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e AN APERIOD IC POWER AMPLI..: 

FIE R of wide frequency range and sul tan

tial output finds many application in the 

laboratory and in general te ting . ..  uch 

amplifier , when needed, can be buil up in 

the laboratory, but he development work 

necessary to get adequate performance usu

ally proves to be exce sively exp nsive, and 

considerable time is consumed hat could 
be more profi ably u ed for other and more 

important projects. 

To make this type of amplifier generally 

available , the General Radio Company has designed the TYPE 1233-A 

Power Amplifier. 

Three output combinations are provided: 

(1) 20 cycles to 20 kilocycles, in o 150 or 600 ohms balanced or 

grounded. On this range, an output of 15 watts is available between 

50 and 15,000 cycles. 

(2) 20 kilocycles to 1.5 megacycles into 50 ohms, balanced or 

grounded. Maximum output i 15 watts from 20 l ilocycles to 0.5 

megacycle; 8 watts at 1.5 megacycles. 

(3) 20 cycles to 3 megacycles . Output is 150 volts peak-to-peak, for a 

figure 1. Panel view of the Type 1233-A Power Amplifier. 
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high impedance loa ·with a gain of 60 

db. With grounded ou put, voltage i 

limited to 50 volt , peak-to-peak, with 

a gain of 54 db. Rise time is approxi
mately 0.1 mi ros cond, with negligible 
over hoot. 

Maximum output i obtained in all 
cas with an input of 0.2 volt. Dis or

tion i below 3% at maximum output 

over mo t of the frequency range, and 

noise is between 60 and 70 db belo\ 

15 watt . 
A diode voltmeter wi h full-scale 

ranges of 150, 50, and 15 volts, indicates 

the magnitude of the output oltage. 

APPL ICATIONS 

The TYPE 1233- Power mplifier i 
u f ul in th t ting and developm nt of 

audio-frequency equipment, and in driv

ing upersonic genera or . A standard 
broadcast frequencies, it can be used o 

xcit antennas for mea urements with 
deflection-type instruments. When used 

with an antenna and tuned input, it can 
drive a TYPE 1931-A Modulation Moni

tor to monitor remote ransmitters. On 

the 20 c-to-3 Mc range, the amplifier ha 
u:ffi ient output for use as an oscillo

scope deflection amplifier. 

CIRCUIT 

Ba ically, the amplifier consi ts of 
three push-pull broad-band tages and 

three pos ible output circuits, selectable 
by a range swi ch. Figure 2 is a simpli

fied chematic. The inter tag coupli�g 

are of the erie -peaked type, designed 

2 

f r onstant gain up to 5 megacycl 
Th input stage functions a a phas in
verter by virtue of a high common cath

ode resistor. 

OUTPUT SYSTEM 

eparate output ran former are u ed 

for the 20 c-to-20 kc and he 20 kc-to-
1.5 M ranges. Both transformer ar 

of toroidal con truction. The low fre

quency trans£ ormer is arranged with 

two secondaries so hat a parallel or 
erie connection can be selected by the 

outpu switch to provide for 150 or 600 
ohm load . The output switch also 

elects a grounded or ungrounded ou put 
by connecting the secondaries of thi 

tran form r to the grounded or balanced 
outpu t rminal . Th high frequ n y 

transformer i arranged with one econd

ary for 50-ohm grounded loads. This 

transformer i wound on a mall high
permeability trip- ound toroidal core. 

Special care in the de ign and the con-

truction of this tran former were neces
ary to achieve satisfactory performance 

at the relatively high frequency at which 

it operates. Both the leakage reactance 
between the primary and secondary 

winding and the di tributed capacitance 

of the primary are limiting factors in 
determining the high-frequency per

formance. The e conflicting factor in 

the tran former de ign require a com

promise pacing between th grounded 
secondary and the primary to achi ve 
maximum performance. Polystyrene cup 

are u ed as h in erwinding in ulation 

Figure 2. Elementary schematic circuit diagram of the amplifier. 
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t k ep the capacitan ·e du to dielectrie 

on tant of he in ulation o a minimum. 

