
z: 
o 
..... 
"" c..:> 

.... 
"
"-

"" 

"" ... 
:z: ..... 
o 
z: 

"" v> ..... 
z: ... 
~ ... 
"" => 
v> 

"" ... 
~ 

.... 
"" c..:> 

PEBIMENTER 

A WIDE-RANGE OSCILLATOR 

FOR AUDIO AND SUPERSONIC FREQUENCIES 

IN T HIS ISS U E 
Page 

V-LINE VARIAC Hr.G-
t ' I.ATIOS CliR\'F..\i . . 5 

A VAIUAC C IRCUIT P'OIt 
R EGUi.ATIOS i\h:~ 
OREloIE .... 'T!I. •• • . . . . • 0 

.THE NEED hils long been apparent fora 
high-quality laboratory oscillator cover
ing both audio and supersonic frequen
cies. Present-day laboratory measure
ments of gain, di>!lortion, impedance, 
and frequency response require a power 
source co\'cring frequencies well above 
the nominal audio-frequency limit of 
20,000 cycles, ruld having us well the 
desirable characteristics of low distortion, 

stability of frequency, and uniform output over the frequency range . 
The TYPE J302-A Osci llator has been dcsib'11Cd to meet these re
quirements. In addition, the oscillator is CIUly and convenient to 
usc, is stabilized against the effects of line-voltage changes, and has 
8cparate output circuits for high- and low-impedance loads. A dis
('us.~ion of the circuit will show how these features arc achievcd. 
Olcillator- Figurc 2 is ao elcmentary schcmatic diagra.m of the oscilla
tor. The ba.~ic oecillator circuit employs a two-stagc amplifier and a 

Flg u .. I . Ponel "lew Df lhe Type 1302.A 0 , <111 .. 1 ... 
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~ CUN EIAt IAOIO EXPUIMINTU 

lIlodifi<:d fonn of a Wien bridge. The out
put of this frequency-selective oetwork 
balances to a. null at one frequency and 
l'C:Sults ill a negative feedback voltage at 
all others. Thus the amplifier has IlIll1\xi

rnUIn gaiJl at the fJ1..>Quency at which the 
lIegative feedback voltage approaches 
1N(l. 'l'hisconclition cao cause oscillations 
Qf llicamplifier!l.t onefrequcncY,if II.p08i
live feedback voltage isiotroduced which 
has just sufficient amplitude to equal 
the losses around the loop. The t\lnpli
tude of oscillation can thus be con
u'OlIed by means of tbe positive feed
back voltage, and to do this, a sceond 
set of bridge ann! is added in pnrllllel 
with the fCaclance arms of the modified 
Wico bridge. These addit ional bridge 
urnlS are resistive, but one is ao incan
descent lamp, which bas 8. non-lincar 
resistance. 

The operation of these circuits call 
be bcttor understood by referring to 
Figure 3, which shows tbeir development 
from tbe simple \vien bridge. An 
examination of Figure 2 will show that 
the vollage at tbe junction point of Ra 
and 11", can result in eitber positive or 
negative feedback around the loop, de
pending upon tbe relative magnitudes 
of Ha and Hoi. Feedback directly from 
the plate of V-2 produces regeneration; 
while feedback from the cathode results 
in degeneration. 

Proper selection of the ratio of R3 to 
n .. will result in a positive feedback 
voltage. just. sufficient to maintain 
oscillations at the norlllal level. An 

, 
increase in e, will cause an increase in 
the total bridge voltage and tbus result 
in a current increase through R, and 
R.. Since the .resistance of R, varies 
with the current through the lrunp, the 
ratio of 113 to R .. hll.8 been changed in 
:l. direction so us to reducc the magni
tude of e:a. This reduction in positive 
reed back compensntes for the increase 
in e" thus producing a-v-c action. 

For frequency control element~, the 
two reactance an ns of the modified 
\Vien bridge nre used. The two capaci
tances C1 are ganged variable-air con
densers driven by the main tWling dial ; 
while tbe resistances R2 are selected by 
menns of the multiplier switches. 

