ltion \I hich has the 1('llst, and it WitS for th election

Fl tJRE 4. ET
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PRODUCTION TESTING OF AUDIO-FREQ..UENCY

AMPLIFIERS

'By ARTHUR E. THIESSEN

H OWEVER much engineering de
velopment the manufacturer
of an audio-frequency ampli

fier expends on its design, there remains
the problem of comparing the perform
ance of the quantity-produced unit with
that of the laboratory model. Without
rigorous inspection some defective units
are likely to reach the user, which makes
necessary expensive replacements and
breeds ruinous ill will.

Some manufacturers check the com
ponent parts before assembly and
follow this with a supplementary
"try-it-and-see-if-it-works" test. This,
however, is only partially satisfactory
because errors in assembly may still
creep in and because any kind of a
trial inspection requires highly-com
petent, specially-trained inspectors if
the tests are to mean anything. Even
then, it is doubtful whether any listen
ing test can be relied upon to detect
small abnormalities in the performance
of a high-quality amplifier under pro
duction conditions.

When preparing to manufacture
their new radio receivers, the Victor
Talking Machine Company realized
the importance of thorough inspection
and the limitations of the usual
methods. They asked the General

Radio Company to build suitable test
equipment, and the engineering de
partments of the two organizations
collaborated on the design of the audio
frequency amplifier test set that is
described here. It makes possible a
speedy and accurate test and is capable
of operation by an inspector with no
special training.

The most important characteristics
of an amplifier's performance are its
ability to show the required amount
of gain or amplification over the de
sired frequency range and to deliver
the required amount of power without
overloading. It was decided that the
test of the Victor Company's amplifiers
should include an accurate measure
ment of both these quantities.

The method chosen for making the
test for gain is based upon one some
times used for making measurements in
the laboratory. Figure I shows it in
schematic form. An oscillator operating
at the test frequency supplies energy
through a calibrated attenuation net
work to the amplifier, in the output
circuit of which is connected a suitable
load and a meter for measuring the
voltage drop across it. The network is
adjusted until the voltage across the
load is equal to that measured across

[ I ]
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the input terminals of the .network.
Then, if all the terminal impedances
between units in the circuit have been
properly matched,* the gain of the
amplifier is equal to the attenuation or
loss in the network. The complete
gain-frequency characteristic is ob
tained by repeating this measurement
at as many test frequencies as neces
sary.

INPUT rci AMPLIFIER

FIGURE I. Outline chart and power level diagram
for the gain-measuring method used in the
amplifier test set. All impedances are assumed

to be matched

The overload-level test is also based
upon a laboratory method for deter
mining where further increases in the
input of the amplifier fail to produce
proportional increases in the power
output. The overload level is the ratio
(expressed in decibels) of this power
output to the standard reference level
or normal test outputt of 50 milliwatts.

The audio test panels as constructed
are shown in the schematic diagram
of Figure 2. A Hartley oscillator de
livers voltages at each of five selected
frequencies (40, 100, 400, 2500, and
6500 cycles) covering the audio-fre
quency band. At each of these fre-

* This requirement makes necessary the im
pedance Z. If the oscillator output voltage be
maintained constant as shown by the volt
meter, the network behaves as though it were
working out of a power source of constant in
ternal electromotive force and internal im
pedance Z. See K. S. Johnson, 'I'ransmission
Circuits for 'I'elephonic Communication (New
York: D. Van Nostrand Co., 1925), Chapter
VIII, in particular.

t 1. R. E. Standard. See Yea" Book of the
Institute of Radio Engineers (New York, 1929),
P· 107·

quencies the voltage of the oscillator
is made the same by an adjustment of
the respecti ve feedback resistances.

From the standpoint of the in
spector using the test set, it is desirable
tha t the power ou tpu t of the am
plifier be constant at everyone of the
test frequencies, in spi te of the fact
that the amplifier gain is different for
each one. Then it is only necessary for
him to note whether or not the load
voltmeter deviates from a fixed value
marked upon the dial in order to tell
whether or not the amplifier is up to
standard. This is accomplished by in
serting enough attenuation ahead of
the amplifier to make the output the
same at each frequency. This is the
function of the compensation network
shown in Figure 2. Both the frequency
change and the throwing in of the
proper compensation network are
made by means of the large hand
wheel at the left of the panel shown in
Figure 3.

An alternating-current-operated vac
uum-tube voltmeter is used to measure
the voltage across the load and to
check occasionally the output voltage
of the oscillator. It is sufficiently sen
sitive to indicate deviations of am
plifier gain from normal by as little
as one or two decibels. The voltmeter
is the one in the cen ter of the panel.

The input and output networks for
making the overload-level test are
controlled by the other hand-wheel.
As its pointer is moved from left to
right in ten successive steps, an at
tenuation of two deci bels per step is
inserted ahead of the amplifier, and,
simultaneously, the same amount is
removed from the output circuit. So
long as the amplifier is operating below
its overload level, the reading of the
voltmeter remains fixed, but, when
overload occurs, further increases of
input fail to produce proportional in
creases in the output power. Thus, the
overload level is indicated when the
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FIGURE 2. Schematic diagram of the test panel for making rapid measurements of gain and overload
level in amplifiers

output voltage begins to drop off as
the test switch is advanced.

In testing an amplifier under working
conditions, it is merely necessary to
connect it to the test panel by means
of a set of flexi ble leads. Wi th the over
load-level switch set at zero the gain
test is made at each of the five test
frequencies, and, if the reading of the
output voltmeter does not deviate
from standard by more than a specified
tolerance, the amplifier has been shown
to have a gain-frequency characteristic
like that of the laboratory model.
The next step is to set the frequency
control at some point - 400 cycles,
for example - and to advance the over
load-level switch until the output volt
age begins to fall off. The setting of the
switch where this occurs indicates in
decibels the overload level of the am
plifier referred to the reference level.

At the extreme lower right of the
panel, next to the toggle switch for
controlling the power supply to the
test set, may be seen two key switches.
One of these throws the vol tmeter from
the amplifier output circuit to the out
pu t of the oscillator for checki ng its
voltage.

Since the audio amplifier is in
tended for use in conjunction with a
phonograph pickup (low impedance)
as well as the detector tube of the radio
receiver, its input circuit has a low
as well as a high-impedance winding.
Gain and overload-level tests are made
for each winding, and the second key
switch makes the necessary internal
changes in the test panel.

By means of this extremely rapid
check practically all of the possible
errors in construction will have been
shown up. When the first production-

FIGURE 3. The audio
amplifier test set as
built by the General
Radio Company for
the Victor Talking
Machine Company
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built amplifiers were being tested,
several were found to have a sub-nor
mal amount of gain in the middle of
the frequency band. Checking them
upon the elaborate laboratory gain
measuring set proved that the test
panels were operating correctly, but
the trouble could not be traced to any
fault in the amplifier until it was dis
covered that the lower-grade wax used
for impregnating the power trans
formers had been inadvertently used
in the inter-stage coupling trans
formers. It is highly probable that a
simple listening test would not have
found the trouble, yet the accident is
one that could happen in any assembly
plant.

By the use of the General Radio
Company's test panels, the Victor
Company makes its production with
great speed and accuracy and with
a consequently low unit cost of test.
The average time necessary for a com
plete check is about one minute, and
the amount of deviation from standard
is hdd to a tolerance of one and one
half decibels. This test compares
favorably in accuracy with the more
elaborate laboratory measurements re
quiring considerably more time, equip-

ment, and technical skill. Such high
accuracy is justified, for there is no
excuse for the manufacturer making
heavy investments in research and
quality materials unless he is sure that
the finished amplifier is as good as the
approved laboratory model.

In addition to the check upon the
completed amplifier, all of the com
ponent raw materials are tested before
assembly. All input, interstage, and
output coupling transformers are in
serted in amplifiers of known excel
lence which are then tested on the
test panel. If the amplifier shows
normal performance, the transformers
are shown to be satisfactory.

Ten of these amplifier test panels
have been built for the Victor Com
pany and five more are now in process.

The flexibility of the test set makes
it adaptable for use with almost any
audio-frequency amplifier, and it may
be readily altered to take care of such
changes in the design of the amplifier
that may be made after production
has begun. The method of working
out the problem is general enough to
show defini tely that laboratory methods
can successfully be applied to produc
tion tests.

FIGURE 4. Four of the six audio-amplifier test panels as used by the Victor Company for making
production inspection tests on completed amplifiers



NEW TESTING INSTRUMENTS FOR THE RADIO

SERVICE LABORATORY

I N its exhibit at the R. M. A. Trade
Show in Chicago early this month
and in its advertising, the General

Radio Company announced that sev
eral new items of test equipment for
the radio service man were being
developed. So many requests for in
formation have been received that
the following descriptions are being
published, even though all three
instrumen ts are still in our laboratory
undergoing their final tests. These speci
fications must, therefore, be regarded
as preliminary and subject to revision
before they are formally announced.

TYPE 486 Output Meter
This instrument will be suitable for

measuring the power output of a radio
receiving set at any frequency in the
audio-frequency band. It will consist
of a 4000-ohm resistor for replacing
the speaker or output transformer and
an alternating-curren t voltmeter of
the copper-oxide-rectifier type con
nected across it. The voltmeter has a
full-scale reading of 3 volts, but multi
pliers placed in circuit by a switch
make it possible to increase this range
by 5, 20, and 50 times to a maximum
of ISO volts. The TYPE 486 Output
Meter will, therefore, be capable of
measuring any power output up to
5.6 watts.

Delivery upon this instrument has
been set for August I. A full descrip
tion is scheduled to appear in the July
issue of the Experimenter. The price
will be $34.00 and the code word
MALAY.

TYPE 360 175 & 180 K.C. Test
Oscillator

This instrument will replace the
TYPE 320 180 K.C. Test Oscillator built
by the General Radio Company for
aligning condensers and for neu tral-

izing and making continuity test upon
superheterodyne receivers having an
in termediate-frequency of 180 kilo
cycles. The new one will consist of a
modulated vacuum-tube oscillator cap
able of furnishing test signals at any
frequency in the broadcast band as
well as at the two high frequencies
mentioned in its formal ti tie.

It will be operated by batteries. An
output meter of either the copper
oxide-rectifier type or the thermogal
vanometer type will be mounted in
the cabinet which will be approxi
mately lOX by IOX by 7 inches.

TYPE 404 Service Test Oscillator

This instrument is intended for the
usual aligning of tuning condensers,
neutralizing, and the making of con
tinuity tests on radio receivers, but it
will, in addition, make it possible for
the dealer and the service man to
make tests for receiver sensitivity.

It will have a modulated vacuum
tube oscillator capable of being oper
ated at any frequency in the broadcast
band. Across the output of this oscilla
tor will be connected an attenuator or
voltage divider so that known radio
frequency voltages may be impressed
upon the input circuit of the receiver.
By measuring output power (with
the TYPE 486 Output Meter, for ex
ample) an approximate frequency
response curve may be obtained for
the receiver.

It will be operated from the lIo-volt
al ternating-curren t power supply. The
cabinet will be approximately lOX by
lOX by 7 inches.

No estimates of price or of delivery
date on ei ther a ciliataI' can be made at
the present time. Full information will
appear in the Experimenter as soon as
it is ready.

[ 5 ]



DIRECT-CURRE T AMPLIFIER DESIG

"By CHARLES E. WORTHEN

XMEANS of magnifying the inten
sity of slowly-varying voltage
pulses is often needed in ex

perimental work. Amplifiers for tele
vision and for vacuum-tube volt
meters must respond to low frequencies
and to direct current (zero cycles per
second), but the usual types of audio
frequency amplifiers are not suitable
because they do not operate effectively
at frequencies much below 25 cycles
per second.

Although there is nothing particu
larly new about a direct-current am
plifier, we are describing here one of
two stages buil t by the General Radio
Company, because it presents an in
teresting example of amplifier design
(see Figure I). It was to be used in con
junction with an electrocardiograph, an
instrument used by the medical pro
fession in the study of heart action.
During the heart beat potential differ
ences of the order of a few millivolts
appear between active and inactive
heart muscle. These voltages are ap
plied to the input of an amplifier and

passed on to an Einthoven (string
type) galvanometer for recording.

From the schematic diagram of
Figure 2 it may be seen that this am
plifier is of the resistance-coupled
type in which the grids of the vacuum
tubes are held at the proper operating
potential by means of batteries instead
of the usual blocking condensers and
grid leaks. With no signal voltage ap
plied across the input terminals, each
tube is operating at a suitable point on
the linear portion of its grid-voltage
plate-current characteristic. A volfage
applied to the grid of the first tube
causes a change in its plate current
which, in turn, produces a change in the
voltage drop across the plate resistor
R j and al ters the grid bias of the
second tube. This produces a change in
the plate current of the second tube
and a change in the voltage across the
output circuit. A scheme for balancing
out the steady plate current of the
second tube in the output circuit is
provided. It will be described later.

If the proper operating points have

FIGURE I. A two-stage direct-current amplifier, a piece of special equipment built by
the General Radio Company

[ 6 ]
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INPUT ~ GAIN

~ CONTROL

FIGURE 2. Circui t diagram of the direct-current
amplifier of FIGURE I

been chosen, the change in plate volt
age in each tube is greater than the
grid voltage change. The amount of
this amplification depends upon the
value of plate resistors used as well as
upon the operating points chosen. The
over-all amplification will, in general,
be less than the product of the amplifi
cation factors of the tubes. It should
also be noticed that successive voltage
changes are out of phase by 180 de
grees. If the change on the grid of the
first tube be in a positive direction,
that on the second grid is in the nega
tive direction. This fact might be an
important consideration when deciding
whether an amplifier should consist of
an even or an odd number of stages.

The considerations involved in the
design of a direct-current amplifier can
be better understood by means of the
graphic analysis of Figure 3. This
analysis holds only for small values of
applied voltage on tubes biased to
operate on the linear portions of their
characteristics. The grid-voltage-plate
current characteristics are plotted as
shown, that of the second tube being to
the right of and above the first. If the
two operating points are A and C, lines
drawn from these points perpendicular
to the axes will intersect at B.

For a given value of R I , the drop
across it is !PORI. Through B, then,
draw a line intersecting the voltage

I
axis at an angle equal to tan- I -.

RI

From the geometry of the figure it is
then evident that the distance sub
tended by this line on the voltage axis
is equal to !PORI. Since this gives the
grid of the second tube too large a
negative bias, the battery E 2 supplies
enough positive bias to bring the grid
to the selected operating point. Re
ferring again to the diagram, it may be
seen that E2-!voRI=Eu2' This gra
phic analysis makes it possible to study
the effect of changing the values of the
batteries and ofR I . It is extremely useful
in designing direct-current amplifiers.

In order that no current shall flow
in the output circuit except when a
voltage is applied to the input, the
steady plate current in the second tube

FIGURE 3. Graphic analysis for a two- rage
direct-current amplifier

is balanced out. Referring to Figure 2,

the balancing resistor R2 is made equal
to the plate resistance of the second
tube, and the balancing battery Eo is
made equal to the battery E4 • Under
these condi tions, no voltage appears
across the ou tpu t circui t unless one is
applied to the input. A zero-center
galvanometer is provided in the in
strument for indicating the balance
condition.
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"By THE EDITOR

The following excerpts from recent
issues of one of the popular magazines
arouse us sufficiently to suggest that
their editors encourage contributors to
show more respect for the decibel: (a)

. .
more ImpreSSIve.

