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.\ LOW-FREQ.UENCY O SC ILLATOR 

RECEA'TLY the incre;\sed atten- Before going into a discussion of the 
[ion paid to the opera tion of characteristil:S of the new Tn'F. 377-8 
broadcast circuits at the lowest Low_ Frequency Oscillator, it may be 

audible frequencies has crea ted a of interest to outline brieRy the theory 
demand for measuring equipment to of its operation so that the necessity 
co\'cr this range. With this in view for certain adjustments may be better 
the General Radio Company has appreciated. 
e"tended the frequenq' range of its Consider the amplifier circui t shown 
T \' I'E 377 l..ow_F'requency Oscillator to in Figure I. In accordance with the 
include all frequencies lying bet\\ccn usual tube thearr, a ~maH sinusoidal 
2'; cycles and 70,000 cycles. voltage ~, applied to the grid will 

·\t the same time that this change be amplified in the customary way, 
lIas contt'mplated it was thought Hiving rise to a slightl}' disrorted 
desirahle to design the new oscillator plate-current wave. 1\ lost of the higher 
lor use with one particular type of harmonics are filtered out in t he tuned 
tube to operate under fixed hattt'rr circuit so that the voltage r. across 
conditions. In the T \'P£ 377 Low_ the transformer secondary will be 
Fre4.\uency Oscillator the choice of essentially sinusoidal. If the resistance 
tube~ and their oper~ing points "as R is properly chosen, this secondary 
left to the user for the added flexibilitr voltage can be made exactly equal to 
thereby obtained. In man) case~, the applied grid \·oltage. When this 
hO\lever, the general recommendations has been done, we may connect the 
given were not !allowed; high_power circuit as shown in Figure '2, and 
tubes wert: used with incorrect operat- oscillations will be sustained. The 
ing conditions, and the oscillator was departure of the grid voltage from a 
seriously on~rloaded with resultant sine wave depends upon the magnitude 
di!;fortion. I t was believed that thi~ of the swing and operating point and 
sifllation could beSt be avoided I" also upon the selectivi t r of the tuned 
~ettling on definite: operating condl. circuit. J ust as in the uSllal amplifier 
tions, providing an instmment "uh theory, the least distortion will be 
rhe power levd best adapted to the present .... hen the grid.voltage_plate_ 
al'erage user, and empJo)'ing additional current charat'leristic of the tube is 
amplification if needed in spet'ial cases. essentially straight. 
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Fr{il: U: I. Vacuum.tube: ampl;fi~r ",·;,h input 
"oh3ge~, :and outrUt ,·ohag",. 

It has been iou nd that the grid 
current in an oscilla tor tuhe provides 
a remarkably simple and accurate 
means for estimating toe amplitude of 
oocillation. For a given grid current, 
we can say that Ihe grid swing has a 
definite value, regardless of t he char_ 
acteristic of the coil and the frequencr 
chosen. Hence. if R is adjusted to give 
a predetermined grid current, the bTfid 
\\ill be operating at a given swi ng, a 
con~idcration of prime importance 
w hen the sign al is to supply an amplifier 
tube. 

For those who rnav be interested. :t 

hrief sketch of the details is given in 
Appendix A .. The important point to 
he lIotil'ed is the close analogy between 
an oscillatur of this type and a tuned 
amplifier. Further application of this 
analogy can he made to account 
exacth' for the waveform obtained 
and (or the variation of frequency 
\\I,h operating point, but th is is too 
involved to be of interest. 

The circuit finall~' adopted for the 
TyrE 377-13 l..ow- I:'requency Oscillator 
is shown schematically in Figure 5 
when! it will he noticed that t his 
follows the outline gi ven :100\'1:, .-\n 
adjustable 100,000-011m rheostat R 
is used as a feed-back resistance and it 
should be adjusted to gl\'e a grid 
current of 30 mictO-amperes (as indi_ 
cated on a 0 - '200 mictO-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 
" il;ure 3 ;\ tUlled-plate oscillator is 
shown. In practice it was found desir_ 
ahle to lise a Hartley circuit for the 
lo'>'er cnd of the range, using the tuned­
plate circuit at higher frequencies. 