Ampliflers- A buffer amplifier is used 
to isolate the output control from the 
oscillator seclion and thus to prevent 
reaction of tbe control upon t he fre
quency of t he oscillator. The output 
control is located ahead of t he final 
amplifier in order that it have no effect 
upon the balance and the magnitude of 
the load impedances. 

Ncgative feedback is employed in the 
amplifier to reduce harmonic distortion, 
to provide u flat frequency response, and 
to minimize the effects of tube character
istics. Trsnsformers are not used, be
cause of the wide frequency range 
covered and the low distortion require
menis at low frequencies. 

Power Supply- The power supply em· 
ploys a u electronic voltage regulator, 

fig .... 2. (', m.nl ... y ICh'mollc cirC,,'I dlogro," .f Ih, oscillol ... 
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• 
which combines the functions of plate 
voltage regulation and power-f!l1pply 
filtering. The power t ransformer is 
designed fo r 50- to 6()..cycle operation 
and can be changed from 11S.volt to 
230-volt operation by changing taps on 
tile lransronner primary. 

OPERATING CHARACTERISTICS 
frequency Range 

The use of the Wicil bridb'"e as a 
rrequency-determining c.ircuit makes it 
possible to cover a wide range of fre
quency quickly and conveniently. The 
main dial is direct reading from 10 to 
100 cycles, and multipliers of 1, 10, 100, 
and 1000 are provided. 

A full decade of frequencies is covered 
by a 180-degree rotat ion of tbe dial. 
Decade changes in frequency can be 
obtained by depressing the panel multi
plier switch. This arrangement is par
ticularly convenient when bridge meas
urements arc to be mu.clc over sevoral 
decades of frequency. 

The variable air condensers used as 
the frequencY-(!Qntrolling elements gh·e 
complete freedom from the contact 
irregularit.ies usually encountered with 
variable resistance clemcnts. Precis ion 
fi.'(ed resistors are uscd to provide 
multiplier ranges . 

Frequency Stability 

For many applications. among them 
bridge measuremen18 at low {requen. 

NOV I! M8ER , 194 7 ~ 

CICS. it is desirable that any frequency 
drift be n C01l8tant pe.rcentsJ:,"C of the 
operating frequency rather Ihan a 
ronatant nllmber of cycles, 1\8 in a beat· 
frequency oseillnlor. Any drift occurring 
in the Tl'P~; 130Z.A Oscillator is of this 
type. The use of n.ir condensers nnd pro
cision resistors holds frequency drift to 
an extremely small value-not more 
thaD 0.2% pcr hour after a wA.nn·up 
period of to minutes. 

In measurement.l3, one source of con· 
siderable annoyance is the erratic fllI ctu· 
ation of t ho frequency and amplitude 
of an oscillator, caused by sudden shifts 
in the power line voltage. Tn many in· 
dust rinl laboratories line voltage surges 
arc common and ocour whenever hefwy 
intermittent loads arc switched on or 
off in the plllllt. It is necessary to 
compensate the oscillator for trnrucient 
voltage surgc8, M well as for the aver· 
age line voltage f; hifts, if these effects 
are to be minimized. The voltngtHcgu· 
lated power supply in I his oscillator has 
been designed 80 as to eliminate the 
e lTects of line voltabre variations be· 
Iween the limits of 105 to 125 (210 to 
250) volts. 

Wayefarm 

Bridge measurcmcnts, the JllellSurc· 
ment of the transl'nission characteristics 
of filters, diEt.ortion mClLSuremcnts. and 
a number of others require good wave· 
fom) in tbe power source. The Wien 

flgll,. 3. Dw.lopm. ,,1 of 1M olclllcrlor clr .... l1 from tho ito,le Wlo n brldg.1 (,,) ' '''0'''1 tho fro'llloncy.I. I .. II .... 
WI.II boldg. clrellll'l (II) Ih. dre",1! Wllh" .. cond pa ir of ""I''' .hown """"d; hllh. comp'"I. "IeW"IOr f • • dbad, 
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bridge circuit.. inhC'relltly !iUppreESCS har
monics, as ~hOWll in Figure 2, while the 
degene.ration practically eliminates dis
tortion in the amplifier. The total 
diEtortion at any frequency is less 
thall 1%. 