It is possible, of
course, to express an

amount of power as so many decibels
"above" or "below" a specified amount
of power called the zero or reference
level, but so many different reference
levels are in use that it is always well
to state which one is being used. In
cluding it takes only a Ii ttle more
effort on the part of the author and
greatly minimizes the chance of mis
leading the reader.

"With an input of 15 db at 30 cycles
the inductor motor moves a ten-inch
cone one-eighth inch. " (b) "In all [of
the author's] loud-speaker response
curves, the sound intensity in db was
plotted against frequency."

The decibel is,. by definition, a
measure of a ratio between two

amounts of power,
the number of deci
bels corresponding
to a power ratio
being given by db=
IO loglur, where r is
the ratio. Obviously,
specifying a power
inputoran intensity
of sound in decibels
is as devoid of mean
ing as the statement
that the power input
to a motor is 95 per
cent. We admit,
however, tha t " deci
bel" does sound
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WITH this number, the first of
Volume IV, the General Radio
Experimenter appears in a new

format. The new page is only one-half
as large as the old one (6 inches by 9
inches instead of 9 inches by 12 inches),
but doubling the number of pages
makes it possible to include as much
material as before.
Besides making it
easier to handle, the
smaller size brings
the Experimenter
more nearly in to
uniformity with
other publications
which the reader
keeps for reference.

To other radical
changes either in the
editorial or the dis
tribution policies are
contemplated.
There is no sub
scription fee, and we.
ask only that our
readers express a de
sire to continue
upon the mailing list by returning the
card sent out once each year. This
year's card will go out sometime during
the summer.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu
factured by the General Radio Company. It is
sent without charge to interested persons. Re
quests should be addressed to the

GENERAL RADIO COMPANY
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THE IMPORTANCE OF MUTUAL CONDUCTANCE
I~ TESTING VACUUM TUBES_

'By CHARLES T. BURKE

T HE behavior of a vacuum tube
mar be predicted if its amplifi
cation factor, plate impedance,

and mutual conductance are known
for the given conditions. Other factors
such as inter-electrode capacitances
affect its operation, particularly at the
high frequencies, but it is usually
justifiable to consider only the three as
the principal parameters. They, or at
least their names, have become so
familiar that their physical signifi
cance is obscured until they tend to be
considered mere mathen~atical con
stants.

This is particularly so of mutual
conductance, which, because it can be
derived from the other two, is some
times thought of as a ratio without
physical meaning. For testing pur
poses, however, mutual conductance
is the most important of them all.
I t expresses the excellence of a partic
ular type of tube as a power amplifier,
as a detector, as a modulator, as an
o cillator. It is readily measured, and,
with tubes having a large plate im
pedance (screen-grid tubes, for ex
ample), it is the only one that can be
measured with simple apparatus. In
this article we propose to show why
mutual conductance is so important.

The plate impedance of a vacuum
tube may be defined as the ratio of
the change in plate voltage to a cor
responding change in plate current
when the control-grid potential is held
constant. It depends upon the area,
nature, and temperature of the filament
(electron-emitting surface), upon the
area of the plate, and upon the spacing
of the elements. Except at very high
frequencies when the in ter-electrode
capaci tances introduce appreciable
amounts of reactance it may be con
sidered to be a pure resistance.

The amplification factor f.J., defined
as the change in plate poten tial pro
duced by a unity change in the grid
poten tial when the plate curren t is
main tained cons tan t, depends only
upon the spacing of the elements and
upon the fineness of the grid mesh.
It would be the all-important para
meter for a tube delivering power to a
load whose impedance was large as
compared with the internal plate im
pedance, and it is, therefore, of great
importance in so-called potential am
plifiers (i.e. amplifiers which are sup
posed to magnify voltage variations and
deliver little or no power to the load
circui t). If such a circuit be well de
signed, the amount of voltage ampJi-

[ r ]
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FIGURE I. Schematic circuit for a simple vacuum
tube amplifier: I a, above; I b, below

This shows that when Zo is much

I h I
. Zo.

arger t an 1'1' t le quantity --Z- IS
1'1'+ 0

approximately equal to unity and the
voltage amplification is approximately
equal to J.L; and that, when Zo is of the
same order of magnitude or smaller
than l·p , Zo has an important effect
upon the voltage amplification. For
comparatively low values of Zo the
value of 1'1' is a dominating influence.
Since, in general, the difficult\' of
building a load circuit increases ·with
its impedance, it is desirable that it
have as Iowan impedance as possible.
This means that the tube should have a
low impedance if the greatest amount
of amplification is to be obtained. The
desirability of the tube as an amplifier
is proportional to J.L and inversely pro
portional to 1'". The ratio of J.L to l'p

(called the mutual conductance) makes,
therefore, an excellen t figure of meri t
for expressing the desirability of a
given vacuum tube as an ampl;fier.t

Physically, glll' the mutual conduct
ance of a tube is the ratio of the change
in plate current that is produced by a
given change in grid potential when
the plate potential is held constant,
assuming, of course, that there is no
load in the plate circuit. Thinking of
the mutual conductance as the effec
tiveness of grid-voltage changes in
producing plate-current changes em
phasizes the physical meaning of that
quantity.

In circui ts using the screen-grid type
of tube the plate impedance is usually
much greater than any value of load
impedance that can be readily realized
in practice. Referring again to Figure I

and assuming that there is a screen
grid tube in the circuit it will be seen
that eo will be equal to i

"
Zo, and, because

t Mutual conductance is also a figure of merit
for a tube used as a modulator, oscillator, or
detector. For a more complete discussion see
H. J. van der Bijl, 'fbe 'fhermionic Vawum
'fube (1 ew York: McGraw-Hill Book Co., 1920).

(1)

(
eo) .- IS
eg

+
=B

load in its plate circuit. This is an
approximate equivalent to the diagram
of Figure 1 b where an ideal transformer
wi th a turns ratio equal to J.L has re
placed the vacuum tube. In its second
ary circuit is a resistor representing the
internal plate impedance of the tube.
The voltage J.Le g is applied across Zo and
r p in series, so we may write

J.Le g = i
"
1",,+i,,Z.

or

Then the voltage amplification

* By voltage amplification we mean the ratio
of the voltage appearing aCrOS the load in the
plate circuit to the voltage applied to the grid of
the tube.

fication * should approximate J.L, the
amplification factor of the tube.

It will facili tate an explanation to
make use of Figure 1 a which repre
sents a yacuum-tube amplifier with a
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Re ip-

This result is the mutual conduc
tance of the circuit which equals that
of the tube when R2 is negligible as
compared with the plate impedance

t H. J. van der Bijl, Op. cit.

Voltage from an oscillator is im
pressed across R 1 and R3 and the out
put of the tube is connected across R~.

The phase relations in a vacuum tube
are such that the control-grid voltage
is opposite in phase to any voltage ap
pearing across a resistance load in the
plate circuit, which means that the
voltage drops across R 1 and R~ tend to
cancel each other. If by adjusting R l ,

the voltage drops across R l and R2 can
be made equal in magnitude, no cur
ren t will flow through the telephone
headset. In this condi tion of balance,

FiGURE 2. Functional schematic diagram of the
bridge for measuring mutual conductance

II
Because mutual conductance is so

important an indication of tube be
havior, particularly in screen-grid
tubes, methods of measuring it will be
of considerable interest. The COllVen
tional method for making this measure
ment involves the use of a bridge cir
cuit developed by H. W. Everitt,t
which is shown in Figure 2.

from which we see that the voltage
amplification in a screen-grid tube is
given by the product of the mutual
conductance into the impedance of the
load. In the ideal screen-grid tube
circuit the only tube parameter of
importance is the mutual conduc
tance.* The plate impedance of the
224- type tube, now in quite general
commercial use, averages about 800,000
ohms, which is large enough, as com
pared with most circuit impedances,
so that they need seldom be taken into
account when making gain computa
tions.

For the reasons set forth in the fore
going discussion, the mutual con
ductance of a vacuum tube mav be
measured and the resulting value t~ken
as an index of the excellence of a gi ven
type of vacuum tube. Some care must
be used in saying that one type of rube
is better than another because it has a
areater mutual conductance, but one
'"can without hesitation say that among
tubes of the same type the greater the
value of mutual conductance, the
better is the tube.

This fact makes it possible to use a
measurement of mutual conductance
as an inspection and acceptance test for
tubes. Improper spacing of the elemen ts
and faulty emission will both produce
a lowering in the value of mutual con
ductance. This test will not show what
is wrong butit will show whether or
not the tube is defective. That is why
it makes a good test for the manufa~
rurer's production line.

• Albert W. Hull and N. H. Williams, "Char
acteristics of Shielded-Grid Pliotrons," Physical
Review, XXVII, April, '926, p. 438.

1"p is large as compared wi th Zo, gm = ~
eo

by definition. Then the voltage amplifi
cation may be written
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PLATE
+ BATTERY_

,-----+----..----'-0GRID

BIAS 0--------....,

+0----
LOW

CURRENT

HIGH
CURRENT

+0----- 2.0A
4.5.1"\..

PHONES

l...----------~r_o
I M.F.

FIGURE 3. Wiring diagram for TYPE 443 Mutual-Conductance Meter. R, is given a value of 1000 ohms

of the tube. Since this is the on Iy ap
proximation in vol ved in the bridge
equations, this bridge method is more
accurate the greater the value of the
plate impedance of the tube. In prac
tice R 1 is calibrated to read mutual
conductance directh'.

Consideration w;ll show that this
bridge may be used for making meas
urements upon screen-grid tubes with
ou t the necessi ty of shielding, even
though at first glance it might appear
that shielding must be used.

Shielding is necessary in any circui t
only when there exist between circuit
eleJ;'ents stray admittances that are
comparable in' magnitude to the circuit
admittances between the elements.
Jn this bridge the admi ttance between
the plate and ground is of the order of
lO,ooo micromhos (R2 usually being of
the order of 100 ohms) and the admit
tance between control grid and ground
is 1000 micromhos. Stray admittance
ordinarih' occurring between leads
and bet~een batteries will be negligible
by comparison at the test frequencies
of,oo to 1000 cycles used in practice.

To look at the matter in another way,
we may say that shielding is necessa~y
in a screen-grid amplifier circuit be
cause of the very high voltage amplifi
cation given by this tube when used
with a high impedance load circuit.
"Voltage amplifications of as much as
200 might be obtained. In the above
described bridge circuit, however, the
ratio of voltage drop across the load in
the plate circuit to the yoltage drop
across the con trol grid is of the order
of 0.1. In other words, the "voltage
amplification" is about of I to 10 as
compared with a ratio of 200 to I in
the amplifier circuit.

III
The General Radio Company has

developed for commercial use a bridge
for measuring the dynamic mutual
conductance by means of the bridge
circuit that we have been discussing.
Suitable fixed value of R t and Ra are
provided and the adjustment of R 1

is made by means of a dial which is
calibrated directly in micromhos. Sock
ets are pro\'ided for both the +- and 5-
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prong tubes. A low-resistance high
current and a high-resistance low
current rheostat are included in the
assem bly as is a direct-curren t vol t
meter for measuring filamen t vol t
ages.

The TYPE 443 Mutual-Conductance
Meter is suitable for making measure
ments on all types of tubes with an
accuracy of 5 per cent. depending some
what upon the skill exercised by the
operator. I t is simply necessary for
him to insert the tube in the proper
socket, check the filament voltage-and
adjust the dial until he hears a mini
mum signal in his telephone headset.
.'\. true null balance is never obtained
because the bridge makes no provision
for eliminating the out-of-phase volt-

ages caused by the inter-electrode
capacitances of the tube under test.

The error in measurement intro
duced by neglecting the voltage drop
across R2 is greater for tubes having a
small plate impedance, but if desired
this error may be calculated and a cor
rection appli~d. The meter reading is
less than the true value by the product

f roo . h .o - mto t e meter readmg.,..
p

vVhen new plate batteries are used,
the impedance drop through them will
be small enough to be negligible. The
internal impedance of the battery,
however, increases with age, and, es
pecially when measuring tubes with a
low plate. impedance-there may be an
error due to this fact. It can be prac-

FIGURE 4. TYPE ++3 Mutual-Conductance Meter showing connections for testing a :!1+-t)'pe screen
grid tube. The panel is engraved for triodes
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TABLE I

REPRESENTATIVE VALUES OF MUTUAL CONDUCTANCE
FOR VACUUM TUBES IN GENERAL USE

Filament Control Screen Plate Mutual
Type of Rheostat Grid Bias Grid Bias Battery Conductance

Tube Used

Yolts Amperes Volts Volts Volts 1\J icrOI11 hos*

II LOW 1.1 0.25 -4·5 9° +'15
12 LOW 1 . I 0.25 -4·5 · . 9° 425

]] '1-.'\ HIGH 5. 0 0.25 -9. 0 .. 135 1600
120 LOW 3·3 0.132 -22·5 135 510

17' HIGH 5. 0 0.5° -4°·5 .. 180 1500

171-A HIGH 5° 0.25 -40 .5 · . 180 1500

199 LOW 3·3 0. 063 -4·5 .. 9° 420
::lOO-A HIGH 5. 0 0.25 ° 45 67°
'100-8 LOW 5. 0 0. 125 ° 45 67°
'101-A HIGH 5. 0 0.25 -45 · . 9° 74°
201-8 LOW 5. 0 0. 125 -4·5 · . 9° 74°
210 HIGH 75 J. 25 -.15. 0 425 1600
2'12 LOW 3·3 0.132 -1·5 45 ]35 35°
224 HIGH 2 5 I ·75 -J .5 75 180 1°5°
226 HIGH 1·5 1·°5 -9. 0 · . 135 JI00

227 HIGH 2.25 1·75 -4·5 9° 900

24° HIGH 5. 0 0.25 -J.o .. 180 200

245 HIGH 2·5 1·5 -3-1-·5 180 1800

25° HIGH 7 5 I . '25 -84. 0 4,0 1800

842 HIGH 7· 5 1.25 -100,0 425 1200
865 HIGH 7· 5 2.0 ° ]25 500 75 0

:+: The values of mutual conductance given in this table are nOt intended to be standard. For more informa
tion consult the data sheet issued by the manufacturer of the particular brand of tube under test and accept
his rating. Some manufacturers express mutual conductance in milliamperes per volt; I milliampere per volt
being equivalent to 1000 microlJ1hos.

tically eliminated by shunting the
plate battery wi th a condenser ha ving
a capacitance of about 2 microfarads.

The current-carrying capacity of R z
is great enough to make the mutual
conductance meter available for meas
uring tubes having plate currents of as
much as 250 milliamperes. High plate
currents, of course, usually mean high
plate voltages, and, inasmuch as the
telephone recei vers are connected in to
the plate circui t of a tu be, it is impor
tant that the operator be protected
against coming in contact with any of
the plate-battery terminals.

It is desirable that tubes be tested
for short-circu ited elemen ts before
being placed in the mutual-conduct
ance meter. A glance at Figure 2 will
show that when any of the elements in
the tube are short-circuited, the entire
plate battery is impressed across Rz,
and, al though R2 will carry at least 250

milliamperes, it will not withstand the
heavy short-circuit current from the
plate battery. If it is impractical to
make a preliminary test for short-cir
cuited elements, a protective relay or a
fuse may be inserted in series with the
plate battery.