It will be noticed that t he output 
power is taken off across a slide_wire 
potentiometer in the plate circuit of 
the last tube. This was done for t ..... o 
reasons: to prevent in teraction with 
the oscillator tube and to prevent the 
wavcform (rom varying exc~ssively 
with the ou tput setti ng. It should be 
noticed that this arrangement makes 
t he effecti\'e Olltput impedance of the 
oscillator depend lIpon the poten ri­
ometer setting. In a few isolated cases 
(such as measurements on harmonic 
production in non-li nea r circlI in) this 
is undesirable. but for <I ll ordinarv 
pllrpo~es it cau5c.'S no diRkuln' . ,\ Ie<ls.. 
un.-Illents on harmonic proclllc·rion and 

c 

Flct,;u: !. The amplifier of Figure I bcmmcs 
~II Oi\dUator ... ·hen iu l1111UI voltage is ~ul"rli~d by 

Ihe OUIPUI circuii 

allied phenomena require special pre­
caut ions, ant! no ordinary coupling 
device should be used without a 
careful consideration of its effeCt on 
t he ci rcuit being studied, In all meas­
urt"mcn ts on li near circuits where the 
di'ect of harmonic flow is of no inter­
est, the impedance or the generator 
tub.;: need not be considered; by proper 
con nections, any source impedance 
from zero to an arbitraril), large value 
can be simulated. This matter is 
tn.-a ted at length in the November i~s llc 
of the F.xprrimt1lm·. 
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F'Cl"U J. Fron! of p;lnd vi",,, 
of Tnt J;-.I'I Low_Frequency 
O\cilla!Or. It is mounted in a 

heal'y hinged_b:lck c3binct 

Recognizing that the needs of ditrer­
erlt users will vary some what, provision 
has been made (or using either one or 
two amplifier tubes. I( onl~' a small 
amount o( power is needed and it is 
desired to reduce batterr drain to a 
minimum, only one tuhe nced be used; 
the total plate current will then be 
aoout 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 aoout 
10 milliamperes. Typical Output 

3 

characteris tics (or these two cases 
are shown in Figure 6. 

:\ series of measurements has been 
made with a harmonic analyzer to 
determine the dependence o( waveform 
on operating conditions. T hese 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 
fundamenta1. On the other hand, the 
amplifier has been designed to deliver 
the maximum alllount of power con_ 

FIC!;Il£ ~. This photograph 
~how8 the intetn:ll construc. 
tion of the THE Ji7-1'1 
l.ow _ Ftequenc~· o.cil1:110r 
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sistent with t he lISt]n! requirements on 
waveform. Harmonics introduced In' 
the amplifier mar amount to 3 pet 
cent. of the fundamental. If much 
better waveform is req uired, it is 
necessarr to reduce the signal level at 
which the last stage is operating. 
This may be accomplishtd by suusti_ 
turing a \.0 megohm resista nce for the 
0 .5 megohm unit in the place marked 
A in Figure 5. This change reduces the 
harmonics to 1,0 per cent. of the 
fundamental, if the load resistan ce is 
not less than 8ocx:l ohms. 

The adjustment of the feed-back 
resistance for constant grid current 
hel ps to minimize the cha nges in 
frequency due to operating condition. 
Measurements on one particular oscil_ 
lator showed that for freq uencies in 
the neighborhood of 40 cycles. changes 
in plate battery amounting to '25 per 
cent. made II change in frequency of 
less than 0. 1 per cent. when the feed­
hack was readjusted to give JO micro_ 
amperes. I r no adjustment was made, 
the departure was less than 0.3 per 
cent. If the grid curren t was allowed 
to depart by 10 micro-amperes from 
tht' rated val ue, the fre'luenc }, drift 
was not more t han 0.3 per cent . 
Changing the osci llator tube gave ri se 

to si milar di R'erences, At '2 j cycles t he 
changes were about twice as large as 
t hose mentioned (i ,e., a maximum of 
about one-tenth of a cvcle). 

These figures refe~ to freq uency 
changes covered by tubes and operating 
poims, Ageing eR'ects mar be larger 
but the~' shoul d never exceed 3 per 
cent. 

AI'P£NDIX A. 

Consider the amplifier circuit shown 
in Figure [. ASS\lllle a si nusoidal vol_ 
t age 1:. impressed on the grid , When 
this swing is vcr}' small , we mar t reat 
the ci rcuit in accordan ce with t he usual 
tu be theory. considering the tube as a 
sinusoidal generator /J.t:~ in series with 
a resistance r,., the in ternal plate illl­
pecl anC'e of the tube. Neglecting the 
effect of the shunt resistance,. and 
the condenSer C· we may writ~ for 

• By the use of T ht.'enin's Theoreln we mar 
dimina te the effect of the parallel resistance r 
and the ronden~er C by making the substi tuTions, 

"'{~~), ,,"d ':{~+-j.'c' 
using these ne'" qll:mtities in place of I" unci r p ' 

h will 1>... nOTi(ed thnt this has lillie effect wh~" , 
r .. « randwC«r. 

r-__________________ c-__ "=2-,A-TYPE TUBES r-------r----r-if-, 
0"00000'" 