Output Circuit Charaderistics 

Tbere are two output circuits pro
vided ; ono unbalanced and designed to 
work int.o any load im pedance down to 
5000 ohms, and a second, balanced, out· 
put. for use witb a 6OO-ohm load. The 
6{)()-()hm balanced OUlpul may also be 
operated into a 3()()..ohm load with one 
side grounded . These impedances cOver 
a sufficient range for most bridge meas
urements. For matching other load im
pedances, the TTPI1 578 Shielded Trans... 
fOmler9 are recommended . 
~ The output level is held constant 
within ±1 db over the entire frequency 
range by the bridge-type automatic 
amplitude oontrol. Approximately 80 
milliwatts into a 5()()(k)hm unbalanced 
load, or 40 rnilliwatts into a bal
all( .. 'Cd GOO-ohm load, can be obtained. 
Open circuit output voltages ate 
approximately 22 and 10 "OilS, respcc
ti,·ely. 

The effective output impedances are: 
between 250 Md 750 ohms for the 
5OOO-obm position and 550 ohms, con-

• 
fltant" for the GOO-ohm position. The 
6OO-ohm posit ion is intended to mateh 
into 5OO-ohm/ 600-obm lines. 

General Applications 
n ecause of its wide frequency runge 

and flat output. vOlirlb'C characteristic, 
this oscillator is well :\daptcd for taking 
frequency response characteristics on 
amplifiers, telephone lincs, filters , etc. 
Extremely rapid "spot checks," at fre
quencies exactly one dcetl.de apart., arc 
possible owing to the decade switching 
feature. The wide frequency span, ex
tc.ndi ng well into tbe ultrasonic range, 
is useful in checking the overall phase 
shift chnractCI'ist ies of audio amplifiers 
employing feedbnck circuits. 

The instrument. is reasonably well 
shielded, and the output is available 
through eoaxial-t.ype connectors, feo.. 
turos which make tbe oscillator suitable 
for bridge measurements using sensitive 
detectors. The output tenninal3 arc 
arranged to be used witb cithcr Tn& 
274 (pin-typc) or TYPE 774 (eoa.xial) 
conneclors. 

The frequency range includes all fre
quencies nt which the ~I'YPE 716-C 
Capacitance Bridge is direct-reading, 
and consequently iii is an excellent 
oscillator for use with that bridge. 

- C. A. CADY 

SPECIFICATIONS 

'n .. ",on.y Ranllo' 10 to IOO,Q(M) cycles, in four 
rallgell. EACh mnge covers a decllde (i()'100 
cvclell, 100-1000 cyclea, lOOlJ.-IO,OOO cycles, and 
)(),OOO-IOO,OOO cydes) oontinuously v:uiable.. 
Fr . ...... ".y Controh The main cont.rol dial is en
gra\'t'd from 10 to 100 cycles over a acaJe length 
01 appro:timately 8U inches. Four multipfi('r 
IIwitchell mul tiply the leale rrequencies by I , 10, 
100, or 1.000. 
• r ....... n.y Colibrotlon, E3Cb jl\lJl.mment. ill ad
justed within :i:(i ).i%+O.2 cycle). 
' ..... "' . n'y Stabltltl ' The warm-up drift ill Ies8 
than 1 % in the first ten minutes and is 1_ 
tblUl 0.2% per bour t.herell!t.er. 

o .... .,,,,t Imp. don,., Two output circuiu. are 
provided, balanced 000 ohl1l8 snd unbalanced 0000._ 

The internal. Impedance of tbe GOCXIhm out
put is oonstant at 550 obrna unleas the LOW 
output terminal ill connected to ground by 
IJIe&l1S of the atm.p provided on the panel. The 
output impedance i~ then halved, Md tbe out
put. is unbnlaneed to ground . 