A RECTIFIER-TYPE ~/IETER FOR POvVER OUTPUT
~IEASUREMENTSAT AUDIO FREQUENCIES

'By JOH N D. CH AWFOJ<D

I N the course of routine experimental
work in the laboratory there often
occurs the need for a convenient

means of measuring the power deliv
ered by a device at frequencies for
which the ordinary dynamometer
type of wattmeter fails. This problem
might, for instance, appear when test
ing the audio-frequency amplifiers of a
public-address system or when making
the standard fidelity, sensitivity, and
selectivity tests upon radio receivers.
In each instance the power output of
the tested device is measured and then
compared with a measurement of
either power or voltage made upon the
input.

The usual method for measuring
power output is to make the device
under test feed a resistive load whose
resistance at the test frequency is
known. Then, if the current to or the
vol tage drop across the load be meas-

ured, the power delivered to it can be
easily computed from the relation

£2
w= R or W=I2R (r)

where J/J7= power delivered to the load
in watts

E = voltage drop across the load
in volts

I = curren t to the load in amperes
R = resistance of the load in

ohms.

The accuracy of this method de
pends, of cour~e, upon the accuracy
with which Rand E or I have been
determined. Since R enters directly, the
percentage error in W caused by an
error in R is the same as the percentage
error in R, but, because the square of
both E and I are invol ved, the percen
tage error in W introduced by errors in
E and I is slightly more than twice as
great. Wi th an error in E or I of 5 per

FIGURE I. The TYPE +86 Output Merer
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FJGL:RE 2. Schematic wiring diagram fur the TYPE
+86 Omput Meter. The numerals beside each of
rhe switch points at the left indicate the value of

the multiplying factor for the voltmeter

Meter, shown in the photograph of
Figure I. One of the new copper-oxide
rectifier vol tmeters wi th a full scale
reading of 3 volts is equipped with a
multiplier which increases the full scale
reading to five, twenty, and fifty times
this value. At the same time the input
impedance of the instrument is kept at
4000 ohms so that, in effect, there is a
constant 400o-ohm load circuit with an
adjustable-range vol tmeter connected
across it. This is made possible by the
L-type network shown in Figure 2. The

total resistance of the series arm and of
the shunt arm (including the meter cir
cuit) is kept at a constant value of 4000
ohms, and the ratio of the impedance of
the shunt arm and meter circuit to the
total resistance of 4000 ohms is the
multiplying factor for the voltmeter.

Inasmuch as the input impedance to
the instrument is known, the power
delivered to it can be computed from
equation (I). The output meter with a
maximum range of IS0 volts and an in
put resistance of 4000 ohms can, there
fore, be used to measure power outputs
of as grea t as

(50 X3)2
-'-"--'::":"-= 5.6 watts.

4°00

In addi tion to the factors already
mentioned, the accuracy of this instru"
men t depends upon the 'accuracy of the

cen t., for instance, an error of 12.5 per
cen t. in W resul ts; wi th an error of 10

per cent., there is an error of 21.0 per
cent. in W. -

The entire question of accurac)' in
measurements of this kind is one that
must be carefully considered in choos
ing instruments. They hould be capa
ble of giving as accurate results as are
justified by the proposed test, yet, if too
great an accuracy be demanded, the
cost of the instrument may increase out
of all proportion to its usefulness. Jn
making the standard tests upon radio
receivers, for instance, the radio-fre
quency voltage delivered by the best
available calibrated generator for labo
ratory use has a possi ble error of 5 per
cent. in voltage. Little would be gained
if it were necessary to build a special
power-measuring circuit having an ac
curacy very greatly in excess of this
value.

The indicating instruments most
often used for measuremen ts over the
audio-frequency band are the vacuum
tube voltmeter, the hot-wire ammeter,
and the thermocouple ammeter, all of
which may be designed to have excel
lent frequency-response characteris
tics. Cooperating with the General
Radio Company, a large manufacturer
of electrical instruments has developed
a new altern a ti ng-curren t vol tmeter
which makes use of four small copper
oxide rectifiers connected in circuit
with a direct-current galvanometer.
When alternating voltages are applied,
the resulting rectified current causes a
deflection in the galvanometer which is
calibrated directly in root-mean-square
volts. The principal advantages of this
instrument are its comparatively low
cost and its ruggedness. It is able to
withstand a considerable amount of
overvoltage with no damage other than
the bending of the pointer.

The General Radio Company has de
veloped for use in the measuremen t of
power output its TYPE 486 Output

so
$

~20

~

o

SHU~IT

v
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multiplier. The voltmeter itself is ac
curate to within 5 per cent. of its full
scale reading at frequencies between 2 r

and 5000 cycles. At frequencies between
,000 and IO,OOO cycles, the accuracy is
~vithin IO per ce~t. of the full s~ale
reading. The resistance units in the
output meter are designed and ad
justed to have an accuracy that is
consistent wi th the percen tage error in
the voltmeter itsel r.

Tnere is inherent in all meters of the
rectifier type an error that cannot be
overlooked. The impedance of any
rectifier is a function of the amount of
current passing through it, and since
the rectifier type of voltmeter that we
have been discussing depends for its
operation upon the measurement of
different amounts of current, we may
expect that its impedance will depend
upon the voltage being measured. This
has been found to be true and the TYPE
486 Output leter has under some cir
cumstances an error due to this fact.

Measurements made upon the volt
meter used in the TYPE 486 Output
Meter show that the impedance varies
in the ratio of about five to three for
deflections between 0.5 and 3 vol ts
(full scale). This variation is partially
compensated by shunting the voltmeter
wi I h a resistance of such value that the
total impedance of the resul ting parallel
circuit is 4000 ohms when the volt
meter indicates 2 volts (two-thirds full
scale). For deflections other than 2 vol ts
an error is introduced in power meas
urements which depends upon the input
impedance of the output meter.

The error in the measured power is
appreciable only when the multiplier
switch is in the I position. Then the
shunted voltmeter is connected di
rectly to the input terminals and varia
tions in its impedance appear directly
as variations in the impedance of the
output meter, and, consequently, as
errors in measured power. :\t the 1.0

volt scale reading, the power error may

be as great as J I per cen t.; at the 2-\'01 t
scale reading, the power measuremen t
will be correct; and in the 3-volt scale
position, the power error will be about 9
per cent. The measured power will be
low at the low end of the scale and high
at the high end of the scale.

When the multiplier switch is in any
other position, there is connected across
the shun ted vol tmeter the addi tional
shunt arm of the L-type network,
which minimizes the variations in im
pedance so that when the multiplying
factor is five, twenty, or fifty, the
error introduced in the input impedance
and in the value of the multipl~'ing iac
tor is less than one per cen t.

At first glance the error involved in
the use of the directly-connected volt
meter in the ou tpu t meter would
appear to make it useless. ,-\ctually,
however, most measurements of output
power are made at power levels greater
than the 2.25 milliwatts represented by
a meter reading of 3 volts. For in
stance, the standard reference power
level (or use in making measurements
upon broadcast receivers is 50 milli
watts,.and. practically. the only use for
the low range on the output meter is in
the neutralizing and ganging o( tuning
controls by means o( a low-power radio
frequency oscillator. The output meter
will also be found useful for measuring
the amount of power-supply hum that
is present in the output of an audio-fre
quency amplifier. For all of these uses
the error in measured power is not
senous.

I t is also a fact that the low range of
the output meter will usually be used
for measuring voltage rather than
power. For this use, impedance varia
tions will cause no appreciable error.

The impedance of the output meter
was set at 4000 ohms becau e that
value is fairly representative of the
average impedance of a high-impedance
(cone-type, etc.) loud-speaker. For
making measurements upon amplifiers
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with self-contained output circuits for
delivering power to a dynamic loud
speaker, the impedance of the output
meter will be much too large. Here the
instrument is intended to be used as
a vol tmeter connected across an ex
ternal dummy load of suitable resist
ance (35 ohm~, perhaps).

The TYPE 486 Output Meter cannot
be used in circuits where direct cur
rent is present. The direct-current com
ponent may be eliminated by the use of
a suitable transformer or speaker filter,

or by connecting a large condenser in
series with the output meter. The con
denser should have a very small volt
age drop across it as compared with
the total drop across the output meter.
For u e at 25 cycles, for example, the
condenser should have a capacitance of
at least 2 microfarads; 4 microfarads
would be better.

The price of the TYPE 486 Output
l\leter is ~34.00, the panel size is 7-3 8
inches by 5 inches, its weight is 2;,{
pounds, and the code word is 1.-\LAY.

Hovv AND WHY THE FADER

13)' HORATIO \iV. L:-L\ISO~

WE assume that all of our
readers are familiar wi th the
effecti ve motion picture tech

nique, the fade-out, whereby the close
'of a scene is dissol ved by restricting the
field of view towards the cen ter of the
picture frame, and, at the same time,
reducing the intensity of illumination.
This is usually accomplished in the
studio by slowly closing one or two
iris shutters while the camera is in
operation, or the fade-out may be pro
duced in the projection booth by the
manipulation of an iris shutter on the
projector. \'\'i th the adven t of syn
chronous and non-synchronous sound
accompaniment for motion pictures,
the need arose for an analogous acous
tical fading-out device, the fader.

The purpose of this instrument* is
twofold. The acoustical condition of a
theater, due to its dimensions, architec
tural features, and especially the size of
the audience, varies considerably from

* Horatio \'T. Lamson, "How and Why the
Talkies," General Radio Experimenter, JlI, De
cember, 19~8, and Januar~', J929.

time to time, so that the fader serve
first of all as aeon venien t means for
controlling the volume level of the re
produced sound in order to achieve the
most natural and pleasing results. The
proper moni tori ng of a sound presen ta
tion to meet the existing conditions
contributes greatly to the success of
the program.

The fader also provides for reducing
the output of an expiring film or disc
sound track to zero and subsequently
building up the level of the new sound
track to the proper value. :\n abrupt
change between the sound tracks at full
volume level gives rise to undesirable
transien ts in the electrical systems. By
the use of the fader the c1~ange frorn
one to the other can be made in such
small steps that it is not perceived by
the audience, and transien ts are mini
mized even though the transfer is made
as quickly as possible. To accomplish
these purposes the fader is buil t in the
form of a two-sided or bilateral at
tenuator. \Ye propose to discuss the
relative merits of various types of
faders.
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FIGURE 2

It is often desirable to interpose a
transformer between the pickup and
the amplifier. In this case the fader
arrangement shown in Figure 3 might

(r)
l'

N=20 log-·
R

~_---4R_LJ--Illt=

which the wire is wound be cut in the
proper shape.

The calibration of the arrangement
shown in Figure 2 is simple, since no
power is drawn from the output. If l'

be the resistance between s and the
filament, then the number N of decibels
attenuation for any particular scale
position of s is given by

II
The simplest scheme is shown in

Figure 2. PI and Pz represent two
pickups (for film or disc tracks), and s
is a movable contact which slides along
the resistances R and connects to the
grid of an amplifier tube. Here, be
cause the tube draws no energy, the
fader operates as a simple voltage
divider having a total resistance of 2R.
The load R in which each pickup is
terminated should have a value ap
proximating the impedance of the
pickup if it is desired to match imped
ances.

The adjustable resistance in all of
these faders may be constructed in one
of two forms: as a continuously-ad
justable slide-wire or as a step-by-step
"attenuator in which a contact-stud type
of switch adjusts the attenuation in
predetermined discrete incremen ts to
give any desired calibration scale,
which, however, is usually made uni
form in decibels. The slide-wire type
may likewise have a scale calibrated
uniformly in decibels if the form upon

FIGURE I. The General Radio TYPE 598 Fader. :\t the left is the fader proper; at the right i the
"dummy" or auxiliary control. Jn practice the two are mechanically coupled
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FIGURE 5

fader which consists of an adjustable
H- or T-type network after the manner
shown (for a T-type) in Figure 5 which
requires three sliding conMcts. To
increase the attenuation the two re
sistances ':{'I and X 2 are increased,
and, simultaneously, the resistance r
is decreased. This ideal network re
quires a complicated and expensive
switching mechanism which represents,
for talking pictures, a greater refine
ment than is warranted in practice.

The first step toward obtaining an
economical design wi thout noticeabl~'

sacrificing quality is shown in the com
pensated fader of Figure 6 in which a
compensating resistance C is adjusted
in synchronism with R. This gives us
an adjustable T-type network in which
the total resistance of one series arm
plus the shunt arm 1" remains constant.
] f the adjustable series or compensating
arm C be located, as shown, on the side

The method of Figure + uggests it
self. This is an L-type network in
which both the series and shunt arms
are adjustable in such a manner that
their sum remains constant and equal
to R. Such an arrangement is, however,
undesirable for two reasons. First, the
matching of the pickup and load im
pedances in both directions is poor,
and, second, the output circuit being
largely inductive, the attenuation for a
given setting of the fader is a function
of the frequency. The resulting suppres
sion of the higher harmonics causes dis
tortion.

These difficulties may, of course, be
largely overcome by employing a

TI ~

c[J11
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FIGl"RE J

tanee from the amplifier and adjacent
to the operators tanding beside the
projection machines. This service re
quirement may be met by making the
fader operate not as a voltage divider
but as a current attenuator.

be used. Here the values of R should be
quite large so that the currents drawn
from the secondary coils of the trans
formers 1'1 and ·1'2 will not be of
sufficient magnitude to injure their
frequency-response characteristics. The
calibration equation is, of course, the
same a that for the arrangemen t of
Figure 2.

The faders function in both Figures '2

and 3 purely as voltage dividers. When
these methods are used, it is highly de
sirable that the fader be made an
integral part of the amplifier so that
the lead connecting s to the grid of the
tube may be shielded and kept as
short as possible. Such a procedure is
feasible in non-synchronized equip
ment, but it is not so desirable with
synchronized apparatus where it is
more convenient to have the fader in
the form of a separate unit at a dis-
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toward the pickup, it is possible by
proper design to maintain the imped
ance into which the pickup works at a
constant value. This is the most im
portant matching requirement. The
impedance looking back from the load
will vary between R and some mini
mum value, but this is relatively unim
portant. To increase the atte~uation
the sliding con tacts are moved so as
to reduce l' and increase C. The cali
bration of such a fader presents too
lengthy a problem for analysis here.

I t has been found in practice that
the fader shown in Figure 6 may be
further simplified and still give suffi-

FIGt:RE 6

ciently correct impedance relations to
prevent intoducing noticeable distor
tion. This is accomplished by giving C
a fixed value of the proper amount.
We now have a T-type network in
which one series arm C is held constant,
while the other series arm and the

FIGURE 8. View of TYPE 598 Fader showing
connection panel and selector switch for changing

from film to disc track

shunt arm are varied in such a manner
that their sum remains constant and
equal to R. This network gives the
correct impedance looking out from the
pickup at only one setting which in
practice is chosen at approxi matel y
two-thirds of the full volume level.

The schematic diagram for a fader
arranged for economy of resistance
units and having fixed compensation
and a step-b)'-step adjustment of
attenuation is shown in Figure 7.

