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GENERAL RADIO EXPERIMENTER 2 

A LABORATORY AMPLIFIER FOR AUDIO AND 

ULTRASONIC FREQUENCIES 

Th TYPE 12 6-B Unit plifi r, 

n �west member of the G n ral Radio 
family of Uni In rum nt ,1 i a 

hiO"h-quali y amplifier, d ign d for g n­
cral laboratory u e. I 1naxrmum ou -
pu (, power of 3 att is adequate for 

<lrivino- low-power tran ducers, and i 
wid frequ n y range (up to 250 kc) 
mal it useful a an amplifier for th 

ntput of such o cillators as the TYPE 

1301- and the TYPE 1302-A or for 

pul e witl n time a hort as one 
inicro econd. In conjunc ion with a pair 
of arphone , it ha u:ffi ient o-ain for 
u' a a null <let ctor in brido-e mea ur -

n1 nt . 
The en ral Radi unit on truction 

nut.kes possibl a l ow pric and a mall 

·ompact a embly \vhi h can b bolt d 
to the TYPE 1203-A ni - Power Supply 

to forn1 a ingle unit. 

Circuit Details 

Thi am1 lifi r talr advantage of h 
desirabl characteristic of the ingl -
end d push-pull circuit o obtain low 

li tortion over a wid fr quency rano-e. 

1 For other Unit Instruments, see the General Radio Ex­
perimenter for 'lay, 1950; .July, 1951; February, 1052; 
February, 1053, and 'eptember, 10.;3_ 

.------------+-----oB" 
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Figure 1. Elementary schematic circuit diagram of the 
Type 1206-B Unit Amplifier. 

Thi t pe of circuit has been di cu . d 

arti 1 2• 3 and i hown in 
ba ic form in Figur 1. No e that h 
upp r output tube is driven from grid to 
cathod , not grid to ground, and that th 
a-c current of b th ubes add in th 

load, while the grid voltage are of op­
po ite pha e. Therefore it has tru pu h­
pull op ration and single-ended ou put 

wi hout he u e of an output tran -
former. In a onventional push-pull 

ircuit the frequency rang i ever ly 
limited by the output transform r . 

The uni amplifi r -v as d igned for 
u ' ith the TYPE 1203- Uni P wer 

2.A. P. G. Peterson, "A New Push-Pull Amplifier ircuit," 
General Radio Experimenter, October, 1951, pp. 1-7. 
3 . P. G. Peter n and D. B. Sinclair, " Single-Ended 
Push-Pull m.plificr." Proc. I.R.E., .January, 1952, 
Ip. 7-11. 

A L s 0 I N T H I s I s s u E Paye 

OscrLLA'l'OR Co srDERA'l'IONs _ _ _ _  . .  _ . _ . . _ . . . . . .  _ . . . .  _ . . . . .  _ . . . . . . . . . . . . . . . . . . . . 6 
ELECTROLYTIC APA I'l'OR TES'l'I• a A'l' 120 Ycr_,Es . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

COVER PHOTO 
In the production of textile yarns, the speeds of the processing machinery ore extremely important. 

Constant speed assures uniform quality and fewer defects in the cloth woven from the yarn, while the 
maintenance of roted speeds is necessary for efficient production. 

The stroboscopic method of speed measurement is widely used in textile plants, because there is no 
mechanical contact between machine and tachometer, so that the speed of the machine is not affected. 

In spinning and twisting operations, a complete frame of spindles can be checked quickly for proper 
speed and, at the same time, defects in the operation of the machine can be spotted by means of the 
slow-motion effect. 

This photograph shows the General Radio Strobotac® being used to measure the speeds of spindles 
on an Atwood twister and to observe the shape of the yarn balloons . 
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Figure 2. Panel view of the amplifier. 

upply, who utput n ce arily limit 

the ma. imum output pow r of the am­

plifier and he choice of tube types. Of 
h available tube typ s that could b 

operat d from the power upply, a pair 

of triode-connected 6W6-GT's gave the 
b st results. 