, ingle-layer paced winding are u ed 

for both he primary and econdary, and 

r versed windings ar u d on th wo 

halves of the toroid ir umference o 
minimize the di tributed capacitanc . 

For th 20 c-to-3 Mc range, pu h-pull 
output i upplied hrough a ri 
peaked video network. 

TYPE 7 4 o axial onn ctor ar pro
vided at he input and ou put. Ground d 
binding po ts spaced %-inch from th 
·enter conductor of th e connector 

perrm conn ction to b 1nade al o by 

m an of TYPE 274-MB Double Plug if 

d ired. Two insulated binding o t ar 

provided a the outpu whi h ar u d 

when balanced output i elected. 

TUNED OUTPUT 

Th availabl power ou put drop 
rapidly above .5 m ga ycles on the 

20 kc-to-1.5 M range. However if de-

ir d full ou put can be obtained up o 
5 megacycl , by di onne ing exi ting 

lead and connecting a uitable external 

tuned ircuit from plate cap to plate cap 

on the output tubes and connec ing th 

c nter tap of thi circuit o the high 

voltage plate upply . 
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VOLTMETER 

An ou pu t \ ol m ter i pro id d which 

indi ate the u -pu rminal voltag 

n th �0 to 2 000-c cle rang and th 

.-0 k - o-1. - M range. On the 20 ·-to-3 

::v.Ic rang the ou put ol rn t r i con

nected o th ground d utput t rminal , 

whi ·h ar no - u d for ·hi range mak

ing the voltmet r a ailabl for xternal 

u or p rmi tin an xternal jump r to 

b u d t connect it to either of th 

balanced outpu terminal . Th volt

meter i pro id d with full- ale range 

of 150, 50 and I - volt , and ha an im

p <lane of approximat ly 15 000 ohm . 
The vol meter i 'Omp n ted to 5 m ga-

cl and fun tion. a a full-wa' -

av rage type. Th m t r an al be 

witch d o indi ate plat urrent 

of th ou pu amplifi r lb 
Th voltm t r u e r tal diod 

r tifi rs in a bridg circuit. 

POWER SUPPLY 

The high v 1 a<T pow r supply u 
lenium rectifier in a full-wav volt

ag -doubling ircuit and a two- ection 

L filter. bia upply al o u ing 

1 nium re ifier provid fix d bia for 
the outpu tage. 

- \¥, F. BYERS 

' 
"'' ---.. � N 0 n 0 --n 

� -t a \ 0 
N '"" >--� 

' TYPICAL RESPONSE CURVES � ' "' \ � \� -3 <n ...I uJ ID -4 
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SPECIFICATIONS 

Frequency Range: Three ranges are provided: 
20 cycles to 20 kilocycles 
20 kilocycles to 1.5 Mc 
20 cycles to 3 Mc 

Power Output: 
20 c-to-20 kc range - 15 watts from 50 c to 

15 kc; 8 watts at 20 c and 20 kc. 
20 kc-to-1.5 Mc range - 15 watt from 20 

kc to 0.5 Mc; 8 watts at 1.5 Mc. 
Maximum available power output a low 

distortion. depends upon power-line voltage. 
Rated output is obtainable at 105 line volt . 
At higher line voltages, output is greater. 
Voltage Output: 20 c-to-3 Mc range - 150 volts, 
peak-to-peak. 
load Impedance: 

20 c-to-20 kc range - 600 or 150 ohms, bal
ftnced or grounded. 