Faders for synchronized equipmen t
frequently carr~' a selector switch (not
shown in Figure 7) for shifting the
pickup terminals from the film to the

l I

!IIIC:r---+----1 ~
0----------

0- - - - - - - - - - - - --

FIGL"RE 7. Schematic diagram for a fader like that shown in Figures I and 8. The connection., for the
selector switch are not shown
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disc sound track. Such faders are
usually provided wi th fi fteen steps on
each side which are calibrated to give
about three decibels attenuation each.
They may, of course, be designed to
have any desired impedance and atten
uation, but, in order to minimize in
ductive interference in these circuits
which are connected to the input of a
powerful amplifier * the impedance
should be kept as low as possible. Thus,
the very high impedance photo-eleetl'ic
cell is connected to an amplifier located
adjacent to the cell. The signal from
this amplifier, which has a low internal
output impedance, is subsequently fed
into the fader at approximately the
same energy level obtained directly
from the disc pickup.

In order to minimize impedance
variations or to match unlike input
and output circuit impedances, it is
occasionally the practice to install
fixed networks or pads before and
after the fader. Such pads necessarily
introduce a certain amount of attenua
tion which must be compensated for by
an increase in the over-all gain of the
amplifying system.

For convenience of the operators the
fader is usuallv installed near one
projector; and; dummy control unit,
carrying a duplicate scale, is mounted
beside the other, the dummy and the
fader being joined by appropriate
shafting. In certain installations auxili
ary change-over switching mechanisms
are placed in the dummy control unit.

In designing the various mechanical
features of the fader, it should be
borne in mind that motion picture
theaters are scattered far and wide
over the land and that a large majority
of them do not have immediate ac
cess to a trained technician. Unlike a
vacuum tube or a photo-electric cell,
a defective fader cannot be replaced or

* Op. cit.

repaired in a moment's time. A failure
of this device would seriously interrupt
a program schedule.

It is, therefore, of paramount im
portance that, in conjunction with
the amplifiers and associated equip
men t, the fader be rugged in construc
tion and as free from service troubles
as good design, workmanship, and ma
terials can insure. The containing cabi
net and switching mechanism should
be ruggedly built and rigidly mounted
so that they will withstand an indefi
nite amount of ordinary handling.

If a dummy control be used, there
must be no appreciable backlash be
tween the dials of the dummy and mas
ter units. Early types of faders made
use of a rack and pinion drive between
the units. This was soon found to
be unsatisfactory and was superseded
by bevel gears and shafting equipped
with universal joints to relieve in
accuracies in the mounting alignment.
The most recent design, introduced by
the General Radio Company and il
lustrated in Figures I and 8, eliminates
the need for bevel gears and requires
only straight shafting and universal
joints between the dials of the master
fader and the dummy con trol.

I t has been found that a properly de
signed step-by-step contact switch is
quieter and more reliable in its elec
trical operation than the ordinary form
of continuously-variable slide wire.

Care must be taken, however, in the
proper choice of materials for the con
tact studs and brushes in order to ob
tain a combination which shall be free
from oxidation which might introduce
erratic con tact resistances. Minute
current variations produced thereby,
after enormous amplification, would
in troduce, especially at high volume
levels, a disagreeable scratching noise
in the loud speakers whenever the fader
:vas. manipulated or subjected to

prrIng.
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'By THE EDITOR

DURING the past few months
the General Radio Company
has been making extensive

changes in its organ iza tion for the
handling of engineering information.
These changes have made necessary the
combining of the July and the :\ugust
issue of the Experimenter.

* * * *
Those readers of the Experimente1'

who followed the discussion of the new
General Radio system for determining
frequency that was described by J. K.
Clapp in the March and April issues
will be interested in knowing that more
data is now available. The name
" tandard-Frequency Assem bl y" has
been given to this combination of
working standard, multivibrators, and
timing mechanisms.

Copies of the new descriptive li tera
ture may be obtained by writing for the
Supplementary Information Sheets of
the 500- eries. A t the same time,
the particular problem in the measure
ment of time or frequency which
interests you should be mentioned.

* * * *
There will be enclosed wi th the Sep

tember issue of the Experimenter a
return postal mailing card upon which
readers will be asked to indicate
whether or not they wish to continue
upon the mailing li~t. We mention this
now so that you may be looking for it.

* * * *
In Mr. Burke's article on the meas

urement of mutual-conductance he
states (page 5) that the TYPE 4+3
Mutual-Conductance Meter may be
used to make measurements upon
tubes having plate currents as great as
250 milliamperes. This holds true only
for instruments bearing a l':rial number

of 73 or higher. Those with a smaller
serial number have a maximum cur
rent-carrying capacity of about 65
milliamperes.

Anyone having a meter with the low
plate-current rating who wishes to
con vert it in to one with the high-curren t
rating, may do so by replacing the
plate resistor R2 • The price of the
replacement resistor is $1.00. When it
is installed by the General Radio
Company, there is an additional charge
of $3.00 to cover the cost of labor.
There is no reason why anyone who
can do a good job of soldering should
not make the change for himself.

*" * * *
In the June issue of the Expe1'imenter

we presented a few preliminary specifi
cations about three new testing in
struments that the General Radio
Company was preparing to manufac
ture for radio service laboratories.

The situation with respect to the
TYPE 360 Test Oscillator and the
TYPE 404 Test-Signal Generator re
mains practically unchanged. The for
mer is, however, about to go into
production, pending an inspection by
the Radio-Victor Corporation of _'\.mer
ica to see whether it meets the service
testing requirements of the Radiola
superheterodyne receivers. It will be a
general-purpose testing instrument for
use with all types of receiving sets with
addi tional circui ts for testing super
heterodynes.

The price will be $110.00. Orders are
now being accepted for delivery Octo
ber 10, and final specifications will be
announced in the next issue of the
Experimenter.

The following is quoted from the
preliminary description of the TYPE
40+ Test-Signal Generator that ap-

[ IS ]
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peared in the June issue of the Expe1'i
menter: "It will have a modulated
vacuum-tu be oscillator capable of be
ing operated at any frequency in the
broadcast band. Across the output of
this oscillator will be connected an
attenuator or voltage divider so that
known radio-frequency voltages may
be impressed upon the input circuit
of the receiver. By measuring output
power .. , an approximate frequency
response curve may be obtained for
the recei ver."

The price and delivery date of the
TYPE 404 Test-Signal Generator will be
made later on.

* * * *
The TYPE 598 Fader illustrated on

page II is the newest design of' fader
that the General Radio Company is
building for the talking motion picture
industry. For a forthcoming issue of
the Experimenter we are preparing a
descriptive summary of the faders and
of the resistance networks capable of
being adapted for use as faders, which
are manufactured by this company.

The TYPE 598 Fader is built only
to order. Prices will be quoted on appli
cation.

* * * *
The General Radio Company takes

pleasure in announcing that Harold S.
Wilkins joined its staff on July I, as a
member of the Engineering Depart
ment, specializing on mechanical de
sign problems. Mr. Wilkins was gradu
ated from the course in electro-chemical
engineering at the Massachusetts In
stitute of Technology in 1914. He has
been with the Bureau of Mines and
with the Chemical Warfare Service of

the U. S. Army. Since 1919 he has
been engaged in mechanical and elec
trical engineering work for Gray and
Davis of Cambridge, H. C. Dodge,
Inc., and the S. A. Woods Machine
Company of Boston. In the year just
passed he has been conducting a con
sulting business and making experi
mental investigations on electrical
refrigerators, oil burners, and house
hold appliances.

Mr. Wilkins is now working on
several new instruments, among which
is a new synchronous-motor-driven
clock that will supersede the TYPE 41 I

Synchronous Motor.

CONTRIBUTORS
The contributors to this issue of the

Experimenter are all members of the
General Radio Company's Engineering
Departmen t:

CHARLES 1'. BuRKE, S.B., Massachu
setts Institute of Technology, 1923,
S.M., 1924. f f Engineering Depart
ment, General Radio Company, 1924 to
date.

JOHN D. CRAWFORD, S.B., Massa
chusetts Institute of Technology,
'1927. f f The Technology Review,
1927-1929. f f Engineering Depart
ment and Editor, General Radio Ex
perimenter, General Radio Company,
1929.

HORATIO V\'. LAMSON, S.B., Massa
chusetts Institute of Technology, 1915.
f f A.M., Harvard University, 1917. f f

Physicist and Radio Engineer, U. S.
Navy, 1917-1921. f f Engineering De
partment, General Radio Company,
1921 to date.

The General Radio Experimenter is published
each month to furnish descriptions of the latest de
velopments in General Radio apparatus and to dis
tribute useful engineering information. It is sent
without charge to interested persons. Address re
quests to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS ~"
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IiVIPROVI G THE PRECI 10 J OF SETTI JG IN A

TED-CIRCUIT V\lAVElVIETER

'By Jf\:\IES K. CLAPP

*Although the TYPE 224 Precision Wave
meters have for some time been calibrated both
in frequency and in wavelength, they are still
known as wauemelers for catalog purpo es.

T HE difficulty in observing accu
rately the true resonance setting
of the variable condenser in a

tuned-circuit wavemeter is known to
anyone who has attempted to make
precision measurements by looking for
the current maximum. The peak of the
resonance curve is so flat that the pre
cision of setting the condenser is often
far less than the inheren t accuracy of a
high-grade tuned-circuit wavemeter.
These difficulties have led to the de
\'elopment of the incremental capacit~·

method for indicating resonance and to
its being included in the General Radio
Company's TYPE 224-R Precision
\Vavemeter,* a special instrument to
cover the high-frequency bands.

The essentials of the circuit are in
dicated in Figure I) where the fixed
inductance L, the variable condenser
C, and the thermogalvanometer I make
up the usual wavemeter circuit. The
fixed air condenser (marked !::'C, for
incremental capacity) and the push
button switch are the additional ele
ments for making possible a more
precise adjustment of C. The by-pass

condenser, shown in dotted lines,
makes the readings of the thermo
galvanometer more nearly constant
over the frequency range.

When testing for resonance by the
incremental capacity method, the main
tuning condenser C (which is of the
worm-drive precision type) is slowly
adjusted, and the push-button switch is
alternately opened and closed. There
will be found an adjustment of C
where the thermogalvanometer reading
does not change when the push button
is operated. This is the desired acl
justment.

The principle of this procedure is
shown in Figure 2, where 11 and 12
correspond to the two settings of C,
C1 and C2. Since II and 12 are equal, the
thermogalvanometer shows no change
in reading when the push button is
operated. The scale reading of C, corre
sponding to C1, is taken as the calibra
tion setting for the frequency in ques
tion. This is allowable, since, in a given
wavemeter circuit, there is a definite
relationship between CI, which corre
sponds to the scale setting observed,
and Co, which corresponds to the true
resonance condi tion.

Suppose the main condenser C to be
set at a value of capacity slightly less

[ I ]
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FIGURE I. Circuit for a tuned-circuit wavemeter
to be used with the incremental capacity method

of indicating resonance

than CI (see Figure 2). The correspond
ing current is 1'1 which is less than II.
When the push button is depressed and
the condenser ::'C is shunted across
C, there results 1'2, which is greater
than 12• For this setting of C, operating
the push button causes the current to
change from 1'1 to 1'2. This change,
which is quite noticeable, makes possi
ble a precise adjustment of C.

When using this method, it is only
necessary to observe how the current I
behaves when the push button is oper
ated in order to tell whether the setting
of C is too high or too low. I f the setting
of C be too low, depressing the push
button will increase the reading of I; jf
the setting of C be too high, depressing
the push button will decrease the
reading of I.

A wavemeter which has been con
structed and calibrated for use with the
incremental capacity method must be
used with some care and caution, since
it is not in resonance with the frequency
being measured for either position of
the push button. The ordinary wave
meter calibrated for maximum deflec
tion of the thermogalvanometer I is
intended to be in resonance.

Inasmuch as a tuned-circuit wave
meter is coupled to the circuit being
measured, the coupling coils of the
wavemeter and of the measured circuit
are, in effect, the primary and second
ary windings of a transformer. The im-

pedance of the wavemeter circuit is
reflected into the oscillator circuit by
" transformer action," the magni tude of
the reaction depending upon the value
of coupling between the two circuits.
For close coupling the reflected im
pedance may be large enough to mate
rially modify the effective impedance of
the oscillator circuit. It should, there
fore, be apparent that when a wave
meter is coupled to an uncontrolled
vacuum-tube circui t,* the wavemeter
may react upon the oscillator and
change its frequency.

\Vhen the wavemeter is in resonance,
the impedance reflected into the oscilla-

FIGURE 2. Typical resonance curve showing the
operation of the incremental capacity methoo

tor is non-reactive and Ii ttle damage is
done because pure resistance intro
duced into an oscillator circuit causes a
frequency change that is en tirely
negligible. If the wavemeter be out of
resonance, the reflected impedance has
an appreciable reactive component
which alters the reactance of the oscilla
tor circuit, and consequently alters the
frequency of the oscillator.

The reactance reflected into the os
cillator circuit depends upon the
amount by which the wavemeter is de
tuned, for a given value of coupling.
The de-tuning is dependent upon the
ratio of the incremental condenser,

*One whose frequency is determined by the
reactance of the tuned circuit, in other words.
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tJ.C, to the variable condenser C. As
the value of C is changed in adjusting
the wa\'emeter over its range, the reac
tion of the wavemeter on the oscillator
also varies. By choice of the value of
coupling empioyed with each setting
of the wavemeter, the reaction may be
kept at a small and practically constant
value.

The precision with which readings
may be taken with a wavemeter fitted
with this incremental condenser is
remarkably high, of the order of one
part in 20,000. This means that an
oscillator could be set to within 1000

cycles of a desired frequency in the
vicinity of 20,000 kilocycles, or IS
meters. The absolute accuracy of the
wavemeter involves such factors as the
permanence of construction of the coils
and variable condenser and the changes

in the constants of the circuit with
temperature.

It must be borne in mind that the
rating of the oscillator has nothing to
do with the shiFt in frequency that will
be caused by improper handling of the
wavemeter.lf the wavemeter is coupled
to 5-watt and lOoo-watt oscillators
having identical tuning characteristics,
then the wavemeter will cause the same
shift in frequency in both for the same
values ofwavemeter-oscillator coupling.

For this reason, the push-button
type of wavemeter must be used with
care and the coupling kept as small
as possible. Ordinarily no difficulty is
encountered when measuring the
frequency of a transmitter if the wave
meter be coupled to the power am
plifier following any form of master
oscillator.

FIGURE 3. A special TYPE '2'24-R Precision Wavemeter equipped with a push-button switch
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view, it should be as foolproof a device
as the phonograph or the automobile,
and he will not pay for the expense of
tearing down his set whenever minor
troubles develop.

There are now available on the mar
ket instruments for making service
tests which not only make it possible to
do more work in less time, but also to
do a materiall y better job of it.
'Vhether or not the service man will
equip himself with good instruments or
depend upon cut-and-try methods is
a question that he must settle for him
self, purely on a basis of cost. If one
serviceman in agivenlocality makes use
of the best available testing equipment
and is enabled thereby to do better
work at a lower cost than his competi
tor, the competitor will be forced to
adopt similar methods or else go out of
busine:;s. Many of these helps the
service man may construct for himself,
but here again, he must decide whether
he has saved anything by building his
own after allowing for the cost of hi
time.

A RADIO-FREQ..UENCY DRIVER FOR THE
SERVICE LABORATORY

THE service laboratory which spe
cializes in the maintenance and
repair of radio receivers finds it

self in a position very much like that of
the automobile garage. Present-day re
ceivers are almost as complex as auto
mobiles and it requires the same high
type of work to service both. There was
a time when anyone owning a few
wrenches and a tire pump could set
himself up as an automobile service
station, but that day is gone. Garages
equipped with many kinds of special
tools are able to perform work so much
cheaper that the man without equip
ment must often charge less than his
cost in order to compete.