A 12AX7 miniature twin triode is 
used in the input stage and phase in­

erter since it com ines the economy of 

a ingle nvelop 'with th de irablc 
feature of high gain and low ca hodc­
heater power. It will be no d from Fig­

ur 3 tha th pha -inv rter plate up­

ply is aken from B+ through a r -

si tor to enable this stage to
� 

handl 

larger signals. A capacitor conne ts tho 
phase-inverter plate resistor to the out­
put, so that for a-c signals th ir uit 
is equivalent to that of Figure 1. The 

Figure 3. Complete circuit diagram. 

INPUT 
100 KllDHMS 

)( 

OUTPUT 
3 WATTS M 
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GE NERAL RADIO EXPERIME NTER 4 

fir tage has a gain of about -o and 

the pha e inverter and output stage have 

an over-all gain of about 3 .5 when loaded 

wi h 600 ohm . F dba 1 r d i thi 
gain by a fa tor of 4. Full u put i b­

tain d with an input signal of lightly 

les -han 1 volt. vVith no load the <Yain 
i · approximately 50. 

OPERATING CHARA CTERISTI CS 

Output power v . load for a total di -

tortion of 1 % i hown in Figur 4 for a 

t. pi al in trum nt. It an be seen that 
th optimum load is lightly more han 

GOO ohms. The output impedance would 

b ab ut 400 ohm v ith no feedbacl and . . ' 
1 1 100 ohm with feedback. 

Figure 5 shows harmonic di tortion 

as a_ function of output power for a typi­

cal m trum nt a 1 k . At 20 c 1 and 
40 kc, the di tortion i lightly high r. 

'I'hese curves are taken with the ampli­

fier supplied from a TYPE 1203-A Unit 

Pow r upply op rating from a lin 

voltag f 115 v lt . The voltage out­

put for a given distortion and load is 

roughly proport ional to the line voltage. 
'lh in 1modulation di tortion in 

thi amplifier i e sentially independent 

of the component frequencies over the 

audio range. At 3-watts output, the 

Figure 5. Harmonic distortion cs a function of output 
power at a frequency of 1 kc with 115-volt line. 
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Figure 4. Output power as a function of load re­
sistance for a total harmonic distortion of 1 %, with 
the: power supply operating from a 115-volt line. 
Points are also shown for l 05-volt and 125-volt lines. 

CIF4 
quadrati c intermodulation di -

tortion i about 0.25%, and the ubi i 
about 0 . 6% . Th MPTE interm dula­

tion is hown in Figure 6 as a function 
of output power. Up to 3 watts , the dis­
tortion i well below the 5% intermodn­

la ion limit u ually set for high-quality 

amplifiers. 

The frequency ch aracteristics of tho 
amplifie r are giv n in ·i igur 7 and f r 

a 600-ohm load and n loa l. The olid 

curve ar th ou put (measured with a 

peak-reading voltmeter) for a con ant 
input level. At the frequen y extr m 

di tortion oc ur wing o the relativel; 
limited frequency response of the phas e 

inverter. The dashed curves give the 

maximum output for an ou put ' a 

form that i not visibly di torted on n 

cathode-ray oscillograph . 

4A. P. G. Peters?n, ''An Audio-Frequency Signal Gen­
erator _for Non-Linear Distortion Tests," General Radio 
Experimenter, August, 1950. 

Figure 6. Intermodulation distortion (SMPTE method) 
as a function of output power. 
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Figure 7. Output voltage vs. frequency with 600-ohm load. Solid curves ore for constant input level, 
dashed curves for good output waveform. 

USES 

Th rrYPE 1206-B nit Amplifi r h as 

been designed to give full output with 
� maximum input of one volt, corre­

, ponding to the ou pu vol age of many 
1 c(,ro-acou ti and 1 c tro-mechani al 

mea uring devices. Thus it can be used 

to amplify their output to a level uffi-
·ien to operate graphic recorder . Typi­

cal example of th e device are the 
TYPE 1551-A ound-Level Meter, the 
TYPE 760-B ound nalyzer, the TYPE 
155 -A 0 ave-Band K oi e Analyz r, 

s rToratio W. T,amson. "Type !l-11-A Toroidal Tran. -
forrnC'r," General Radio Experimenter, , eptembcr, 1950, 
pp. 1)- • 

the TYPE 761-A Vibration Met r, and 
the TYPE 762-B Vibration Analyzer . 