The 5OI)()..()hm output poaition is intended fot 
5OOO-ohm londs, unbalanced to ground, although 
the efJeeLive internal impedanoeor the ()(II:illator 
averages about. 400 ohms in t.hla poeition, 
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Ol,ltptrt Volt." •• Appro~mlltely 20 volta open 
circuit on 5OQO...obm output and 10 volta open 
Circuit on OOCkIhm outrut. The output voltage 
is OOll,llt./l.nt withhl .= .0 db over the entire 
frequency mnge. 

Ovtput 'owon A maximum power output of 
80 milli\\'lltta can be obtained into an Ullhal
anced 5OOCI-<.obm load. A mujrnum of 40 milll· 
'watta can be obtained into & baJanood-to
ground 6O()..()hm load (20 milliwattB into an 
unbalanced 3Q()..Qhm load), 
Wont.,.." Harmonic content ia less than 1% 
for all output va.lues and at all froqucneies. 

A-C Hull'l' 50000 output, 24 millivolte, maxi
mum. 600ft output, 12 millivolta, maximum. 

t.rmlnl •• Jack-top hinding poIlts with stand
ard "'-inch Bpacing and IIt/l.ndard Gcncrnl 
Radio TYl'£ 774 coaxial termins.1.9 are provided 
on tbe panel. The eepa.rn.te ground termioal 
haa 8. atrap which can be used to ground the 
WW output terminal. 

Typ< 

I OleHlat., 
End F,amo, 
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Mou",lng. The instrument is normally ijupplied 
for relay-tack mounting but. can be eMily 
adapted for table mounting by the addition 
of (.'1'\·0 walnut frames 80(. the ends of the pallel 
(see price list below). 
'ow.r SupplYI 105 to 125 (or 210 to 250) volts, 
50 to 60 cyc\ea. 

ToW power ootl8umption is about 90 watta. 

Tub." The following tllbea are used and are 
a.U 8upplied with the instrument. 

2--6SL7-GT 1-6V6 
z-...6B4-G 1--6J5 
1-6AK6 1-5V4-G 
1-6F6 I-OD3fVR-l50 

Au . .. orl .. SuppU.dl A line connector cord, 
cowtial connector for output. multipoint con
nector, and TVPE 274-M plug. 

Dlm.nllonll (Length) 19~' x (height) 7M x 
(depth) 14 K inches, over-all. 
Not Wol.ht l 30 pounds. 

Code Word 

FINAL 
ENnFR..UmIO 

$365.00 
16.50 Poi, 

This instrument is OlaIlufaetured and BOld under the following U. S. Patents and license agree
ments: 

2.113,427 2,29',177 

Patente of the American Telepbone and Telegraph Company. ,.... 

V-LINE VARIAC REGULATION CURVES 
Variac continuously adjustable auto

transformers are extremely efficient volt
age controlling devices. They have, how
ever, a small regulation drop under load. 
The accompanying curves are illustra
tive of typical performance of the new 
General Radio V-line Variacs. 

Figure 1 applies to all models oper· 
ated normally at 1'ated load current. 
Normal operation implies l1S-volt sup
ply for low voltage models and 23O-volt 
supply fo r ''E'' models. Va.lues are not 
substantially changed by the use or 
omission of the overvoltagc feature. 

Figure 2 applies to all models oper
ated at one-hali normal line voltage and 
one-balf normal rated current. This 
covers such special cases as the use of 

an "TIll model to secure 0 to 270 volts 
from a 115-volt line. 

Regulation varies directly with load 
current as follows: 

(
% Reg .• t) 

% Reg. = rated load X 
actualloru:l 
rated load 

FI.u.. 1. ,.,unlalf" ...... Ierllan as a funclfon of 
output "'01,-", for Vortau 0,.",,", normally. 