There was also a time when all that
one needed to service a radio receiver
was to possess a working knowledge of
two or three popular circuits and an
ability to handle a screwdriver and a
soldering iron. Only the simplest of
tools were required. The radio-fre
quency section of most receivers con
sisted of a relatively simple set of
tuning controls which operated the
detector tube; or, if there were radio
frequency amplifiers, each one had its
own control. Troubles were easy to The troubles that may arise in a
localize when one could get at all the modern radio receiver may be roughly
connections. classified into the following three

The modern radio receiver with groups: (a) those due to defective tubes,
ganged tuning controls and chassis (b) those due to defects in the audio
construction presents a much more amplifier system, and (c) those that ap
difficult service problem. Ganged con- pear in the radio-frequency amplifier
trois and concealed wiring make it and detector units. Tube troubles will
troublesome in many cases to use obso- be disclosed by anyone of a number
lete cut-and-try methods. Besides, the of testing units now on the market;
cost of doing service work must now be many audio-amplifier troubles may be
taken into consideration. The owner of quite satisfactorily investigated by
a radio set looks upon it as a finished simple direct-current continuity tests.
instrument installed in his home to give For making checks upon the radio
him entertainment. From his point of frequency system, however, the funda-

[4J
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mental testing device that must be
used is a modulated radio-frequency
oscillator, for furnishing a test signal at
one or more points in the broadcast
band.

When neutralizing, when adjusting
trimming condensers, when aligning
gang tuning controls, when making
general radio-frequency con tinui ty
tests, and when making anyone of a
num bel' of other investigations in the
absence of a reliable signal from several
different broadcasting stations, a test
oscillator is an absolute necessity if an
intelligent test is to be made. Since
practically everyone of the new re
ceivers uses a complicated radio-fre
quency amplifier, the importance of a
radio-frequency driving circuit for the
service laboratory needs no further
eml hasis.

III
To meet the demand for a general

purpose driving oscillator, the General
Radio Company has developed its
TYPE 360 Test Oscillator shown in Fig
ure 1. This instrument consists of a
modulated radio-frequency oscillator

FIGURE I. The TYPE 360 Test Oscillator

which will operate at any point in the
broadcast band (550 to 1500 kilocycles)

1"- -- --- -- -- - -- ---,
I
I
I
1 MODULATED .....-

..::b.
A

I R-F. OSCILLATOR
"'T" I RECEIVER
..:::!:::.. I 500 TO ISOO KC UNDER--.=.. B AND TEST

T 175 8- 180 KC -

OUTPUT ~
VOLTMETER V :.

TYPE 360 TEST OSCILLATOR

FIGURE 2. Functional schematic diagram for the 'l\'PE 360 Test Oscillator
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FIGURE 3. 'ove! test
tool for use wi th the
TYPE 360 Test Oscil-

lator

and in addi tion, it delivers a signal at
175 and 180 kilocycles for making tests
lIpon the intermediate-frequency stages
of superheterodyne receivers.

The frequency of the test oscillator
in the broadcast band is adjusted by
means of a variable condenser whose
dial is calibrated directly in frequency
(kilocycles) with an accuracy of 2 per
cent. This makes it possible to know in
which part of the broadcast
band the test is being made.
I t also makes possi ble the
aPP~oximate calibration of a
receiver.

The two test frequencies
at 175 and at 180 kilocycles
are made available by a
selector switch, which takes
care of the necessary changes
in the tuned circuits. A small
variable condenser which per
mits varying the oscillator
frequency over a band of
about 4 kilocycles on each
side of the specified channel
is included in the circuit. The
channel frequency is adjusted
by the General Radio Com
pany to the specified value
with an accuracy of plus or
minus 0.25 per cent.

The driver is modulated
at a frequency of approxi
mately 800 cycles by means
of a grid leak and condenser. This
is, of course, supplied so that some
kind of a signal-indicating device
(phones or voltmeter) may be used in
the output circuit of the detector tube
or of the audio-frequency amplifier to
show resonance. This system provides
complete (roo per cent.) modulation.
It must be remembered, however, that
the test oscillator is intended for gen
eral testing rather than for making
quantitative measurements.

The TYPE 360 Test Oscillator is
provided with an output voltmeter for
showing when an adjustment on the

receiver results in a maximum output.
The output voltmeter is the same one
that is used in the TYPE 486 Ou tpll t
Meter which was described in the July
August issue of the General Radio Ex
perimenter. It consists of a direct-cur
ren t micro-ammeter in conjunction wi th
a double-wave rectifier of special de
sign. This type of instrument has con
siderable value in alternating-current

measurements, since it per
mits the building of low
range instruments of high
resistance.

The output device IS

brought to pin-jacks on the
panel for connection to the
output circuit of the radio
recei ver under test. A resist
ance network which offers
an impedance of 4000 ohms
is provided for use with the
voltmeter when testing a
receiver designed for use with
a high-impedance (c 0 n e
type) speaker. The voltmeter
is connected directly across
a low-impedance (dynamic)
type of speaker, and a selec
tor switch is provided to
choose between the two con
nections. The output volt
meter is intended only for
the indication of optimum
adjustment and is not de

signed for quantitative measurements.
There is also provision for connecting
a pair of telephone receivers into the
output meter circuit.

The equipment provided with the
TYPE 360 Test Oscillator includes
the necessary leads, long- and short
handled insulated screwdrivers, and the
test tool illustrated in Figure 3.

The test tool consists of a bakeli te
rod with a heavy closed loop at one end
and a flat spade at the other. In align
ing a stage of radio-frequency amplifi
cation in a receiver, the loop end is
brought into the field of the coil, the
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closed loop acting as a short-circuited
turn to reduce the inductance of the
coil. Should this test cause an increase
in signal strength, the trimming capac
ity in the stage should be decreased.

The Bat end of the tool is intended to
be brought near the tuning condenser
of the stage being tested, the resulting
stray capacity to the tool increasing the
effective capacity of the tuning con
denser. A decrease in signal strength
indicates that the tuning capacity for
the stage is either correct or too large;
an increase in signal strength indicates
that the tuning capacity is too small.
This method of test, which is suitable
for all receivers where the parts are
sufficiently accessible, greatly facili
tates the task of aligning the receiver,
since it shows exactly how the trimming
condenser should be adjusted.

The TYPE 360 Test Oscillator em
ploys one II2-type tube which requires
a 6-volt storage battery and 45 volts of
plate battery to operate it. The neces
sary connection leads are provided. A
hand-hole covered by a metal plate is
located in the base of the cabinet so
that the tube may be inserted with
out removing the panel. There is a
small pilot light to show when the

filament of the oscillator tu be is lighted.
The test oscillator is coupled to the

receiver under test by a single lead
wire provided with the instrument. It
is intended that it shall be placed far
enough away from the receiver to mini
mize spurious couplings, even though
the receiver be poorly shielded.

IV

Last year, it will be remembered, the
General Radio Company built a test
oscillator particularly for use in making
adjustments upon the Radiola super
heterodyne receivers. There was a test
signal at 180 kilocycles and one at
either end of the broadcast band. This
instrument is now obsolete, its place
having been taken by the TYPE 360
Test Oscillator. Although it is similar in
many ways to the old one, the new test
oscillator is distinctly a general-purpose
testing device for use with any kind of
receiver whose radio-frequency ampli
fiers are tuned to frequencies wi thin the
oscillator's working range.

The price of the TYPE 360 Test Os
cillator is $110.00, its size is 1O%,
inches by 1O%, inches by 7 inches, its
weight is II)4 pounds, and the code
word is OVATE.

112-A

~
B + A-BLACK A +

SLATE B-YELLOW RED
'----y---J

BATTERY CABLE

164" 3840"

TYPE 360 TEST OSCILLATOR

FIGURE 4. Diagram showing the wiring details for the TYPE 360 Test Oscillator
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1Jy THE EDITOR

ENCLOSED with this issue of the
Experimenter is a postal card
upon which you are asked to

report to us whether or not your name
and address appear correctly on our
stencils. The card will also give you
an opportunity to indicate whether
you wish to continue on the mailing list.

Please print or typewrite your entries
on the card and return it promptly in
order to insure your receiving the Oc
tober issue. Our new mailing list will be
made up from the returned cards.

* * * *
This year's superheterodyne receiv

ers have intermediate-frequency ampli
fiers tuned to 175 kilocycles; last year's
models operated at 180 kilocycles. The
General Radio TYPE 320 Test Oscilla
tor (no longer manufactured) may be
modified to supply the new test fre
quency. There is a charge of 58.50
net for this service, which may be per
formed onlv at our facton'.

Instrum~nts returned for modifica
tion should be carefu lIypacked) shipped
express prepaid, and hear the name and
address of the sender. They should be
accompanied by a letter stating exactly
what changes are to be made.

This repair work will not convert a
TYPE 320 0 cillator into a TYPE 360
Test Oscillator; the latter is an entirely
different instrument.

The General Radio Company takes
pleasure in announcing that on Septem
ber 3 Arthur G. Bousquet joined its
Engineering Department. Since his
graduation from the course in electrical
engineering at Tufts College with the
Class of 1928, he has been with the
Bell Telephone Laboratories, Inc., in
the .-\pparatus Development Depart
ment.

CONTRIBUTORS
Both con tri bu tors to this issue of

the Experimenter are members of the
General Radio Company's Engineering
Department:

JAMES K. CLAPP, S.B., Massachu
setts Institute of Technology, 1923;
S.M.) 1926. u larconi Wireless Tele
graph Company, 191+-16. " llnited
States ~avy, J917-19, foreign service
1918-19. u Radio Corporation of
America 1920, also 1922-23. u Instruc
tor in electrical communications, Mas
sachusetts Institute of Technology,
'923 28. u Engineering Department,
(;eneral Radio Company, specializing
in the development of apparatus for
the precision measurement of frequency
1928 to date.

Readers of the Expet'imenter will
recognize CHARLES T. B RKE as a
previous contributor to the magazine.

The General Radio Experimenter is published
each month to furnish descriptions of the latest de
velopments in General Radio apparatus and to dis
tribute useful engineering information. It is sent
without charge to interested persons. Address re
quests to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD



TheGeT~

Exp
VOL. IV, o. 5

IRadio
.~nter

OCTOBER, 192.9

A LO\V-FREQUE CY OSCILLATOR

'By L. B. ARGUIMBAU

RECENTLY the increased atten- Before going into a discussion of the
tion paid to the operation of characteristics of the new TYPE 377-B
broadcast circuits at the lowest Low-Frequency Oscillator, it may be

audible frequencies has created a of interest to outline briefly the theory
demand for measuring equipment to of its operation so that the necessity
cover this range. With this in view for certain adjustments may be better
the General Radio Company has appreciated.
extended the frequency range of its Consider the amplifier circuit shown
TYPE 377 Low-Frequency Oscillator to in Figure 1. In accordance with the
include all frequencies lying between usual tube theory, a small sinusoidal
25 cycles and 70,000 cycles. voltage eg applied to the grid will

At the same time that this change be amplified in the customary way,
was contemplated it was thought giving rise to a slightly distorted
desirable to design the new oscillator plate-current wave. Most of the higher
for use with one particular type of harmonics are filtered out in the tuned
tube to operate under fixed battery circuit so that the voltage e. across
conditions. In the TYPE 377 Low- the transformer secondary will be
Frequency Oscillator the choice of essentially sinusoidal. If the resistance
tubes and their oper~ing points was R is properly chosen, this secondary
left to the user for the added flexibility voltage can be made exactly equal to
thereby obtained. In many cases, the applied grid voltage. \"hen this
however, the general recommendations has been done, we may connect the
given were not followed; high-power circuit as shown in Figure 2, and
tubes were used with incorrect operat- oscillations will be sustained. The
ing conditions, and the oscillator was departure of the grid voltage from a
seriously overloaded with resultant sine wave depends upon the magnitude
distortion. It was believed that this of the swing and operating point and
situation could best be avoided by also upon the selectivity of the tuned
settling on definite operating condi- circuit. Just as in the usual amplifier
tions, providing an instrument with theory, the least distortion will be
the power level best adapted to the present when the grid-voltage-plate
average user, and employing additional current characteristic of the tube is
amplification if needed in special cases. essentially straight.

[ I ]
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FIGURE J. Vacuum-tube amplifier with input
voltage e. and output voltage e.

It has been found that the grid
current in an oscillator tube provides
a remarkably simple and accurate
means for estimating the amplitude of
oscillation. For a given grid current,
we can say that the grid swing has a
defini te val ue, regardless of the char
acteristic of the coil and the frequency
chosen. Hence, if R is adjusted to give
a predetermined grid current, the grid
will be operating at a given swing, a
consideration of prime importance
when the signal is to supply an amplifier
tube.

For those who may be interested, a
brief sketch of the details is given in
Appendix A. The important point to
be noticed is the close analogy between
an oscillator of this type and a tuned
amplifier. Further application of this
analogy can be made to account
exactly for the waveform obtained
and for the variation of frequency
with operating point, but this is too
involved to be of interest.

The circuit finally adopted for the
TYPE 377-B Low-Frequency Oscillator
is shown schematically in Figure 5
where it will be noticed that this
follows the outline given above. An
adjustable loo,ooo-ohm rheostat R
is used as a feed-back resistance and it
should be adjusted to give a grid
current of 30 micro-amperes (as indi
cated on a 0-200 micro-ampere meter
mounted on the panel). The 50,000
ohm plate-supply resistance r provides
a good coupling device and at the
same time limits the oscillator plate

current to about 2 milliamperes. In
Figure 3 a tuned-plate oscillator is
shown. In practice it was found desir
able to use a Hartley circuit for the
lower end of the range, using the tuned
plate circuit at higher frequencies.

It will be noticed that the output
power is taken off across a slide-wire
potentiometer in the plate circuit of
the last tube. This was done for two
reasons: to preventinteraction wi th
the oscillator tu be and to preven t the
waveform from varying excessively
with the output setting. It should be
noticed that this arrangement makes
the effective output impedance of the
oscillator depend upon the potenti
ometer setting. In a few isolated cases
(such as measurements on harmonic
production in non-linear circuits) this
is undesirable, but for all ordinary
purposes it causes no difficulty. Meas
uremen ts on harmonic production and

FIGURE '2. The amplifier of Figure 1 becomes
an oscillator when its input voltage is supplied by

the output circuit

allied phenomena require special pre
cautions, and no ordinary coupling
device should be used without a
careful consideration of its effect on
the circuit being studied. In all meas
urements on linear circuits where the
effect of harmonic flow is of no inter
est, the impedance of the generator
tube need not be considered; by proper
connections, any source impedance
from zero to an arbitrarily large value
can be simulated. This matter is
treated at length in the November issue
of the Experimenter.
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FIGURE 3. Front of panel view
of TYPE 377-B Low-Frequenc~·

Oscillator. It is mounted in a
heavy hinged-back cabinet

Recognizing that the needs of differ
ent users will vary somewhat, provision
has been made for using either one or
two amplifier tubes. If only a small
amount of power is needed and it is
desired to reduce battery drain to a
minimum, only one tube need be used;
the total plate current will then be
about 10 milliamperes. Without any
change in the circuit, a second tube
may be added in parallel; in this case,
the plate current will then be about
16 milliamperes. Typical output

characteristics for these two cases
are shown in Figure 6.