It is al o u eful in amplifying th- out­
put of the TYPE 1390-A Random-N oi. C' 

enerator for audio-frequ ncy i.e · . 

For u e ith load imp dance other 
han GOO ohms the '1,YPE 941-A Toroidal 

Tran form r5 i an e c llent imp dan 
matching device. Wi h thi tran former, 

load imp dan from 37.5 ohm t 
9600 ohms can be matched to the GOO­

ohm amplifi r i1np clan Fr qu n y 
re pon e coven:; approximately four 
de cad 

- JI ENRY 'p. II LT.i 

SPECIFICATIONS 

Power Output: With 300-volt plate supply an l 
GOO-ohm load: 

3 watts from 20 cycles to 50 kc. 
1.5 watts from 10 cycl s to 100 kc. 
0.5 watt at 250 kc. 

Distortion: Less than 1 % harmonic di tortion 
with 2 watt output (2 with 3 watt ) into 600 
ohm. from 20 cycle to 40 kc. 

Pulse Response: o Load 
Droop in 30-cycle quarc wave 15 3 
Approx. Ri e time: 

50 v peak-to-peak 
100 v peak-to-p ak 

Max output, peak-to-p ak 
magnitude 

1 µ, ec. 
2 µsec. 

260 v 

6000 
. 20 

2 µ. e .  
4 µ 

120 v 

Load Impedance: 600 ohms optimum. Blockin� 
capacitor is 100 µf. (Source impedance about 
100 ohms.) 

Input Voltage: Le s th. n on volt for full pow r 
output. 

Input Impedance: 100,000 ohms in pa.rail l with 
35 µ.µ£. 
Frequency Response: E scntially flat from 10 
cycles to 100 kc (see power output sp cifica-

ion) . 
Voltage Gain: Continuou. ly adju table. Maxi­
mum voltage gain i 50 (34 db), with no load. 

A-C Hum: Maximum a-c hum in output with 
TYPE: 1203-A Unit Pow r Supply is less th:m 
15 mv, rm . 
Power Requirements: 6.3 volts, 2.7a ; 300 volts, 
50 ma. TYPE 1203-A Unit Power Supply is 
recommended. 
Power Supply: The amplifi r plugs directly into 
the TYPE 1203-A or the TYPE 1204-B nit 
Power upply It can be permanently attach d 
with bolts suppli d to form a omplet as ml ly. 
Accessories Supplied: Multipoin onn ctor. 
Tubes: n 12AX7 and two 6W6-GT :u­
suppl i d. 

IMc 
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SOLID LINES: CONSTANT INPUT LEVEL 

I (OUTPUT MEASURED ON PEAK-READING VOLTMETER) 
DASHED LINE: MAX. OUTPUT FOR GOOD OUTPUT WAVE FORM 
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Figure 8. No-load output voltage as a function of frequency. Solid curves are for constant 
input voltage, dashed curves for good output waveform. 

Terminals: Jack-top hinding po t with standard 
%-in.ch pacing. 

Mounting: Bla k- ra kle fini hed pan 1 and sides. 
Alwninum cover fini hcd with clear lacquer. 

Type 

Dimensions: (Width) 9.% x (h icrbt) 5% x 
(depth) 631( inches, overall. 
Net Weight: 4 pounds. 

Code Word Price 
1206-B Unit Amplifier . . . · · · · · · · · • • · • · • · · · · · · · · · · · · · I 1203-A Unit Power Supply . . . . . . . . . . . • . . . . . . . . . . . . . .  

ARBOR 
J\ LIVI� 

$85.00 
40.00 

P:itent applied for. Licem;ed under patents of the . T. und T. o. 

"OSCILLATOR CONSIDERATIONS" 

"Wi h lit rally thou and f R- band 

swi h o. cillators in u hroughout the 
indu try, we b Ii v it i high time, par­

ti ularly with the many younger en­
gineers ntering indu try who may not 
have had experience with other types, to 
men ion a few favorable words about the 

This article is one of the best 

and faires ummaries that we have 
een of the r la ti p rf ormance 
f beat-frequency oscillator and 

re istanc -capacitan e oscilla ors. 
It i reprin d, with p rmi ion, 

from Lab Note , pu li h d by Gaw­
ler-Knoop Company, ales En­
gineers, and was prepared by 
Clough-Brengle Company, one of 
the manufacturers whose products 

are di tri uted by Gawl r-Knoop. 

• 

somewhat neglected, ye definit ly d -
serving, beat-frequency audi o cillator. 

"Basic advantages of the BF a om­
pared wi h the RCO might be um­

marized as follows: 

"1. The BFO output amplitude is con­
stant throughout a frequency range f 

usually 50 cps. to 10,000 cps. and within 

0.5 db to 32 kc. It is not subject to discon­
tinuity of output level resultingfrom ban 
switching as is necessary with RC type , 
since no band switching is nece ary. 

"2. Because of insufficient overlap in 

band switching, he inve tiga ion of 
important network responses o urnng 
at RCO dial extremes become an in­
convenient task. 

"3. Thermal and warm-up s ability f 
the BFO is far superior to the RCO. At 
1,000 cps., a typical drift figure for th 
BFO from a cold start is in the ord r f 
10 cp . or 1 %, but is corrected with 
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·jmpl z ro aclju ·tn1en , o u ·h lTOl' i8 
lin1.ini h to ntiall z ro. Th R 

has about the sam drift with no correc­
-ion control. At ,000 cps. th B cal­
ibration and readability accuracy i 
th order of lo/( or b tt r, while the 
i in the order of 2 or better. After a 
two-hour warm-up, both h B and 
RCO have substantially abilized. in 
BF frequ ncy drift i a con taut value, 
not a con tant percentag , th BFO will 
p rform even better at high rfr quencies. 

"4. A well-designed BFO will no e -

hibit frequency change with output a -
tenuator setting changes. 

"5. The rated dis ortion value for the 
BF is usually Yz of lo/(, while the sam 
figur for th R i u ually 1 %. Th e 
fio-ures apply only above 1 00 cp ., how-

v r. 
"6. The BFO epend upon he tabil­

i y of L ra h r t an R. It con equentl 
exhibit a superior calibration p rma­
n nee and can take advantage of he 
further inherent stability resulting from 
a 1 -v L- to C-ratio. 

" 7 . Much has been said of th lo k-in 
tendencies of the BFO a low frequenci 
(when both high-frequency o cillator 
ar approaching the ame frequency). 
'I'his problem is one of th r a on for 
BFO's to be mor useful above 25 to 
50 cps. However, let it b aid that a 

imilar problem al o exists with he 
H. since the tuning capacitor must 
op rate above chassis potential, which 
causes it to tend to 'lock in' at pow r 
line frequency and multiples thereof. 

"8. Fairness in making a compari on 
'uch a this dictate the comment that 

th R ir uits arc id al for lo\ -fr -
q u ncy applications, generally below 
50 cps., where the d ign problems of th 
B 0 are extremely severe. 

"Beat-frequency audio o cilla ors ar 
currently manufa turcd commercially 

NO VEMBER, 1953 

b iPral l adio ornpan (v ho, by 
h ' a , h 1 1  th ba ic R o · ·illaLor 

patent with 34 claim ) and lough­
Br ngl Co." 

EDI'l'OR' OTE: Th n r· l I aclio 
ompany manufacture two model of 

he RC-typ of o cilla r and f ur f tl 
b a -fr queue type. ach i de io-n d 
for superior p rformanc in it par icu­
lar fi Id of application. 

It is po ible, wh n the application 
ju tifies the addi ional expen e, to im­
prove greatly the p rformance of th 
R oscillator. Th TYPE 1301-A Low­
Di ortion illator, for ins ance, af­
fords an excellent xampl of h w the 
prop rtie of th R -type of circuit can 
be u ed to advantag . Thi o illator 

upplies 27 fixed fr quencies be w en 
20 and 15,000 cycles f r u e a  te t on 
in the mea ur men t of harmonic di tor­
tion. Here, by car ful de ign of the fre­
qu ncy- and amplitude-controlling ir­
cuits and through th u of high-quality 
component , a total harmonic di tortion 
a low a O.lo/( is ob ain d with a fr -
quency drift of only 0.02% per hour. 

Th be t-frequ ncy o cilla tor ha an 
outs anding advantage for audio-fr -
queue te ting. The fr quency- on rol 
dial can be made logarithmi in fr -
q u n y ov r a range of thre a e 

thus permi ting the drive to be oupled 
dir ctly to a recorder for the automatic 
recording of frequency-dependent ph -
nomena over a range of 20 to 20,000 
cycles without range switching. Th 
RC oscillator usually requires th re 
bands to cov r thi range. Thi l g­
ari thmi , wide-rang , ino·le-dial con­
trol is a f ea ure of th 'I YPE 1304 B t­
Frequency Oscillator, which is wi ely 
used for measuring the amplitude-vs.­
frequ ncy chara t risti of audio-fre­
quency equipment. 
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ELECTROLY TIC CAPACITOR TESTING AT 120 CYCLES 

TUNED 
AMPLIFIER 

+ 
UNKNOWN 

EXTERNAL rNffiA= 

DC 

'unent RE'l'MA standards call for 
the m a urement of 1 ctrolytic ca­
pa itor at 120 cycles. As a re ul , a 
number of our cu tomers ha e reque ted 
modification of the TYPE 1611-A Ca­
pa itanc T t Bridge to permit meas­
ur ment at thi frequ ncy. 

Th inclu ion of a 120- ycle source 
for us over the entire capacitance range 
of this bridge would require ubstantial 
and exp n ive alteration . R latively 
n1inor and inexpensive change , how­
ever, make possible the use of an ex-

Type 

ternal l 20-cycle source for m asure­
m nts with .th upper four multipliers of 
the bridge. These mul ipliers cover th 
range from lµf to 11,000 µf, and are thu 
appropriate for ele trolytic capa itor . 

A indicated in he accompanying 
chematic diagram, the 120-cycle mea -

uring voltage i applied in serie with 
the external d-c polarizing voltacre nor­
mally required for electrolytjc capacitor 
te ting. Since the d-c supply i grounded 
the test voltage must be supplied 
through an isolation transformer, which 
can al o erve to match the low imped­
ance of th bridg (from a few ohm 
to a few thou and ohm ) to the 120-
'ycle sour ·e. 

Tuning of th d tector to 120 cycles 
i provided, a i a jack to permit ·on­
nection of a resonant circuit ext rnaJly, 
for mea urements at frequencies oth r 
than 60 cycle or 120 cycles. 

The dissipation factor range i di­
rectly proportional to the te t frequency; 
thus at 120 cycles the range of the bridg 
become 0 o 120%. The di ipation 
factor a uracy i + (2 0 of dial reading 

f + 0.05% x 60). 
The modifi ation <le ·cribcd i · de 1g­

na ed a TYPE 1611-AS .... 

Code Word Price 
1611-AS2 J Capacitance Test Bridge . . . . . . . . . . . .. . . . . . . . . .  j PAVOH $525.00 

GENERAL RADIO COMPANY 
275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 
TELEPHONE: TRowbridge 6-4400 

BRANCH E NGINEERING OFFIC E S  
NEW YORK 6, NEW YORK 

90 WEST STREET 

TEL.-WOrth 2-5837 

lOS ANGELE S  38. CAL I FORN I A  

1000 NORTH SEWARD STREET 

TEL.-HOllywood 9·6201 

CH I CAGO 5, 11.LINO I S  

920 SOUTH MICHIGAN AVENUE 
TEL.-WAbash 2-3820 
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