20 kc-to-1.5 Mc range-50 ohms, grounded. 
20 c-to-3 Mc rang - deflection-plate ter

minals of cathode-ray oscilloscop , con ected 
with 36-inch leads and with an effective inpu 
resistance of at least one megohm. 
Transient Response: 20 c-to-3 Mc range - ap
proximately 0.1 microsecond rise time, with 
negligible overshoot. 
Input Voltage: Less than 0.2 volt for full output. 
Input Impedance: 100,000 ohms in parallel with 
37 µµf (grounded). 
Distortion: Les than 3 % at rated output on all 
ranges. 
Noise Output: 

20 c-to-20 kc range, 60 db below 15 watts 
output. 

Type 

20 kc-to-1.5 Mc range, 70 db below 15 watts 
output. 

20 c-to-3 Mc range, less than 0.3 volt pen.k 
to-peak balanced. 

Frequency Response: ee typical curves. 

Power Supply: 105 to 125 (or 210 to 250) volts, 
40 to 60 cycles a-c. 

Power Consumption: Approximately 140 watts at 
15 watts output; approximately 120 watt at 
zero output. 
Voltmeter: 

Ranges, 150, 50, and 15 volts full scale. 
Accuracy, ±5% of full cale. 

Mounting: The panel is designed for mounting 
in a 19-inch relay rack, but removable end 
frame are supplied so that it may be used 
equally well on a table. 

Tubes: 2 - 6AC7 2 - 6AG7 
2-807 1-6J6 

Terminals: TYPE 874 Coaxial Terminals at input 
and output. Adjacent ground posts for connect
ing by TYPE 274-MB Plug are provided. 

Two insulated binding posts for balanced 
output. 

Accessories Supplied� even-foot power cord; two 
TYPE 274-MB Double Plugs; two pare line 
fuses; two TYPE 74-C Cable Connectors. 

Accessories .Available: TYPE 874-RlO Patch 
Cords; TYPE 874 Connectors and Adaptors. 
Dimensions: 19% x 1434' x 7.:Yz inches, overall. 
Net Weight: 45 pounds. 

Code Word Price 
1 233-A Pov.;er Amplifler • • • . . . . . • . . . . . . . . . . . . . . . . . . .  ANG EH $525.00 

U. . Pat nt 2,125. 16, al o Patent Applied For. 

MECHA NICA L DESIGN 

"The term 'mechanical design' creates 
different pictures in individual minds. 
To some people it means styling or dress
ing up a product, while to others it con
jures up a mechanized nightmare of 

hafts, gears, cams, and pulleys. 
"In my mind really good design has 

no room for either of these extremes. 
treamlining equipment which does not 

swim or fly, or adding chromium strips 
to an already complete structure, are 
not productive contributions. There is 
no fundamental difference between such 
attempts at decoration and a border of 
pink roses around an instrument panel; 

it is only a matter of degree. There is 
inherent beauty, however, in a smooth 
functional shape with an honest seam or 
bump here and there. Look at a woman! 
Would she be improved with a torpedo
shaped body and white side walls? 

"Likewise the design which just grew 
along the path of least resistance con
tains very little creative head work. It is 
no accomplishment to add a feature to a 
machine by adding a mess of single-pur
pose parts. It is real accomplishment 
to gain the feature by designing the 
original parts to serve the extra pur
pose. 
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"A good design is one which combines 
the requisite features into the simplest 
possible whole with each part easy to 
make and each part performing as many 
functions as possible. This automatically 
results in fewer parts, clean-cut shape, 
and low cost, which I consider synony

mous with good performance, good ap
pearance, and good salability. 

"This kind of design solution is seldom 
the obvious one and requires more effort 
than an elaborate answer. The only ap
proach to it is to apply concentrated 
thought from the broadest possible view
point, and the only useful working tools 
are knowledge of materials and methods 
plus common sense. The results are pro
portional to the effort expended as in 
any other job and cannot be attained 

JANUA RY, 1951 

quickly by divine inspiration or by a 
shot in the arm. 