A series of measurements has been
made with a harmonic analyzer to
determine the dependence of waveform
on operating condi tions. These meas
urements show that the voltage wave
given by the oscillator tube itself
contains no harmonic having an am
plitude larger than 0.5 per cent. of the
fundamental. On the other hand, the
amplifier has been designed to deliver
the maximum amount of power con-

FIGURE 4. This photograph
shows the in ternal construc
tion of the TYPE 377-B
Low-Frequency Oscillator
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sistent with the usual requirements on
waveform. Harmonics introduced by
the amplifier may amount to 3 per
cent. of the fundamental. If much
better waveform is required, it is
necessary to reduce the signal level at
which the last stage is operati ng.
This may be accomplished by substi
tuting a 1.0 megohm resistance for the
0.5 megohm unit in the place marked
A in Figure 5. This change reduces the
harmonics to 1.0 per cen t. of the
fundamental, if the load resistance is
not less than 8000 ohms.

The adjustment of the feed-back
resistance for constant grid current
helps to minimize the changes in
frequency due to operating condition.
Measurements on one particular oscil
lator showed that for frequencies in
the neighborhood of 40 cycles, changes
in plate battery amounting to 25 per
cent. made a change in frequency of
less than o. I per cen t. when the feed
back was readjusted to give 30 micro
amperes. If no adjustment was made,
the departure was less than 0.3 per
cent. If the grid current was allowed
to depart by 10 micro-amperes from
the rated value, the frequency drift
was not more than 0.3 per cent.
Changing the oscillator tube gave rise

to similar differences. At 25 cycles the
changes were about twice as large as
those mentioned (i.e., a maximum of
about one-tenth of a cycle).

These figures refer to frequency
changes covered by tubes and operating
points. Ageing effects may be larger
but they should never exceed 3 per
cent.

ApPENDIX A

Consider the amplifier circuit shown
in Figure I. Assume a sinusoidal vol
tage eg impressed on the grid. When
this swing is very small, we may treat
the circuit in accordance with the usual
tube theory, considering the tube as a
sinusoidal generator !J,eg in series with
a resistance rp , the internal plate im
pedance of the tube. Neglecting the
effect of the shunt resistance rand
the condenser C* we may write for

* By the use of Thevenin's Theorem we may
eliminate the effect of the parallel resistance r
and the condenser C by making the substitutions,

using these new quantities in place of fJ. and rp '

I t will be noticed that this has Ii ttle effect when

I
rp « rand wC « r.

G

t------------+- --l~__E_--4---iSB-

B+'---'--- • --<>0

112A-TYPE TUBES

FIGURE 5. Functional schematic diagram for the TYPE 377-B Low-Frequenc~' Oscillator
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FIGURE 6. Power output of the oscillator as a function of load resistance
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the magnitude of the voltage across the
secondary,

112 Z,e2 = - . .Jle . (I )
11, rp+R+Z1 0

ZI is the impedance of the parallel

circuit, and 112 is the turns ratio of the
n,

transformer. Even though some dis
tortion is produced by variations in
plate resistance introducing harmonics
in the plate current, the voltage across
the tuned circuit ZI will be very nearly
sinusoidal. (Actually, the harmonics
at this point can be kept below 0.5 per
cent.) It is to be noted that for a given
tuned circuit and tubes (i.e., given Zl
and rp ), the secondary voltage can be
regarded as a function of the coupling
resistance R. In particular, if ZI is
sufficiently high we can choose R in
such a manner that the secondary
voltage e2 is equal to the applied grid
voltage eo. When this has been done we
may rewrite (I):

rp+R = (Jl~ - I )Z,.
Actually, of course, this is not the

whole story. In practice the amplitude
will adjust itself until the dynamic
plate impedance satisfies the above
equation. By properly choosing R,
however, we can select any such
equilibrium position, thereby fixing the
amplitude. The flow of harmonics out
of-phase with the fundamental will
introduce a reactive component in the
plate impedanct; and cause the fre
quency to assume such a value as to
give an equal and opposite phase shift
in the tuned circuit. This phase shift
will be obtained in the case of a sharply
resonant circuit by a much smaller
percentage change in frequency than
is the case in a broadly tuned circuit.

The commercial data for the TYPE
337-B Low-Frequency Oscillator are
the same as for the old design. Price,
also, remains unchanged.



NOTES ON POvVER ~!{EASURENIENT IN

CONINIUNICATION CIRCUITS

'By JOHN D. CRAWFORD

DETERMINING the transmis
sion characteristics of com
munications apparatus is, like

all other problems in measurement,
nothing more than the judicious appli
cation of certain standardized defini
tions. A possible difference may be
claimed in the fact that these quantities
are defined, for convenience, as the
logarithm of a ratio where almost
everyone else would be con tent to
talk about the simple arithmetical
ratio. But to claim special privilege on
that score would be a most puerile
form of quibbling.

This kind of measurement is, after
all, the straightforward application
of engineering principles. It has a
technique and a system of definition
that are peculiar to itself, but so has
every specialized business. Yet, when
for the first time one is confronted with
the practical aspects of finding out
how the amount of power obtainable
from a system is affected by changes in
the circui t condi tions, there is, seem
ingly, an instinctive tendency toward
confusion.

The principal difficulties appear be
cause standardized defini tions have Ilot
been readily available. One has had
to rely on piecemeal jnformation, and
it is little wonder that there should be
confusion when one finds himself
unable to uncover satisfactory defini
tions and cri ticize methods.

vVe have, therefore, prepared these
notes for the purpose of discussi ng
some of the difficulties. The first
section shows that an error may be
involved in blindly assuming that
voltage or current ratios may be sub
stituted for power ratios when meas
uring attenuation, gain, transmission

loss, etc. The second section describes
two commonly-used methods for mak
ing any generator or oscillator simulate
a source of power having any im
pedance cha racteristic.

I
The definitions for transmlSSlOn

measurements such as various kinds of
gain, attenuation, and losses have one
thing in common: they all express,
in logarithmic form, the ratio between
two amounts of power. vVhen and
under what condi tfon the powers are
measured is a matter of definition wi th
which we shall not now concern our
selves because we wish to emphasize
the generality of the following remarks.

First, consider the equation defining
the decibel in terms of the power
ratio, understanding, meanwhile, that
our emphasis upon power 1"atio is
necessary because the measured quan
tities deal with power, not because one
unit has been arbitrarily defined that
way. We say that any two amounts
of power -IVj and W 2 in Figure I,

for example - differ by N, decibels
where

N = 10 10glO 7::- (r)

Now the equations linking the voltage,
current, and power in a power-absorb
ing circuit are:

E 2k
W=- and W=]2Zk=!2R (2)

Z '
where W = absorbed power

E = voltage drop
Z = impedance
k = power factor
! = current
R = effective resistance.

[ () J
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FIGURE I

.-\pplying (2) to (I) we find (a) that
using curren ts,

112R I
N=IO 10glO 1 2R

2 2

11 I R,
=20 10glO -+10 oglO -,

12 1?2
and that (b) using voltages,

E l2Z2kt E I
N = 10 loglo--- = 20 10glO-

E22Z1k2 E2

Z2 k1
+10 10g1o -+10 10glO -k .

ZI 2

This may be summarized in the
followi,~g simple statement: '''hen
measurIng ratios between currents
and between voltages for expressing
these transmis ion characteristics, both
the nature and the magnitude of the
impedances must be taken into ac
count.

In other words, if you measure the
currents, you must k~ow the effective
resistances; if you measure the volt
ages, you must know both the effective
resistances and the reactances of the
circuits with which you are working.
If the current or voltage ratios are
measured without taking into account
the impedance conditions, current ratio
measurements will produce an error

of 10 10gLO R l decibels, and voltage
R2

ratio measurements will yield an error
Z? k1 ' b Iof 10 10glO --=+10 loglO - decl es.
Zl k2

In this connection it is worth noting
that the impedance relations to be
satisfied are not necessarily the same

as those implied .by the phrases "equal
impedances" or "matched imped
ances" when specifying the conditions
for maximum energy transfer or for
the elimination of reflection losses.

In order to anticipate protests from
readers who can, in effect, quote

cripture to prove that the quantities
we have been discussing are based upon
vol tage or curren t ratios, allow us to
make the following remarks:

In recognized text books the use
of voltage and current ratios is an
alternative to the use of the power
ratio, and the impedance conditions
are implied even if they are not stated
in so many words. Most of the classical
theory of transmission lines and net
works is built up and taught on the
long-line basis: that is to say that a
transmission line, infinite in length
and with uniformly distributed con
stants, is broken up into sections and
the behavior of each section studied.
The impedance at any junction be
tween recurrent sections looking down
the line toward the receiving end is
the same as the impedance looking into
the same section at the preceding
junction. Since the impedances are the
same, the current ratios and the volt
age ratios are equivalent to the power
ratio. Because this ratio of input to
output power happens to be the power
ratio of greatest interest, it is natural
that the voltage and current ratios
should be substituted. Here, the imped
ance conditions are implied.

FlGURE 2
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Another instance where the imped
ance conditions are implied is that
where one of the loads is the high
impedance input circuit of a vacuum
tube. Since the vacuum tube is, to a
first approxima tion at least, a vol tage
operated device, the power it absorbs
bears no partiC'llar relation to the
power it delivers. If, however, the power
in the 'output circuit of the tube is
measured and compared wi th the
power delivered to the same circui t

with a different applied voltage, the
power ratio will have its true signifi
cance. Presumably the power in the
output circuit of the tube is propor
tional to the square of the grid voltage
and under these conditions, it is
perfectly proper to use the voltage
ratios (see Figure 2).

'I'he second part of "Notes on Power
Measurement in Communication Cir
cuits" will appear in the November
issue of the Experimenter.

11ISCELLANY

"By THE EDITOR

THE General Radio Company
takes pleasure in welcoming Rob
ert F. Field, who joined its staff

on October I. Mr. Field received his
A.B. from Brown University in 1906
and his A.M. the following year. He
taught physics and electrical engineer
ing there until 1915, leaving to take
work at Harvard University, where he
was awarded an A.M. in 1916. From
1918 until the present, he has been
teaching at the Cruft Laboratory which
offers courses common to both the
Engineering School and the Depart
ment of Physics at Harvard Univer
sity. As Assistant Professor of Applied
Physics, he taught courses in communi-

cation engineering, specializing in elec
trical measurements.

With the General Radio Company,
Mr. Field will undertake developmen t
work on bridges and fundamental
standards of resistance, inductance
and capacitance, particularly at high
frequencies. He will also study the
applications of electrical measurements
to bio-physical problems.

CONTRIBUTORS
Both contributors to this issue of

the General Radio Experimenter are
members of the General Radio Com
pany's Engineering Department.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu
factured by the General Radio Company. It is
sent without charge to interested persons. Re
quests should be addressed to the

GENERAL RADIO COMPANY
CAMBRIDGE A. MASSACHUSETTS

RUMFORD PRESS
CONCORD
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N"OTES O~ PO'VER l\lEAS RElVIE:-.JT L

COMlVIUNICATION CIRCUITS*

By JOHN D. CRAWFOFD

II

TLOAD
R

FIGURE 3

POWER

SOURCE

up a simulating source. We shall defer
sta ting it un til later because it will
simplify matters to set up a specific
hypothetical problem, follow through
its solution, and with that as a basis,
state the general law. Our discussion
must be understood to be an attempt

to show that Thevenin's Theorem is
plausible without trying to prove it.

Consider, for example, the load
circuit shown in Figure 3. lts imped
ance at a given frequency is ZR; the
voltage drop, current, and absorbed
power which correspond to ZR are,
respectively, ER , I R, and W R' Inasmuch
as ZR is assumed to be independen t of

[ I J

X
~ raTHER communication meas

urement problem makes its
appearance when it is desired to

determine experimentally how much
power a given power source is capable
of delivering to a specified load or sink.

o long as the source itself is available
for test, it is merely necessary to set
up the equipmen t al;d make the meas
urements. If, howe\'er, the source is
not available, some means must be
found of simulating it..'\ t least two
methods for doing the job are avail
able, and we propose to describe them.
Both are perfectly general: the
"source" mal' be a vacuum-tu be oscil
lator or a mi~rophone or an incoming
transmission line; the" load" may be a
loud-speaker or an attenuation net
work or an outgoing transmission line.
There are only two restrictions: the
"source" must supply a sinusoidal
voltage, and the impedance of the
"load" must not depend upon the
current in it.

A generalized statement about net
works called Thevenin's Theorem gives
directly one of the methods for setting

* This is the second part of an article begun
in the October issue of the Experimenter. AI.
though complete in itself, this section depends
upon the introduction preceding Part I.
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I R, we can make the obvious statement
that for any value of ZR, W R will de
pend only upon the magnitude of ER

(or of IR' since E and I are linked by
Ohm's Law).
~ow suppose that we want to de

termine experimentally how much
power the load will absorb at different
frequencies from a given power source
which is not available for the tests.
What must we do in order to set up a
simulating source? We have just seen
that the only way a source can affect
WR is to change ER . Therefore, all we
need do to simulate the given source is
to make sure that, no matter what
value ZR may assume (as a result of
changing the test frequency, for ex
ample), ER for the simulating source
is the same as ER for the source itself.
In other words, no power measure
ments on the load could tell u which
of two sources was supplying power
if the terminal voltages (ER ) of each
were the same.

Let us also assume that the source
to be simulated is an alternator which
delivers a constant voltage at its out
put terminals no matter what load is
thrown upon it.* Because of a high
impedance line between the alternator

FIGURE 4

and its load terminals, the voltage at
the load terminals depends upon the
size of the load. This condi tion is repre
sented in Figure 4, where E is the volt
age of the alternator, G, and Z2 is the

• An oscillator which could do exacrly that
would be a curiosi ty, having, as we shall poin t
OUt later, a negligible "internal impedance."

impedance of the line. E R is therefore
always less than E by E2, the voltage
drop in Z2. In other words, W R depends
upon Z2.

From what has gone before, Z2 may
be considered a part of a new load, Z'R,
having an impedance of Z2+ZR. The
power delivered to this new load will,
as before, be fixed if the voltage drop
across it is fixed. The genera tor, G,
delivers cons tan t voltage under all
conditions of load, a fact which enables
us to build a simulating source. Since
the load cannot distinguish between
one generator and another if the im
pressed vol tages are the ame, we can
take any generator, maintain its termi
nal voltage equal to E by manual
adjustment, and the power delivered
to Z'R will be the same for both the
actual and the simulating sources.
Furthermore, the voltage drop in Z2
will be the same under both conditions,
and the power delivered to ZR will be
the same as though it were connected,
to the original source. Therefore, we
have shown that any generator con
nected in series with an impedance
equal to Z2.will simulate this particular
source, if the voltage at the generator
terminals is maintained constant and
equal to E.

From the foregoing discussion we
ma. conclude that the presence of Z2,
the internal impedance for the given
power source, is the reason why
changes in the magnitude of ZR af
fect the terminal voltage E R . If Z2 is
equal to zero, ER would be constant
and equal to E, the open-circuit voltage
of the source; but if Z2 is not zero, then
every decrease in the magni tude of ZR
causes ER to be less than E by the
voltage drop in Z2 =IRZ2. Furthermore,
any generator or any source behaves as
though it had no internal impedance
if its terminal voltage is maintained
cons tan t.