C R L-,----t-, 
OUTPUT 

G 

r---------------~ ____ ~ __ ~ __ ~B-
L--C ______________________________ L-__ --"B+ 

F 1Gt'RE';, FlIn~:l\onal schem~Tjc dillgram for the T HE ]"--13 l ..{1w_Freqllenc~ Oscillator 
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FIGURE 6. "ower output of the oscilblOr as a (unction or load resisllInce 

the magnitude of the voltage across the 
secondary, 

1/2 Zt ( ) e!=-· Jll'u " [ 
1I[ '"p+R+7. t 

Zt is the impedance of the parallel 

circuit, and ~ is the tuntS ratio of the 
n, 

transformer. Even though some dis­
tortion is produced by variations in 
plate resistance introducing ha rmonics 
in the plate current, the voltage across 
the tuned circuit ZI will be verv nearh­
sinusoidal. (Actually, the h,; rrnonic's 
at this point can be kept below 0.5 per 
cent.) I t is to be noted th at fo r a given 
tuned circuit and tubes (i .e., given Z, 
and r,,), the secondary \'oltage can be 
regarded as a function of the coupling 
resistance R. In particular, if ZI is 
suffi ciently high we can choose R in 
such a manner that the secondan' 
voltage e, is ellual to the applied grid 
voltage rp. When th is has been done we 
may rewrite <I): 

rp+ R = (~~-I )ZI' n, 
Actu ally. of COU fse, t his is not the 

whole sto;y. In prac tice the ampli tude 
will adjust itsel f un til t he dyna mic 
plate impedan ce sa tisfies the above 
equation. B~' properly choosin g R, 
however, we can select an y such 
equilibrium position. t hereby fixi ng the 
amplitude. The fl ow of harmonics ou t­
of_phase with the fund amemal will 
introduce a reactive component in the 
plate impedance and cause the fre_ 
quenq' to assume suc h a val ue as to 
give an eq ual and opposite phase shift 
in the tun ed circuit. T his phase shi ft 
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 [O ned circuit. 

'J he commercial data for the T YPE 

337-B Low-Frequency Oscillator afe 
the same as for the old design. Price, 
also, remains unchanged. 
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NOTES 0:\ PO\\' ER i\ I EASVRH I ENT J:\ 
CO,\n I U:\ ICA T IO:\ C IR CU [TS 

By JO H l" D. CRAW FORD 

D
ETI'J{~lJ~ING 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. possihle difference may be 
claimed in the fact that these quantities 
are defined, for convenience , as the 
logarithm of a r:ttio where almost 
('1'erV one else would be content to 

talk' about the simple arithmetical 
ratio. But to claim special pril,ilege on 
that score would be a most puerile 
form of quibbling. 

T his kind of measurement is, after 
aB, the straightforward application 
of engineering prin ci ples. It has a 
technique and a system of definition 
that are peculiar to itself, out so has 
evef)' specialized ousiness. Yet, when 
for the first time one is confronted with 
the practical aspects of finding Ot!t 

how the amount of power obtainable 
from a system is alfected by changes in 
the circuit conditions, there is, seem­
ingly, an instinctive tendency toward 
confusion. 

The principal difficulties appear oe­
cause standardized definitions ha ve not 
been readil~· available. One has har! 
to rciy on piecemeal .information, and 
it is little wonder that there should be 
confu~ion when one finds himself 
unahle to ullcover satisfactory defini­
tiolls and criticize methods. . 

WI.' have, therefore, prepared these 
notes for the purpose of discussing 
some of the difficulties. The first 
seu;on shows tholt an error Illay be 
involved in blindly assuming that 
voltage or current ratios mar De sub­
stituted for power ratios when meas­
uring attenuation, gain, tranSllllSSlOn 

inss, etc. The second section describes 
two cOlllmon[ v-used methods for mak­
ing au)" genera tor or o~cilla tor sim ulate 
a source of power having any im­
pedance characteris tic. 

The definitions (or transmiSSIon 
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. \\ 'hen and 
under what condi tion the IXlwcrs are 
measured is a matter of definition with 
which we shall not now concern ou r­
selves because we wish to emp hasize 
the generality of the following remarks. 

First, consider the equation defining 
the ch:cibel in terms of the power 
ratio, understanding, meanwhile, that 
our emphasis upon power mlio is 
necessary because the measured quan_ 
tities deal with power, not Oecause one 
uni t has been arbitrarilr defined that 
wav . 'Ye sa\" that an \' two amounts 
of ·power - IVI and Ij,,~ in Figure I, 

for example - di ffer b~' N decibels 
where 

" I W, () 
t ' = 10 0g,O If/~' [ 

l'\ow the e{l uations linking the voltage, 
~urre.nt, .and power in a power-absorb­
lIIg cI rcuIt are: 

where If/ = absorbed power 
£ = vol tage drop 
Z=impcdance 
k=power factor 
I =current 
R = eR'eni ve resistance. 

[ n 1 
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A~pl)'ing (1) to ( I) we find «(I) that 
u~mg currents, 

, J1!R, 
,\ -10 loglo I:' R! 