"Another popular idea with which I 
am at odd is that a modern design must 
use mysterious new manufacturing proc
esses and supernatural new materials. 
When one reads about these things they 
are intriguing, but there are generally 
years of pioneering between their dis
covery and their practical commercial 
application. The most economic designs 
use down-to-earth, proven fabrication 
techniques which fit available equip
ment and know-how and materials 
which can be shipped from local ware
hou es." 

- Excerpt from a talk by HAROLD M. WrL ON, 
of the General Radio Mechanical Design Group, 
outlining the functions of the group to General 
Radio foremen at their monthly meeting. 

VA RIA C(R> PH A SE-SHIFT CIRCUITS 

ADJUSTABLE 
PHASE OUTPUT 

Figure 1. Simple circuit for obtaining adjustable
phase output from a 3-phase system. 

In response to our recent article
1 

on 
phase-shift circuits, we have r ceived 
two letters suggesting the simpler cir
cuit shown in Figure 1. The total phase 
shift obtainable is 120° and the ac
companying voltage variation is small, 
as shown in Figure 2. 

This circuit was first called to our at-

'Gilbert Smiley. "A Variac Phase-Shift Circuit," General 
Radio E:cperimenter, October, 1950. 

ten ion by Mr. Reginald H. Rennis of 
the Boston Edison Company, who has 
been using the circuit for some years. 
Mr. Gordon Thompson, Chief Engineer 
of the Electrical Testing Laboratories, 
states that this circuit has been in use 
at E.T.L. for many years, and that 
tapped autotransformers were used be
fore the introduction of the Variac. He 
has also used a second Variac, cam
operated from the shaft of the first, to 
maintain the voltage constant to 1 % 
while phase angle is varied. 

We are grateful to Mr. Rennis and 
Mr. Thompson for calling this circuit to 
our attention, and we are glad to recom
mend it to our readers. 

Figure 2. Voltage variation as a function of dial 
rotation. 
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THROTTLIN G CON TROL US ES 

PN EUMA TICA LLY O PERA TED VA RIA C 

Figure 1. V i ew of the Pneumatic Current Controller 
showing rock and pinion drive. Inset shows front view. 

Among he modern d vices for indus-
rial control application are he Cono 

Pneumatic Current Controller for 
throt ling control ser ic , manufa ured 
by the Conofiow orporation, Phila
delphia. Opera ing from th outpu 
pre sure of a conventional industrial 

pneumatic co1 trol ler, he Cono Mod I 
EB, hown in the photograph , Figure' 
1, combine the feature of a Cono Pn u
ma ic ylinder and a Variac® au 

ransformer o provide th pre i con
rol of current inpu that i r quired in 

many industrial operations and proc
e ses. A typical application of su h a 
con roller is shown in Figure 3. 

The Cono Pneumati c Cylinder permit,· 
po itioning by pneumatic means to one 
pa in 500. The uni consi t of a pn u-

cylinder "'rith a constant loading 
pres ure on one ide of the piston and 
t e output air pr ure of a built-in 
po itioner n he.other ide of the pi ton. 
The po itioner unit is built in o he 
upper nd of the cylinder and the piston 
stem i ex ended through the bottom f 
the cylinder. he pi ton stem ha a rack .

cut in it which engages a pinion gear on 
the extended haft of the Variac unit. 
Oppo ite the pinion gear on the other 

ide of the stem, there is a roller bearing 
to provide perfect alignment and engage
ment. This method of arrangement 
provide ample travel and power, with 

en itivity and accuracy of position
ing for onventional industrial control 
service. 

Figure 2. Diagram showing the Current Controller, operating through a standard pneumatic contro l instrument, 
to regulate an electric furnace. 
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l.R.E. MEMBERS HI P DR IV E 
'l he current member hip drive of the 

In titu e of Radio Engineers ha as its 

objective th rengthening of the o

·iet in repre enting the intere s of 
engineers working in the 1 ctronic and 

nucleonic field . 

The newly formedProfe ionalGroup , 

rganized to bring together pecialist 

in vari us pha es of these broad fields, 

are expanding rapidly. If your work or 

111 rest in lectronic or nucleonic engi

neering i either general or p cialized, 
you will find it worth while to b a mem

ber of the I.R.E. 

Member receive every month a copy 

of the PROCEED! TG OF THE I.R.E, the 

magazine which is recognized a one of 

he most important contribu ions to the 

engin ering progres of radio. From ime 

to time Institute Standard overing 

various aspects of radio engineering are 
published in the PROCEEDING . The 

Yearbook, containing information on 

over 22,000 member , is al o ent to all 

m mbers. 

The benefits of I.R.E. member hip 

include parti ipa ion in echnical meet

ing of the local Section and Professional 

Group as w ll a h Regional and Na
tional onvention . Technical om

mitte activiti in se ing s andard and 

Profe ional Group activiti in procur

ing papers and arranging meetings offer 

stimulating con act with other engi

neers and further opportunities for direct 
contribu ions to the progres of the 

indu try. 

If you are not a member, now i the 

time to join. Membership grades ar 

Student As ociate, Member, and Senior 

M mber and you are eligible for one of 

them. Applica ion blanks and inf orma
tion on requirements can be obtained 

from your local ection officers or di

rectly from the Institute of Radio En

gineers, Inc., at 1 Ea t 79th Street, New 

York 21, New York. Th grade of Fellow 
canno be applied for a it i conferred by 
action of the Board of Director in recog

nition of distinguished achievement. 

MISCELLANY 
We are indebted to Profe or H. E. 

Elli thorn of the epartmen t of Electri

·al Engineering, otre Dame Univer

ity, for the accompanying photograph 

h wing how TYPE 874 oaxial Elements 

can be packed for conv nient torage 

and transportation. 

Th box is the storage ca e upplied 

\ ith the TYPE 874-LB Slotted Lin . 

Mounting facilities for air lines and for 
he vertical shaft of the TYPE 87 4-Z 

tand have been added to the cover 

' hi le receptacles for the smaller parts, 

ell , ees, and terminations, have been 

built in o h box itself. Patch cord are 
stored loo ely in th rema1n1ng pace. 

Figure 1. View of the storage box, showing the various 
coaxial elements that ore accommodated. 
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Figure 2. View of the box with elements packed in place. 

The addition of handles at the ends 
makes the converted box a convenient, 
easily transported case, requiring a mini
mum of storage space. 

RECENT VISITORS to our plant and 
laboratories - Dr. H. Moss, Chief En
gineer, Electronic Tubes, Ltd., High 
Wycombe, Bucks, England; Mr. P. E. 

N. Towle, Mullard Electronics Products, 
Ltd., London, England; Mr. R. C. 
Auriema, of Ad. Auriema, New York, 
export representative for General Radio 
products in Latin America; and Mr. 
Leopoldo Brandt, of Mauricio Brandt 
S.R.L., Buenos Aires, Argentina, who 
handles General Radio products in the 
Argentine. 

THE General Radio EXPER1MENTER is rnailed without charge each 
month to engineers, scientists, technicians, and others interested 

in cornrnunication-frequency measurement and control proble111,s. 
When sending requests for subscriptions and address-change notices, 

please supply the following information: name, company address, type 
of business cornpany is engaged in, and title or position of individual. 

GENERAL RADIO COMPANY 
275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSE TTS 
T E LE P H 0 N E : TR owbridge 6 - 4 4 0 0 

BRANCH ENGINEERING OFFICES 
NEW YORK 6, NEW YORK 

90 WEST STREET 

TEL.-WOrth 2-5837 

LOS ANGELES 38, CALIFORN I A  

1000 NORTH SEWARD STREET 

TEL.-HOllywuud 9-6201 

CHICAGO 5, ILLINO IS 

920 SOUTH M I CHIGAN AVENUE 

TEL.-WAbash 2-3820 
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