Suppose that G were not a constant
voltage generator, or, in other words,
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FIGURE 5. Two methods for simulating a power source when its open-circuit voltage E=12 and its
internal impedance 2 are known. LEFT: Constant-voltage method. RIGHT: Constant-current method

suppose that its terminal voltage E
depended upon the amoun t of curren t
taken by the load. This would, of
course, indicate that somewhere ahead
of its output terminals there existed an
appreciable impedance. To simulate
this new source we would proceed ex
actly as before: maintain the simulat
ing-generator voltage constant and
equal to the open-circuit voltage of
the source and connect in series with
it an impedance equal to ZC+Z2, the
sum of the internal impedance of G
and the impedance of the intervening
connecting wires.

I t is now time to discard all of our
labored attempts at a simple and or
derly development to state the general
law about which we spoke at the be
ginning of this section. It is a corollary
of Thevenin's Theorem, a theorem that
is capable of a formal proof with which
we shall not concern ourselves here.
Thevenin's Theorem permits us to
state that any power source can be
simulated (Figure 5) by a generator
with a terminal voltage E connected in
series with an impedance Z; E being
equal to the no-load or open-circuit
voltage of the source and Z being equal

to the impedance of the source as seen
from its output terminals. This can be
verified experimentally for a simple
source like the one we have been dis
cussing by connecting an oscillator to a
load of adjustable but known imped
ance and observing its terminal volt
age as a function of delivered power or
of load impedance or of curren t. Errors
due to bad waveform and overloading
in the oscillator must not be allowed
to en ter.

The diagram at the right in Figure
5 shows the second simulating method
and although it does not follow directly
from Thevenin's Theorem, it can be
shown to be entirely con istent with it.
In the second method, constant cur
rent is maintained through the parallel
circuit formed by Z, the impedance of
the simulating source, and the load
impedance; the constant current being
such as to make the no-load voltage
drop across the simulating impedance
equivalent to the no-load voltage of
the power source. If we can show that
for any value of ZR the voltage ER is
the same for both the cons tan t-curren t
and the constant-voltage methods, the
two are equivalent.
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Imagine that both circuits are ter
minated in a load ZR:

(a) for constant-voltage method,

ER=IRZR=(_E_)ZR= EZR .
Z+ZR Z+ZR'

(b) for constant-current method,

E -1( ZRZ )_~( ZRZ )_ EZR
~R - Z+ZR - Z Z+ZR - Z+ZR'

If the voltage of the source IS non
sinusoidal or the impedance of the
load is non-linear (i.e., a function of
current), special care must be used in
applying these simulating methods.
The same care must be exercised when
studying transient effects, sll1ce our
discussion has been tacitlv limited to
the steady-state condition.'

A NON-POLAR RELAY

FIGURE I. TYPE S07-A Non-Polar
Relay, typical of both types

X their names indicate, the new
TYPE 507 Non-Polar Relays
contain an armature that is not

permanently magnetized. They do not,
therefore, di tinguish between the two
directions of current as does the TYPE
481 Low-Current Relay.* Their prin
cipal use is in cases where contacts of
low current-carrying capacity must
control heavier currents, as in the TYPE
547-A Temperature-Control Box.

There are two of the new Non-Polar

•c. T. Burke, "A New Relay," General Radio
Experimenter, Ill, February, 19'29.

Relays, bearing the type numbers
S07-A and S07-B, respectively. Their
specifications are as follows, curren ts
given corresponding to positive opera
tion in either vertical or horizontal
positions:

TYPE 507-A Non-Polar Relay. Cur
ren t to close, 10 mla. Curren t to open,
6 mla. Resistance (± S%), 2S0 ohms.
Code Word, NITRE. Price $12.00.

TYPE S07-B Non-Polar Relay. Cur
rent to close, 2 mJa. Current to open,
I mla. Resistance (± S%), 4000 ohms.
Code Word, NOBLE. Price $15.00.



TEMPERATURE CONTROL FOR

PIEZO-ELECTRIC 0 CILLATOR

Q ARTZ plates for use as stand
ards of frequency in piezo
electric oscillators must be kept
under temperature control if

constancy of frequency is to be ex
pected. It is impossible to make a gen
eral statement about the frequency of
such an oscillator as a function of the
temperature of the plate, because the
frequency-temperature coefficient va
ries considerably with the way the
plate is cut. Even among plates ~f the
same " cu t" taken from the same
mother crystal, the coefficien ts are not
alike. It is, however, safe to say that
the frequency variations per 'Centi
grade degree will average about 30
parts in a million with a possibility of
its being as great as 75 or 100 parts in a
million. The necessity for temperature
control where precision frequency
standards are to be maintained is
obvious.

On the question of temperature-con
trol methods there are different points
of view taken by two groups. One ay :
standardize on a definite operating
temperature, maintain it a closely as
possible, and pecify the operating fre
quency of the quartz plate at that
temperature. The other group says:
standardize on a nominal operating
temperature near which the tempera
ture is to be maintained, and rely upon
making adjustments in the frequency
of the plate by changes in its tempera
ture. Control equipment to meet the
specifications of both group should
reduce variations in temperature to the
same minimum, but the second group
requires, in addition, a thermo-regula
tor that can be readily adjusted to any'
value in the neighborhood of the stand
ard temperature.

The General Radio Company hold
that with plates for frequency stand-

ards,* the temperature should be kept
constant and all adjustments of fre
quency made by the use of an adjust
able air-gap in the plate holder or by
changes in the circuit constants of the
o cillator itself. Thi attitude has much
to recommend it from the point of view
of both the manufacturer and the user
of high-precision quartz plates, for it
simplifies the problem of constructing
sui table temperature-con trol boxes and
makes for interchangeability of one
plate with another. It has an impor
tant bearing upon the cost of adjusting
quartz plate, since the extra time and
labor involved in calibrating one plate
at 51.7 degrees and the next at 48,3
degrees (for example) is considerable.
The General Radio Company has es
tablished 5°.0 degrees Centigrade as its
operating temperature for standard
quartz plates, a value which is in ac
cord with those established b,' other
American laboratories, civil a~d mili
tan'. This temperature is high enough
to make possible the 0Feration of
temperature-control equipment in the
tropics without heat absorbers (refrig
eration).

\Yhen it became apparen t two years
ago that quartz plates of high precision
would be in demand, the General Radio
Company investigated the tempera
ture-control equipment that was al
ready on the market with a view to
adapting it to meet the following re
quirements: (a) ability to maintain the
temperature to within one- or two
ten ths of a Cen tigrade degree over a
fairly wide variation in room tempera
ture; (b) absence of circulating air and

* As distinguished from their use as controls in
oscillators where a maximum power output is one
of the first considerations. All General Radio
quartz plates are intended for use only in low.
powered oscillators.

[5J
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oil baths; (c) compactness; and (d)
ease with which modifications for
electrical connections could be made.

It may be of interest to note that the
range of permissible variations in room
temperature is a most important fea
ture of any temperature-control unit.
Yet, strangely enough, it is one of the
specifications that is often overlooked.
A box which would control the temper
ature to within one degree when the
room-temperature variations were lim
ited to two degrees might show an en
tirely different characteristic if the
room temperature were allowed to
change with the weather.

No commercial unit that met all of
the requirements being available, a
development program was begun which
has extended over an entire year, end
ing with the design of the TYPE 547-A
and the TYPE 547-B Temperature
Control Boxes shown in Figures I and
2. They are of the same construction,
differing only in the type of thermo
regulators employed.

Both boxes are encased in walnut
cabinets within which are arranged (in

order): a balsa wood insulating layer,
the heaters, an aluminum distributing
layer, an asbestos pressboard attenua
tion layer, and a second casing of
aluminum which forms the tempera
ture-controlled chamber. The inner
space is 4 inches by 4 inches by 3~

inches deep, and in it are two sets of
terminal blocks into which two TYPE
376 Quartz Plates may be plugged. A
switch on the front of the bakelite panel
allows a selection to be made. The
heaters are placed on all six faces of the
outer aluminum casing, the aluminum
tending to equalize the temperature
over the surfaces and reduce the
temperature gradient inside the con
trolled chamber. Heater current is
supplied from any I IO-volt main,
either alternating- or direct-current.

Of special interest to those desiring
temperature-control for use with Gen
eral Radio piezo-electric oscilla tors is
the fact that the TYPE 547 Tempera
ture-Control Boxes are intended to be
mounted on top of them. The cabinet
size is the same as that of the TYPE 275
Piezo-Electric Oscillator and a special

FIGURE I. TYPE 5+7-A Tempera
ture-Control Box
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connecting bar is available for linking
the two units. A slight modification in
the TYPE 375 Station Piezo-Electric
Oscillator adapts it for use with the
new units in the same manner.

On the front of the bakelite panel
are mounted rheostats for controlling
the amount of power deliveied to the
heaters. Depending upon their adjust
ment, the power delivered to the unit
will range between 41 and 71 watts.

The TYPE 547-A Temperature-Con
trol Box utilizes a mercury-type of
thermo-regulator which may be ad
justed to operate at any temperature
between 40 degrees and 60 degrees
Centigrade. Once the regulator has
been adjusted, the temperature of the
air inside the chamber is held to within
±0.1 degree Centigrade for a variation
in room temperature of ± 20 degrees
Centigrade (± I I degrees Fahrenheit).
This temperature variation in a quartz
plate will keep the frequency of a
piezo-electric oscillator within limits
satisfactory for practically all purposes.
The thermo-regulator opet:ates the
heater circuit through the relay shown
on the front of the panel, a six-volt bat
tery being required.

Once the thermo-regulator in the
TYPE 547-A Temperature-Control Box
has been adjusted to the desired value,

the operating temperature cannot be
changed without removing it from the
inside of the box. Sometimes, as we
have previously mentioned, it is de
sired to adjust the operating tempera
ture while the unit is in operation. At a
sacrifice in the degree of constancy with
which the temperature is maintained,
the TyPE 547-B Temperature-Control
Box has been made available.

It makes use of a bi-metallic thermo
regulator that depends for its operation
upon the unequal temperature-coeffi
cients of two strips of metal. It is
rugged enough so that it controls the
heater current directly without the
necessity for a relay, which, of course,
eliminates the need for the six-volt
supply.

The temperature may be adjusted to
any value between 40 degrees and 60
degrees Centigrade, and the air within
the chamber will remain within ± La

degree Centigrade for a room tempera
ture variation of ± 20 degrees Centi
grade (± I I degrees Fahrenheit). This
unit is recommended for use only
where the ability to change the temper
ature while the unit is in operation is of
importance.

Both units are primarily intended
for operation near 50 degrees Centi
grade where the room temperature

FIGURE 2. TYPE 547-B Tempera
ture-Control Box
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variations occur around a mean of 20
degrees Cen tigrade. Inspection of the
above specifications might lead one to
expect that good control of tempera
ture might be obtained for an operating
temperature of 40 degrees and a room
temperature of 40 degrees. That con
trol could be had under this condition is
improbable, and in localities where the
temperature of the room might rise to
+0 degrees Centigrade, the operating

temperature should be kept higher, 50
degrees, if possi ble.

The commercial data on these in
strumen ts are as follows:
TYPE 547-A Temperature-Control Box.

Code Word, BURLY. Price $150.00.
TYPE 547-B Temperature-Control Box.

Code Word, BUXOM. Price $140.00.
They will be ready for deli very on

Novem bel' I 5.

11 ISCELLANY

13y THE ED! rOR

WITH the September issue of
the Experimente1' we enclosed a
card which readers were asked

to return if they wished to continue on
the mailing list'. Although the percent
age of returned cards has been large,
we feel that there are still some inter
ested readers who have neglected to
return them. If it is your intention to
return the card, please do so at once.

one of the changes requested on
returned cards have been made, and no
names have as yet been dropped from
the list because no card was returned.
It may be of interest here to state that
on the average of one card in every
four calls for a change in the address
stencil.

Should vou have mislaid your return
card, a letter or a postal ca~d wi th the
following information will replace it:

(a) Your name and mailing address
(printed for the sake of legi
bility)

(b) Your business affiliation

(c) The kind of business In which
your firm is engaged

(d) Your posi tion
(e) The technical field in which you

are particularly interested.
If you can return the address label
from the Experimenter mailing enve
lope, so much the better, inasmuch as
our files are arranged alphabetically.

These cards were sent out for the
purpose of correcting our mailing list
and of removing from it those persons
who are no longer interested in reading
the General Radio Experimenter. The
additional information about each
reader is bei ng used to anal yze the ci 1'

culation so that the editor may know
the different classes of readers fo·r whom
he is preparing material.

CONTRIBUTORS

All the material for this issue of the
Experimenter has been contributed by
The Editor.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu
factured by the General Radio Company. It is
sent without charge to interested persons. Re
quests should be addressed to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD
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TODAY, through the universal
use of systems of electrical trans
mission, information may be

conveyed in a negligible time between
individuals separated by a distance re
stricted only by the dimensions of the
earth. It is difficult for us to realize that
until the time of Morse and his electric
telegraph the instantaneous transfer of
intelligence was confined within the
limits of human vision. The potentiali
ties arising from our ability to control
an electric current at one place, to
transmit it to some distant place, and
to recognize there the effects of the
initial control cannot be evaluated.

The fundamental principle under
lying the telegraph, the telephone,
picture transmission systems, and tele
vision is this: Complex electric waves,
controlled at the sending station by the
sound or image being sent, are used at •
the receiving station to actuate devic s
which reproduce the sound or the
image. In television one does not see
the person at the other end of the line,
nor in telephony does one hear his
voice. In one, the distant person is
represented by an image reproduced by
an optical system; in the other, his voice
is represented by sounds-;-eproduced by
an acoustical system. The only thing
ever transmitted is an electric wave.

TELEVISIO COlVIPARISO vVITH OTHER

KI D OF ELECTRICAL COMMU ICATIO

By J. W. HORTON

The first step in the development of
the art of electrical communication was
taken thousands of years ago when
man first devised symbols to represent
ideas. These symbols were not adapted
to electrical transmission. It was neces
sary, therefore, for Morse, in order to
utilize his electric telegraph equip
ment, to modify the system of symbols
(our alphabet) so that they were
readily identified with the characteris
tics of an electric wave.

This brings us at once to an im
portant fact: The distinguishing char
acteristic of an information-conveying
electrical wave is the variation in its
intensity with time. To be more spe
cific, the intensity is a single-valued
function of time; that is to say, it
varies from instant to instant, and for
any given instant there is one and only
one corresponding value of intensity.
In order to conform to this require
men t of the electrical signal wave, the
Morse code is likewise a single-valued
function of time.

The information contained in the
sounds we hear may also be completely
represented in terms of a quantity
which has different values for different
times. Specifically, .p. sound may be
described in terms of the variation in
air pressure with time. To obtain the

[ I ]
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telephone, therefore, it wa only nece 
sary to provide terminal apparatus
capabl of following these exceedingly
complex variations with sufficient ac
curacy and a channel capable of trans
mitting the corresponding electric
wave.

\Vhen we attempt to extend elec
trical-communication methods to in
clude visual information, we find that
we have to deal with anything but a
single-valued function of time. In a
still picture the information may be
described as a function of area only.
This fundamental fact was recognized
early in the history of electrical com
munication, and means have been de
vised for translating pictures in to
terms of a time variable. By means of
scanning and distri bu ting devices, in
formation regarding the tone value of
each elementary area of a picture may
be transmitted individually over a
single channel, the several areas being
successively dealt with in a prede
termined order and at a definite rate.