· ' , 
, 
• 

" I 
• 00 to 00 10 .. "'" 

..... "un ... '" ou<VI1 ... , ....... '_ 
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Where liB II models n.re operated 
at one-haH rated voltsg1! for 25 

• 
cycle applications, the regulation 
values of Figure 1 must be doubled, 
owing to the halving of the supply 
voltage. 

Note that the nonnal values of 
Figure 1 arc comparable to the regula
tiOlt of any good auto-transformer, and 
that, at their maximum, they are but 
half the regulation of a conventional 
double wound transformer. 

Values given are typical. Individual 
Variaes will diller slightly from t hese 
curves. but the differcncc will not bc 
significant. 

-GILBERT S1ULEY 

A VARIAC CIRCUIT FOR REGULATION MEASUREMENTS 
Tbe typical regulation curves for tbe 

ncw V-line Variacs, appearing on page 5 
of this issue of the Experimenter, were 
derived from measurements made by a 
method which differs markedly from 
conventional regulation measurement 
methods. Usually no load and full load 
voltages are measured, the difference 
being the regulation voltage drop, a. 
satisfactory procedure where regulation 
is fairly large and accuracy tolerances 
arc not c106C. 

When, as in the case of the Variac 
regulation measurements on page 5, the 
dtop is but a fraction of a volt out of onc 
or two hundred volts, the difference in 
reading is so slight, and is so greatly 
changed by even minor Ructuations of 
the supply voltage during mell8uremcnt, 
reasonable accuracies cannot be ob
tained by conventional methods. Ob
viously, a better method had to be 
found, a. method that would read regu
lation voltage directly with reasonable 

VARIACS :--__ 

- ----:. ~ ------=::: 3 

I 
LI NE 

I V 
I 

LINE VOLTAGE 
4o.JUSTMENT 

ARTIFICIAL L0t,10 

A 

V 

• 

4 

V 3 

TEST VOLTS COMPARISON 
UNI T REGULATION !.NIT 
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, 
freedom from error in lroduced by minor 
line voltage variations. 

Figure 1 illustrates a circuit developed 
to meet these requirements, by the use 
of which accurate regulation measure
ments were easily obtained. This oircuit 
is readily separated into functional divi
sions, as noted on the diagram. 

Variac 1 and voltmeter, V h comprise 
the means for maintaining supply volts 
at lion approximately correct level. 
Variac 1 needs be but large enough to 
supply the circuit losses. As an example, 
a V-5 (5 ampere rating) is adequate fot 
measurement of aU sizes up to V-20 
(20 ampere rating). 

Variac 2, resistor, R, switch, S, and 
ammeter, A, arc Hpump-back" coo
nected to form an artificial load. Wbile 
the pump-back connection is old in both 
principle and practice, a sbort descrip
tion of the tbeory involved may be of 
interest to some of our readers, The 
cit'cuit is based on t,he fact that, as long 
as full-load current is supplied by the 
trn.·nsformer under test, this transformer 
may be considered to be fully lauded, 
provided only that the phase of the load 
curl'Cnt is correct. In thc pump-back 
method, tbe potential difference between 
the loaded and loading transformers is 
made just sufficient to establish the 
desired current out.put from the loaded 
transformcr, Thc loading transformer, 
Variac 2, returns to the line tbe power 
supplied by tbe loaded transformer, 
Variac 3, minus only such losses as occur 
in the transformers and the connecting 
circuit. Resistor, R, is included to facili
tate close adjustment of current. Ob
viously, Variac 2 and resistor, It, m ust 
be capable of handling the current sup
plied by Variac 3. Voltmeter, V:, indi
cates the output voltage of Variac 3 fol' 
each measurcment point, and should be 
rcnd with switch, S, open. 

NOVEMBER , 1941 

The novelty in tbe circuit is con
tained in the use of Vllrinc 4 as a oom
parison or reference unit, and the use 
of voltmeter, Va, to rcnd regUlation 
voltage drop directly. With tbe lin6 
voltage ll.t a PrOl>cr value nlld with 
Vnria..c 3 set to fl. desired voltage, switch , 
81 iR opened. Variac" is then adjusted 
until voltmeter, V3, reads zero. Switch 
8 is then closcd and Variac 2 and resis
tor, R, are adjusted to the uesired cur
ren t. reacting OIl ammeter, A. V3 will 
now l'ead regulation voltage drop di
rectly, Effectively, Variac 4 has been 
set at the no-lond voltage of Variac 3 
and maintains this voltage throughout 
tbe measurement, Minor fluctuations in 
line voltage change the voltage output 
of Variac .. by exactly the same amount 
as they would change the no-load volt.
age of Variac 3, thus offsetting errors 
from this cause. Voltmeter, V3, should, 
of course, have a scale to agree with 
the anticipated regulation voltage 
drop, which, as it is read directly, 
may be determined wi th satisfactory 
accuracy, 

A voltnge-<Hvider, '-'potentiometer," 
may be substituted for Variac 4 if 
measurements are uot to exceed line 
voltage. When, as with Variacs which 
have all overvoltage feature or with 
step-up transformers, measurements 
must be made at values exceeding line 
voltage. a Variac in this position enables 
the met.hod to be applied, 

Voltmeters, ": and "3, should have 
sufficiently high impedance to be a 
negligible load on their respective cir
cuits. 'f).'PE lS00-A Vacuum Tube Volt
meters were used to obtain the dat.a for 
the V line regulation cw·ves. Mul tiple 
scale instruments, particularly in the 
case of Va. permit closer readi[lg or both 
zero adjustmCJlts and measured valucs. 

- GILBERT S:\HLEY 
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MISCELLANY 

H 0 NOR S--certificates of Commenda
tion have been awarded by the Navy 
Department, Bureau of Ships, to J\'lcl
ville Eastham, Chief Engineer, and 
Arthur E. Thiessen, Vice-President of 
the GeneraJ Radio Company, for their 
contributions to the Buccessful prosecu
tion of tho war. 

The award to Mr. Eastham was mado 
for his "outstanding leadersbip, vision, 
and perseverance, as Director of the 
loran Development, Radiation Labora
tory, in the development of the wran 
system from its inception to it.!! cubnina
tieD as an opcru.ting system." 

Mr. Thiessen's certificate was awarded 
for his "outstanding cooperation in the 
rapid expansion of the facilities of the 
General Radio Company from peace-

time manufacture to wartime produc
tioll of large quantities of superior 
quality clectronit'8 test cquipmeut.l' 

Tech nical Pavcrs - presented by R. 
A. Soderman of the Development Ell
gineering Staff :"U-H-FMeasurements," 
Seattle Section, LRE., September 17; 
"A V-H-F Bridge for lmpedance Meas
urements at Frequencies Between 20 
and 140 Mc/' Portland Section , 1.R.E., 
September 18, and at the West Coast 
Convention, I .R.E., September 25 ; both 
papers at Los Angeles berom the Elec
tronics Section, A.I.E.E., September 30, 
and the San Diego Scction, 1.R.E., 
October 1. 

- presented by W. R. Thurston of the 
Development Engineering Staff: "U-H
F Measurements" at the October 21 
meeting of the U.R.S.l. at WllSbington, 
D. C.; "Coaxial Elements and Con
ncetors" at the National Electronics 
Conference, Chicago, November 3. 

n ecent visitors to our labora.tories: 
B. V. Baliga, M. L. Sastry, and N. N. 
Pai, of AJI-India. RadJQ, New Delhi; 
C. J . Gorter, Director, Kamerlingh 
Onnes Labomtory, University of ley
den; and J. Hers, Union Observatory, 
Jobannesburg. 
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