I I, I R, 
-20 aglol J~+10 og lO R~' 

Z, I k, + 10 10gIO Zl + 10 oglo k:' 

(Ja) 

This mar he sum marized in the 
to1!owing simple Statement: \rhen 
measuring ratios between currents 
and between voltages for expressing 
these transmission characteristics, both 
the nature and the magnitude of the 
JI11pedances must be taken into ac_ 
CQunt. 

In ot her words, if you measure the 
currents, rou must know the effective 
resist ances; if you measure the volt­
ages, you must know both the effective 
resi<;tances and the reactances of the 
l'jrcuits \\ it h which VOli are working. 
If the current or v~ltage ratios arc 
measured without taking into account 
the impedance conditions, current ratio 
mt;!a~urementS wi]! produce an error 

01 10 loglo Z: decibel s, and voltage 

ratio measurements wiU yield an error 

Z. I " k, I "' I of 10 loglo ,.:+ 10 agIO - l {'clUe s. 
ZI *~ 

In thi s connenion it iii worth noting 
that the impedan ce relations to be 
sati sfi ed aTC not necessaril~' the same 

7 

as those implied .by the phrases" equal 
impedances" or .. matched imped­
ances" when speci fy ing the conditions 
for maximum energy transfer or (or 
the elimination of reAection losses. 

In order to anticipate protests from 
readers who mn, in effeer, quote 
Scripture to prove that the quantities 
we have heen discussing are based upon 
voltage or curren t ratios, allow us to 
make the following remarks: 

I n recognized rex! books the use 
01 volt age and current ratios is an 
alternative to the use of the power 
ratio, and the impedance conditions 
are implied even if they are not st ated 
in so mall\" words. 1\ lost of the classical 
!heorv o( transmission lines and ne t­
work~ is built up and taught on t he 
long. line basis : th at is to sa~' that a 
transmission line, infinite in length 
and with un iformly distributn.l con. 
stants, is broken up into sections and 
rhe behavior of each sect ion stud ied. 
T he impedance at any junction be· 
tween recurrent sccti!)I1s looking down 
the line toward the receiving end is 
thl. same as the impedance looking into 
the same section at the preceding 
junction. Since the impedances are the 
sa me, the current ratios and the voh. 
age ratios are equivalent to the power 
ratio. Because thi s ratio of input to 
output power happens to be the power 
ratio ot greatest interest, it is natural 
[hat the voltage and current ratios 
should be substi tuted. Here, the imped. 
ance conditions are implitd. 
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Another instance where the imped_ 
ance conditions are implied is that 
where one of rhe loads is the hig h­
impedance in put circuit of a vacuum 
tube. Since the vacuum tube is, to a 
first approximation at least, a voltage­
operated device, the power it absorbs 
bears no partic.llar relation [Q the 
power it dd ivers. I f, however, the power 
in the output circuit of the tu be is 
measured and compared with the 
power de!ivtred to the same circuit 

with a di fft:rent applied voltage, the 
power ratio will ha ve its true signifi­
cance. Presumably the power in the 
output ci rcuit of the tube is propor_ 
tiona\ to the square of the grid voltage 
and under these conditions, it is 
perfectly proper to use the voltage 
ratios (see Figure 2) . 

Tbe ulond pmi of "Noles on Power 
A1eamrement in Communication Cir­
cuits" fIJill appear in tbe November 
isme of Ibe Experimenter. 

l\ l rscELLA1\ Y 

"By THE ED I TOR 

T HE General Radio Company 
takes pleasure in welcoming Rob_ 
ert F. Field, who joined its staR' 

on October 1. Mr. Field received his 
A.B. from Brown University in 1906 
and his A.M. the following year. He 
taugh t ph ysics and electrical engineer­
ing there unt il 1915, leaving to take 
work at Harvard L'niversin', where he 
was awarded an A.i\ 1. in ;916. From 
1918 until the present, he has been 
teaching at the Cru ft Lahoratorr wh ich 
offers courses common to both the 
Engineering School and rhe Depart­
ment of Ph \'sics at Harvard Univer­
sity. As Assi'sta nt Professor of Appl ied 
P hysics, he taught courses in comll1 uni_ 

cation enginc:erillg, specializing in elec­
tricalmeaSllrernents. 

With the General Radio Company, 
Mr. Field will undertake development 
work on bridges and fundamental 
standards of resis tance, inductance 
and capaci tance, particularly at high 
frequencies. He will also study the 
applications of electrical measurements 
to bio-physical problems. 

C ON TR IBUT ORS 
Both contri butors to this issue of 

the General Ib dio Experimenter are 
mem bers of the General Radio Com­
pany's Engineering Department. 

The General Radio ExperiInen ter is published 
monthly to furnish useful infonnation 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. M ASSACH USETTS 

"u"FORD P~U. 
co .. co~o 
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