I t is further necessary to provide for
recording this information in order
that the time factor may be eliminated
and the information restored to its
original form as a function of area
only. In still-picture transmi sion,
photographic methods are employed
for making a permanent record. The
result is a single picture, differing bu t
little in appearance from an ordinary
photograph. In television the record is
made, not on a photographically
sensi tive surface, but on the retina of
the eye. It is necessary, therefore, to
complete the transmission of a single
image in a time so short that it is re
tained by the retina as a complete
picture. Furthermore, in order to
convey information as to any motion
which may take place in the original
object, it is necessary that a series of
images be reproduced in rapid suc
cession. Experience has shown that the
transmission of approximately twenty

images per second atisfies both of
these conditions.

When our eyes bring us information
as a result of visual observations it is
conveyed fr m the retina to the brain
by a very considerable number of
nerves, each carrying a separate mes
sage. In comparison with the speed
with which an electric current may
change its intensity, these nerves) in
spite of their reputation to the con
trary, are extremely sluggish. If we
work our electrical system at the speed
required for television it will convey in
succession the messages repre enting
the several picture elements, and it
will distribute them to their respective
nerve channels as rapidly as the nerves
are capable of receiving them. In this
respect television and the multiplex
telegraph are amazingly alike. In both,
one trunk circuit brings in information
as fast as several local circuits, work
ing simultaneously, can absorb it.

These considerations emphasize the
fact that the rate at which information
is transmi tted is of very great signifi
cance in electrical communication.
Inasmuch as it has been necessary, in
order to effect their transmission, to
reduce various forms of information to
common terms, namely, those of time
variation, we have at once a convenient
basis for comparing them. I t is desira
ble to do this in order to form an
estimate of the relative magnitudes of
the burdens imposed on the channel
when it is used to transmit information
in one form or another.

In the case of a single picture, it is
apparent that the total amount of
information is proportional to the
number of individual elementary areas
recognized. For example, if a picture of
some given scene is printed from a half
tone photo-engraving, the amount of
information conveyed by the reproduc
tion depends upon the total number of
"halftone dots" used and not on the
area of the picture. A fine magazine
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halftone may easily include more in
formation in an area one inch square
than a coarse newsprint illustration in
an area two inches square.

If the elementary areas of a pic
ture as it is scanned for transmission
alternate between dark and light, the
number of cyclic variations of light
intensity will be half the number of
picture elements. The maximum fre
quency in the electric signal wave will,
in turn, be equal to the maximum
number of cyclic variations in the
picture divided by the time required
for its transmission. It is thus apparent
that the greater the number of ele
mentary areas separately recognized in
a given time, the higher will be the
maximum frequency required to trans
mit the image. It may be shown that
the electric wave contains also a
component of zero frequency.* Hence,

* J. W. Horton, "Transmission of Pictures and
Images," Proceedings oj tbe I. R. E., September,
1929, p. 1547. This is an abstract of that paper.

the frequency range occupied by the
signal is determined by (a) the number
of picture elements and (b) by the time
of transmission.

This is a special case of a fundamen
tal law of communication, which states
that the rate at which information
may be transmitted over a given chan
nel is proportional to the frequency
range which that channel can ac
commodate. This concept is treated at
some length in a paper presented at the
Volta Centenary in Geneva by Mr.
R. V. L. Hartley of the Bell Telephone
Laboratories.t It may be employed in
evaluating amounts of information by
relating them to the product of the fre
q~en.cy range and the time of trans
miSSion.

To compare the amount of visible
and audible information it will be
necessary to make some assumptions

t R. V. L. Hartley, "Transmission of Informa
tion," Bell System 'I'ecbnical Journal, July, 1928,
p. 535·

FIGURE I. "A /ine magazine halftone may contain more information in an area one inch square
than a coarse newsprint illustration in an area two inches square." The small picture has approx

imately 55,000 dots, the large one, in spite of its increased size, has only 37,000
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as to the degree of fidelity to be secured
in the reproduction of each. Regardless
of the detailed method by which the
transmission of a single picture or
image is effected, the reproduced copy
will have a structure of some sort. In
order for this to be negligible on normal
inspection, as of ordinary photographs,
it is essential to employ no less than
10,000 elementary areas for each
square inch of picture surface.* This
gives us a frequency range of 5000

cycles per square inch.
In the case of speech, it has been

found that acceptable reproduction
may be secured through a frequency
range of less than 3500 cycles per
second. This range is, of course, to a
considerable extent independent of the
rate at which the words are spoken.
If we speak slowly, therefore, we are
not utilizing the communication chan
nel to its fullest advantage. To deter
mine the normal relation between
frequency range and the rate at which
verbal information may be transmitted,
let us imagine that a phonograph record
is made of speech at the usual rate of
about 100 words per minute. If this
record is played back so that the words
are reproduced at the rate of one per
second, we find that the frequency
range has been reduced to approxi
mately 2000 cycles per second. Thus,
one square inch of picture may be
aid to be roughly equivalent as an

amount of information to 2.5 spoken
words.

To obtain moderately satisfactory
reproduction of a small picture, such
as one 4 inches by 5 inches square, it is
necessary to employ communication
facilities - i.e., frequency range multi
plied by the time they are used - equal
in value to those required for 50 spoken
words.

*The halftone engravings ordinarily used in
the Experimenter have about 18,000 "dots" or
elementary areas per square inch; in a news
paper, from 4'200 to 7'200" dots" per square inch.

By means of further assumptions of
a similar nature, we may arrive at the
conclusion that the ratio of the amount
of information received in a given time
by our eyes, to that received by our
ears, is somewhere in the neighborhood
of 200 to 1. It must be emphasized
that this merely indicates an order of
magnitude, and that it depends en
tirely on some rather arbitrary assump
tions. That the ratio is fairly high is
evidenced by the fact that in the
talking motion pictures, the sound
on-film record has required an al
most negligible sacrifice in the space
formerly allotted to the visual record
alone.

These considerations are largely in
dependent of the method used for re
producing the copy of the original
picture or scene. It is to be expected
that the attention now being directed
to television will result in the develop
ment of enbrely practicable means for
effecting the required scanning opera
tions, for controlling the electric cur
rent, and for reproducing the desired
image at the receiving terminal. Such
devices will not in themselves be the
complete solu tion to the problem of
television. It will also be necessary to
provide communication channels hav
ing many times greater information
carrying capacity than those now gen
erallyavailable.

From this it follows that the future of
television is largely a question of
economics. We may recall in this con
nection that e biggest obstacle which
Morse had to overcome before he could
transmi t a telegram to any distance was
that of raising funds to build his line.
In other words, it is the communication
channel for which we pay when we
employ electrical communication facil
ities. Let us not ignore the fact that the
burden imposed on this channel by.
television is many times greater than
that now borne in our existing electri
cal communications systems.
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(Rc+RR)2 (Rc+RR)3'

Rc+RR='lRR and RR=Rc.

This means, of course, that in order
to determine the reference condition for
gain measurement, the load resi tance

power in the load when it is connected
directly to the generator is called the
reference power or reference condition.
However, as we usually speak of gain,
we mean a special case in which we take
for the reference condition the case
when all of the available generator
power is transferred to the load. Thus,
gain, as we ordinarily understand it, is
the ratio of the load power when the
amplifier is inserted at the junction to
the load power when the load is so
connected to the generator that it ab
sorbs all of the available generator
power. This is the condition for maxi
mum power transfer across the junc
tion,* which will be shown to occur
when the load resistance equals the
generator resistance.

In Figure 'la, let I R be the current in
the load RR

IR- Ec
- Rc+RR'

and let WR be the power in the load

Ec2

WR=I2RR = . RR.
(Rc+RR)2

Then differentiate WR with respect to
RR to find the value of RR for maxi
mumWR;

GAIN I AMPLIFIERS A D
OTHER ETWORK

By ARTH j{ E. THIESSE,

NEARLY everyone who has
worked with transmission cir
cuits has had at least a few oc

casions to use the much-abused terms,
amplification and attenuation - or,
simply, gain and loss - to identify the
behavior of some particular circuit
element such as an amplifier or an at
tenuation network. The purpose of the
following is to define just what is meant
by the familiar terms, gain and loss.
Since loss is negative gain, by confin
ing a discussion to gain alone the word
ing of definitions is simplified without
in any way changing the meaning.
Because the performance characteris
tics of most networks encountered in
communication circuits are, for most
practical purposes, the same when work
ing between non-reactive and reac
tive circuits and because calculation
and measurements are much simpli
fied by so doing, we will consider all of
the circuit elements to be non-reactive.

Gain always refers to the amount of
power transferred across a junction
from a generator or other power source
to a load. In Figure 'la, a p~wer source
consisting of a source of voltage Ec in
series with resistance Rc is shown
connected directly to a load of resist
ance RR. With a given source and load,
there will always be a definite amount
of power, determined by these con
stants, delivered across the junction
,],J' and dissipated in the load. If the
junction is opened and an amplifier
put in, there will be an increase of
power in the load. The ratio of the load
power when the amplifier is in the
circuit to the load power when the load
is connected directly to the generator
is called the "insertion gain" - or,
sometimes, "transmission gain." The * See footnote, page 7.

[ 5 ]
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AMPLIFIER
OR

OTHtR NETWORK

J J'

FIGURE 1. The gain resulting from inserting an amplifier or other network at the junction JT is
the ratio between the resulting load power (power dissipated in RR) and some reference power corre

sponding to a specified rejrrence condition

must be equal to the generator resist
ance. If they are unequal, as is often
the case, an impedance-matching de
vice might be employed. An ideal de
vice for this purpose is illustrated in
Figure 2b. This is called an impedance
matching-transformer. It is one in
which no power loss would occur and in
which the apparent resistance of the
primary is equal to the resistance of the
genera tor when the secondary is con
nected to the load. Perfect matching
would thus be obtained between the
generator and the primary of the ideal
transformer; therefore, all of the avail
able generator power would be trans
ferred across the junction from the
generator to the transformer. Since
there is no gain or loss of power in the
ideal transformer, all of the power in its
primary is delivered to the load. In
other words, the ratio of the power out
put to the power input is unity in an
ideal transformer. This is the reference
condition that is used for the measure
ment of gain.

1f we were to remove the theoretical
ideal transformer and put the amplifier
in its place, some increa e of power in
RR should occur. The gain is the ratio
of the load power realized with the am-

plifier in the circuit to the load power
which would have existed at the refer
ence condition. This is the same as say
ing that the gain of the amplifier is the
ratio of its power output to the avail
able power input.

This ratio is usually expressed in
logarithmic units:* the gain in decibels
N being equal to ten times the common
logarithm of the power ratio:

1 Output Power
=EO OgiO /lvailable Power'

Since we can never actually have an
ideal impedance-matching transformer,
some means must be employed for de
termining the available power in order
to fix the reference condition. Refer
again to Figure 2b. The ideal trans
former, by definition, has primary and
secondary impedances which match
RG and RR, respectively.

Then Ep = U EG,
and the power available at the input to
the ideal transformer is

Ep2 EG2

-=--,
RG 4RG

* J. W. Horton, "Units of Electrical Trans
mission," General Radio Experimenter, lIT, Jan
uary, 19'29.
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FIGURE 2. In general, the reference power for gain determinations is the load power when source
and load are directly connected (as in A), but for gain as defined in the accompanying article an
additional condition is imposed: Rc must be equal to RR. The reference power may be obtained:

(r) by use of an ideal impedance-matching transformer as in B or (2) by computing Ec"
"Re

which simply means that one-half of
the power generated in the power
source is available at the terminals of
the output load under this reference
condition. This is equivalent to deter
mining it by means of an ideal trans
former.

Sometimes all of the power that a
given generator is capable of delivering
is not available for use in operating any
single amplifier. Suppose, as a specific
example of this, it is necessary to shunt
a monitoring amplifier across a tele
phone line. The input transformer of
such an amplifier would be designed to
have an impedance large enough so
that it could be bridged across the line
without drawing more than a certain
allowable amount of power. However,
regardless of its input impedance, it
still draws some power from the line.
This power is the available power, the
power that must be used as reference
condition when calculating the gain
of the amplifier.*

*EOITOR'sNoTE,-This statement means that
if the maximum amount of pown· the source is

capable of delivering ( = ::;) is not avail

able for use in the amplifier or network being
considered, the previous remark about the" con-

If the grid of the first amplifier
tube were connected directly to the
line, the power absorbed would be, of
course, very small, although the power
delivered by the amplifier might still
be quite large. In this case, the gain
would be very great, but the definition
would still hold.

In designing an amplifying or an at
tenuating network to work between a
given generator and load, the input
and output circuits of the network
should match the two impedances re
spectively for the maximum efficiency.
Often, however, this is impossible or
impractical. It should be remembered
that any loss caused by such mismatch
ing is entirely chargeable to the net
work.

The most direct method of deter
mining the gain or loss of a network on
dition for maximum power transfer across the
junction" must be interpreted with care. If
maximum power is not available the network
must be considered for both calculation and
measurement purposes as working out of a new
source whose maximum power is equal to the
available power. In other words, Ee for the new
source is the same as Ec for the old one, but the
new Rc is given by the relation

EdRc (new) = .
(Available Power) X "
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the basis of the foregoing definition is
to measure the output and available
input powers, ten times the common
logarithm of the ratio between them
being the gain in decibels. If we know
the characteristics of the input and
output impedances, we find the powers
by measuring either the voltages across,
or the currents through, the two im
pedances.*

This method, because of a variety
of difficulties encountered in practice,
is for one reason or another, often
not desirable. Nearly all measurements

* John D. Crawford, "Notes on Power Meas
urement in Communication Circuits," General
Radio Experimenter, IV, October, 1929.

of gain and loss are made by compar
ingtheunknown amplifier orattenuator
with a calibrated network. Resistance
networks can be accurately designed
and once constructed do not change
their calibration with time. For this
reason they are excellent standards of
comparison. There are a number of
ways of actually making this compari
son, but a complete discussion of these
is beyond the scope of this article. For
an example, refer to a previous article
by the writer. t

t Arthur E. Thiessen, "Production Testing of
Audio-Frequency Amplifiers," General Radio Ex
perimenter, IV, June, 1929.

MISCELLANY

"By THE EDITOR

THE line of TYPE 376 Quartz
Plates manufactured by the Gen
eral Radio Company has been

completely reclassified. New prices
are in effect and a new high-precision
class for use with temperature control
has been made available. A complete
description of the TYPE 376 Quartz
Plates will be published in the next
issue of the Experimenter.

* * * *
When we described the new TYPE

547 Temperature-Control Boxes in the
November issue of the Experimenter,
we in terchanged the Cen tigrade and
the Fahrenheit values for the allowable
variation in room temperature. Con
trol will, of course, be obtained over

a room-temperature variation of I I

degrees C. or 20 degrees F.
We hereby tender our thanks to

those readers who were good enough to
call our attention to the error and
hope that none of the others were
misled by it.

CONTRIBUTORS
J. W. HORTON has been Chief

Engineer of the General Radio Com
pany since October, 1928. For the
twelve years preceding he was with the
Bell Telephone Laboratories where he
obtained the information upon which
this article is based.

ARTHUR E. THIESSEN is an engineer
with the General Radio Company.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu
factured by the General Radio Company. It is
sent without charge to interested persons. Re
quests should be addressed to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD


