
Fiq. 1. Over·all view of amplifier. Pow· 
er supply is built on a separate chassis. 

A Wide-Range 
FEEDBACK 
AMPL FIER Inverse feedback over 4 stagf!s 

''''oved no proble", to a"thor in 
.'esiglling this ."",e,·ican version 
of the ~~"Tillia",son ." ... plifier. ~~ 

By 
ROBERT 1'1. lUITCHELL 

Circuit Application Enqineer. United Transformer Co. 

T HE growing demand for in
creased realism in the reproduc
tion of sound, both in music and 

speech, has necessitated a reconsidera
tion of several basic problems in the 
design of audio amplification equip
ment. These problems are concerned 
with psychological as well as physical 
phenomena, and involve such varied 
considerations as system bandwidth, 
room acoustics, the sensation of loud
ness, and the relationship between dis-

tortion products and musical disson
ance, to name only a few. In this con
tinued striving for more faithful re
production, negative feedback plays an 
indispensable part. 

At one time negative feedback was 
used somewhat as a remedy, that is, 
it ameliorated gross defects in equip
ment of mediocre quality until some 
of the resultant specifications were 
comparable to those of higher quality 
equipment. Fortunately for the music-

Fiq. 2. Schematic diaqram and parts .list coverinq the amplifier power supply. 
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C" C,,"".l Jl.ld., 400 ~. eond. 
C. , C" C.-S Jl.ld., 600 ~. elec. condo 
T,-Power Iron •• 400·0·400 ~. @ 200 mo.; 5 

~. @ 3 om",,; 6.3 ~. @ 6 om" •• e.l. (UTC 
R.I13) 

PL,-6.3 ~. "ilotlight 

B+ I 

B+ 2 

B-

CH,-I2 hy. @ 150 mo. filler choke (UTC 
CG.IOO) 

CH~75 hy. @ 50 mo. filler choke (UTC 
CG.4SC) 

S,-D." .•. I •• w. 
F,-3 om". lu.e 
Y,-5R4GY or 5U4G lub. (S •• text) 

lover, those days are largely past, and 
feedback is now more profitably em
ployed in refining the characteristics 
of an already superior system. Thus, 
it is becoming more common to find 
large amounts of feedback being used 
with medium-power, all-triode ampli
fiers of very linear characteristics, em
ploying parts of the highest quality. 
The employment of such large amounts 
of feedback requires that, for sta
bility's sake alone, the gain-frequency 
and phase-frequency characteristics of 
the original amplifier be controlled 
over a range much greater than that 
over which the benefits of the feed
back are desired. Terman, in his 
"Radio Engineers Handbook," page 
226, gives as an approximate rule 
the relation of one octave extension 
of range for every 10 db. of feedback 
desired, plus one or two octaves as a 
margin of safety. Thus, if it is de
sired to produce an amplifier with 20 
db. of feedback and a useful range of 
20 to 20,000 cycles, it is necessary that 
the characteristics of the feedback loop 
be controlled for at least three octaves 
beyond this range, or from 2.5 cycles 
to 160,000 cycles. Since the control of 
gain characteristics is a comparatively 
simple matter for resistive-capacitive 
coupled stages, the crucial component 
in a high-quality amplifier is the out
put transformer. 

A high-quality amplifier of excel
lent linearity and utilizing 20 db. of 
feedback around all four stages and 
the output transformer has recently 
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been developed in England by Mr. 
D. T. N. Williamson. This "William
son" amplifier was literally designed 
around a special output transformer, 
and used standard English parts. It is 
the purpose of this article to describe 
an outstanding vers"ion of this ampli
fier which uses a stock output trans
former and standard American parts. 

The heart of the amplifier is the 
output transformer, UTe LS-63. This 
transformer matches push-pull loads 
of 10,000 and 6000 ohms to a wide 
range of voice coil impedances. The 
frequency response of the transformer 
alone extends smoothly within 1 db. 
from 15 cycles to 50 kc. at medium 
power levels. This response enables 
the entire amplifier to be incorporated 
in the feedback loop with complete 
freedom from instability. The result
ing feedback amplifier has a frequency 
characteristic which is flat within 1 
db. from 10 cycles to 100 kc.! 

The amplifier circuit is straightfor
ward and simple. As may be seen from 
Fig. 3, it consists of four stages; a 
voltage amplifier, direct-coupled to a 
split-load phase inverter, a push-pull 
voltage amplifier, and a push-pull 
power amplifier stage. The output 
tubes are 1614's, connected as triodes, 
with self bias. Except for a lower 
maximum plate voltage rating, this 
tube is electrically identical to the 807, 
but has the additional advantages of 
being single-ended in construction and 
having a standard octal base. 

In order to permit flexibility of op
eration, the amplifier was built on two 
chassis, one containing the amplifier 
proper, and the other the power sup
ply. Figs. 1 and 5 show the top-chassis 
and under-chassis views respectively 
of the two units. Point-to-point wiring 
is used throughout, with short, rigid 
leads and a common ground bus serv
ing to reduce stray coupling and hum 
pickup. The ground bus picks up the 
individual grounds in order, starting 
at the highest level stages and pro
gressing in order to the lower stages, 
where it is finally grounded to the 
chassis at the input. 

The performance of the amplifier 
depends to a large extent on the bal
ance of the push-pull stages. The out
put transformer constants (induct
ance, leakage, etc.) are precision-bal
anced, so that no adjustments are 
needed for that component. The plate 
load resistors for the push-pull driver 
stage should be matched, as should 
also the plate and cathode resistors 
in the phase inverter stage. Before 
the amplifier is placed in operation 
two simple adjustments must be made: 
These adjustments set the operating 
conditions for the output stage, and 
normally need be made only once. 

Since the total plate dissipation for 
the two 1614's is 50 watts, the total 
cathode current must be limited to 120 
milliamperes. This is accomplished by 
inserting a milliammeter in the com
mon leg and adjusting R". This will 
produce a bias of about "38 volts when 
the plate to ground voltage is 440 
volts, and will keep the static plate 
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R 1 , Rr-.. Rf)-470,OOO ohm, V2 w. res. 
R~33,OOO ohm, 1 w. res. 
R~-22,OOO ohm, 1 w. res. 
R,-47,OOO ohm, 1 w. res. 
R"" R..-22.000 ohm, 1 w. matched res. 
Ro-470 ohm, Yz w. res. 
RlO-390 ohm, 1/2 'Ufo res. 
Rn , Rl~47,OOO ohm, 2 w. matched res. 
R 13, R 17-100,000 ohm, Y2 w. res. 
R H , R llI , R 22• R~:\-100 ohm, 1 w. res. 
R 1;j. R 20-100 ohm, 2 w. wirewound pot. 

R I ."" R'.!1-1 000 ohm, V2 w. res. 
R,n-150 ohm, 5 w. res. 
R~H-1200 X ,/'Yoice coil imp-edaPJce 
C1 , C:>;-8 f.Lfd., 600 Y. elec. condo 
e" e,-.05 Iltd., 400 Y. condo 
e" e,,-.25 Iltd., 600 Y. condo 

B+, 

T,-OuIPU/ /TaPJ5. 10,000 ohms to 'Y.C. (UTe 
L5·63) 

J,-Ampheuol connector 
Vv Vz--7N7 tube 
V 3 , V 4-1614 tube 

Fig. 3. Complete schematic diagram of the wide·range feedback amplifier unit. 

dissipation within the 50 watt rating. 
After this is done, the standing cur
rents in each tube are adjusted to 
equality by placing milliammeters at 
points X and Y, and adjusting R 15• This 
adjustment reduces the unbalanced 
d.c. current in the output transformer 
primary, and, consequently, improves 
the low frequency response. 

When adjusted according to the 
above instructions, the amplifier is op
erating almost completely in Class A, 
and will deliver 8 watts of power with 
almost undetectable distortion (less 
than 0.1 %). Although this may seem 
to be a rather low power output, it is 
more than adequate for home listen
ing. For reproduced music to sound at 

TO R2 

4700 

Fig. 4. Phase correcting network which 
can be used to eliminate the effects of ex· 
cessive stray capacity or capacitive loads. 

Fig. 5. Under chassis views of the audio amplifier and accompanying power supply. 
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Fig. S. Linearity curve of the amplifier. 

Rl-500,OOO ohm , V2 :We res. 
R 2, Rr.-27 00 ohm, Y2 »'. res. 
R :h R.--20,OOO ohm, V2 »'. res. 
R., R5- 1 0 ,OOO ohm, Y2 w. res. 
R c;-39 ,OOO ohm, 1 w. res. 
C" C.-50 !lId. , 25 v. dec. cond. 
Ce, C.-20 !lId., 450 v. dec. condo 
C. - .5 !lId., 400 v. condo 
C,- .05 !lId. , 400 v. condo 
V ,-12AY7 tube 
CGE·l-Tone control network (UTC CGE.l) 

Fig. 7. An equalizing circuit. giving up to 
IS db. boost or cut at either end of the 
spectrum. which may be used with amplifier. 
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Fig. 8. Frequency response of the amplifier. 
See text for an explanation of waveforms. 

about concert level to the listener in 
a large-sized living-room requires an 
average of about 5 milliwatts of 
acoustic power. In a fair-sized living
room of say, 2500 cubic feet volume, a 
value half this great is adequate. Al
lowing an average of 20 db. (100 times 
as much power) for peaks, a value of 
0.25 watts is obtained. To produce this 
acoustic power through a speaker sys
stem of 10% efficiency requires an 
electrical power of 2.5 watts. Under 
these condition the 8 watt amplifier 
has a safety margin of undistorted 
power of more than 3 times, or 5 db. 
If more power is required, the bias 
may be changed so as to operate the 
output stage more in Class AB" by 
adjusting R,o for 110 mao total cur
rent (approximately - 40 volts bias), 
and adjusting R" for equal currents 
as before. Under these conditions the 
distortion is 0.3 % at 10 watts and 1% 
at 12 watts. 

In the English design, a phase cor
recting network across R. is a per
manent part of the amplifier. This 
tends to increase the margin of sta
bility at high frequencies. The leak
age inductance of the UTC LS-63 is so 
low that this network is ordinarily not 
required. However, if the secondary 
load is highly capacitive or other stray 
capacities are introduced in the am
plifier, it may be desirable to add this 
network. If the output tube currents 
are high when all components are 
properly connected and all other 
measurements are correct, it is usually 
an indication that the circuit is oscil
lating at a very high frequency due to 
the stray capacities mentioned above. 
In such cases, the phase correcting 
network shown in Fig. 4 will elimi
nate this. 

The power provided by the power 
transformer and that dissipated by 
the output tubes in particular is con
siderably larger than in most home 
amplifiers. Consequently, the con
structor must allow for adequate ven
tilation when mounting the unit in 
cabinets, etc. 

If the "B+1" voltage is too high, be
cause of high line voltage, for ex
ample, the 5R4GY tube (Fig. 2) should 
be used in place of the 5U4G. This 
tube may be plugged directly in the 
same socket, since the basing is iden-

Fig. 9. (A) Frequency response at different output levels for Class A operation. and 
(B) the frequency response of the amplifier in Class ABI operation at higher levels. 
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tical, and due to its larger internal 
drop, will give a lower output voltage. 

The performance characteristics of 
this amplifier are illustrated in tabular 
and graphic form in Figs . 6, 8, and 9. 
All of the measurements were made 
with a source resistance of 50,000 
ohms and a non-inductive resistor of 
15 ohms connected to the 15 ohm sec
ondary terminals of the output trans
former . 

Fig. 9A shows the frequency re
sponse at different output levels for 
Class A operation, while Fig. 9B shows 
the response for Class ABI operation 
at higher levels. The response of the 
amplifier with 40 volts bias is essen
tially the same a t low levels as that 
of Fig. 9A. The linearity of the ampli
fi er over the entire power range is 
shown in Fig. 6. 

The low distortion content of this 
amplifier is outstanding. At 8 watts 
(actual measured power dissipated in 
the load resistor, not an "equivalent 
power") the distortion is less than 
one-tenth of one per-cent. Because the 
distortion is so minute, it is necessary 
that several precautions be taken in 
measuring it, in order to insure tha t 
spurious voltages such as noise, hum, 
etc. are not included in the results. 
The author has found that a satisfac
tory procedure is to pass the audio 
generator output through a low-pass 
filter of at least 60 db. attenuation 
and measure the harmonic components 
of the amplifier output with a wave 
analyzer. 

One of the desirable features of 
audio amplifiers is low output imped
ance, and in this respect a negative 
feedback amplifier is unsurpassed. The 
ratio of the load resistance to the 
effective output impedance is called 
the damping factor, since it determines 
the effectiven ess of the amplifier in 
damping vibrations originating in the 
loudspeaker. 

A common value of damping factor 
for beam tubes with feedback or tri
odes without feedback is 3. The damp
ing factor of this amplifier is 27, 
equivalent to an output impedance of 
0.55 ohm at the 15 ohm secondary. 
This ability of the amplifer to damp 
the loudspeaker contributes substan
tially to the "cleanness" of reproduc
tion. 

Another factor contributing to clari
ty in r eproquction is the transient 
response. Because of the ease of 
interpretation involved, transient re
sponse is usually tested by means of 
square waves. The high frequency 
square wave response of the amplifier 
is shown in Fig. 8. In this diagram 
(A) represents the response of the en
tire amplifier to a square wave of 10 
kc. repetition rate. The rapidity with 
which the maximum value is attained, 
i.e., the short rise time, is a graphic 
indication of the extremely small leak
age inductance and stray capacitance 
of the output transformer. For com
parison purposes the high frequency 
square wave r esponse of a poorly de
signed unit is shown in Fig. 8B. 

(Continued on page 166) 
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ELECTRONICS TECHNICIANS 
FOR 

RADAR, COMMUNICATIONS, TELEVISION RECEIVERS 
Needed By 

RCA SERVICE COMPANY, INC. 
A Radio Corporation of America Subsidiary 

For U. S. and Overseas 

REQUIREMENTS: 

• Good Character 

• Training in Installation or Maintenance 
of Radar, Communications or Television 

• Give Full Details of Practical Experience 
Qualified candidates will be interviewed 
Promptly. 

COMPENSATION: 
Up to $7,000.00 0 yeor to stort For Overseos 
Assignment With Periodic Review of Bose Solory 
Thereofter Mode up of-

• Bose Solory 
• Overseos Bonus 
• Actuol Living ond other Expenses 
• Accident, Hospitolizotion, ond Life Insuronce 
• Vocotion ond Holidoy Poy 

Quolified technicions seeking connection with leo ding compony hoving permonent progrom for 
instollotion ond service of militory equipment, AM, FM, TV tronsmitters ond receivers, ond electronic 
devices, such os electron microscopes, mobile ond microwove communicotions, theotre TV, write 
full history to: 

RCA SERVICE COMPANY, INC. 
CAMDEN 2, NEW JERSEY 

RADAR, COMMUNICATIONS 
AND 

SONAR TECHNICIANS 

W-A-N-T-E-D 
For Overseas Assignments 

Technical Qualifications: 
1. At least 3 years practical ex

perience in insta lIation and 
maintenance. 

2. Navy veterans ETM 11c or higher. 
3. Army veterans TECH/SGT or 

higher. 

Personal Qualifications: 
1. Age, over 22-must pass physi

cal examination. 
2. Ability to assume responsibility. 
3. Must stand thorough character 

investigation. 
4. Willing to go overseas for 1 

year. 

Bose poy, Bonus, Living Allowonce, Vocotion 
odd·up to $7,000.00 per yeor. Permonent 
connection with compony possible. 

Apply by Writing to 

D-4, P.O. Box 3575, 
Philadelphia 22, Pa. 

Men quolified in RADAR, COMMUNICATIONS 
or SONAR give complete history. Interview 
will be orronged for successful oppliconts. 
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show you large returns. Requires 
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Feedback Amplifier 
(Continued from page 68) 

The curvature of the leading edge is 
an indication of poorer high frequency 
characteristics. The amplifier's reo 
sponse without feedback may also be 
seen in Fig. 8C. The small oscillations 
on the top of the square wave pattern 
are due to the shock excitation and 
are quite normal. They are of small 
amplitude and very high frequency, 
and have no effect on the amplifier 
performance in the audio range. 

In making square wave tests it is 
essential that a wide range oscillo· 
scope be used, since otherwise the 
waveform seen on the screen will be 
completely different from that enter· 
ing the oscilloscope. Ordinary oscillo· 
scopes are generally quite unsatisfac· 
tory for this purpose, since the 
required flat frequency range is at 
least from 10 cycles to 2 megacycles. 

The low frequency square wave reo 
sponse is shown in Figs. 8D and E. The 
extremely slight tilt in the top of the 
wave is indicative of the large pri· 
mary inductance (150·200 henrys) and 
small phase shift (12 windings inter· 
leaved) of the transformer. 

The amplifier described was designed 
to be a power·amplifier unit of such 
optimum characteristics that improve· 
ments in other components in a com· 
plete system would never make the 
main amplifier the weak link in the 
chain. Consequently, there have been 
no provisions for control functions or 
frequency compensating equipment, 
since these could be more readily 
changed if they were physically sepa· 
rate from the main amplifier. 

In order to make a complete unit 

Fig. 10. Diagram of a commercial equalizer· 
amplifier for a variable reluctance pickup. 

C2 RB 8+: 

R,-18,OOO ohm, % ... Tes. 
R.-150,OOO ohm, '12 ... Tes. 
Ra-680 ohm, '12 ... Tes. 
R.-50,OOO ohm, 1 ... TeS. 

Rr;--30,OOO ohm, 1 ... Tes. 
R.-10 megohm, '12 ... Tes. 
R,--68,OOO ohm, '12 ... Tes. 
R,,-47.000 ohm. 2 ... Te •• 

C,-.02 Iltd., 200 >'. condo 
Cz--20 Iltd., 450 >'. elec. condo 
C,,-.04 Iltd., 200 >'. condo 
C.-.02 Iltd., 400 >'. condo 
C.--.05 Iltd .. 400 >,. condo 
L,-Audio choke, 5 hy. @ 13 mo. (UTe 

HQA.15) 
T,-[nput tTan'. PTi. 50, 1251150, 2001250, 

333. 5001600 ohm., Sec. 50,000 ohms 
(UTC A-ll) (The UTC A.10 may 0/.0 be 
used) 

V ,-12AY7 tube 
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for highest-qu a li ty home listening, the 
following aux ili ary equipment is de
sira ble : 1. Volume Control , 2. Bass 
and trebl e equalization, 3. Reluctance
t ype pickup compensation. 

The fi r st control is readily achieved 
merely by m aking R, a 500,000 ohm 
potentiometer. This is the only con
trol which can be added to the body of 
the amplifi er. Any additional tone 
controls or equa lizing circuits must be 
placed before the amplifier, since if 
inserted internally, they would upset 
the feedback loop. 

An excell ent circuit giving up to 15 
db. boost or cut at either end of the 
spectrum is shown in Fig. 7. When this 
circuit is used before the amplifier, 
the volume control should be R , of the 
equalizer, in order to prevent overload 
of t hat circuit. 

Fig. 10 shows a professional typ e 
equalizer-amplifier for the variable 
reluct ance type pickup. This provides 
not only m ore a ccurate low frequ ency 
compensation, but also a slight h igh 
frequency roll-off to compensate for 
r ecording pre-emphasis. 

Because it combines the desirable 
features of fid elity, simplicity, and 
economy, this amplifier is unusu a lly 
attractive t o the home builder. W ith 
this amplifier in his possession, the 
high fidelity enthusias t m ay be confi
dent t ha t he has a sound design t ha t 
cannot be render ed obsolete by im
provements in program material 
quality. ... 

T'~ IN" BRAZiL 
ON Jllly 30 tIll' Tupi television station 

at Hio de Janei.·o, Brazil, It'ans 
InilLed the first of an annolliwed se"ies 
of fo".· e xp (' rinH,ntal puhlie tc\e(,a s ts . 

The s lto,,' '~aS h"oadea s t f"onl lhe 
st"dio o f Radio Tanloio and viewed 
tlll'ollgh l'cccivers plae{'d in the s tudio 
of Radio TlIpi and at tlte entrances of 
the hllildin:::s housing the res pec tivc 
stations. The fi"st hroadeast was l'C

ported to b e " e ry sueeessful and was 
enthus iast ically rc('cived 1>0 lh hy the 
studio audience s and the largc crowds 
whic h gathe "ed in the stt·eet. 

Regula.' t elec a s ting waS sehcduled to 
h cgit{ wilhin thirty days of thc original 
pt·ogranl. a eeo r ding to the U. S. Em
hassy r eport from Rio. ... 

"It gives better results than my outside 
antenna!" 

* RCA for Top Quality Equipment! * HUDSON for Best Value- Dependable Service! 
Our New Giant Store and Warehouse-3 Great FloorS-features a Complete Line of RCA Equipment • 
Tubes, Batteries, Test Equipment and Parts ••. for Immediate Delivery or Shipment to All Parts of the World! 

RCA WV-97 A SENIOR VOLrOHMYST' 
The WV·97A has a range of usefulness far beyond any other instrument In the 
field! Its quality, dependability, and accuracy make it ideal for TV in design 
laboratory, factory, and service shop. The Senior VoltOhmyst measures dc volt· 
ages in high impedance circuits, even with ac present. It reads rms value of sine 
waves and peak·to·peak values of complete waves or recurrent pulses, even in 
presence of dc. Its electronic ohmmeter has a range of 10 billion to one. Out· 
standing as a TV signal tracer. Includes direct probe and cable, dc probe, ohms 
lead, ground lead. $62 50 

No. A14 .................................................... Net • 

NEW! RCA 51552 15" Duo-Cone . SPEAKER 
The newest development of Dr. H. F. Olson, RCA's renowned speaker authority. 
Delivers 25 watts of high fidelity audio over range of 40·12,000 cycles. Has two 
voice coils, each driving one of the duo·cones, which vibrate as a Single cone, at 
crossover frequencies (around 2,000 cps), avoiding "crossover" interference. 
2 lb. Alnico V magnet. Performance is amazing! 18 Ibs . 

No. A53, RCA 515S2 Speaker ............................... ................... .. ........ Net $48.50 
lICA Model 515S1 is'' Speaker, No. A52 ............... ............. ............ Net $ 35.57 

RCA iElLEYISION COMPONENTS 
All RCA Television Components are "originals," designed with characteristics 
which are correct both electrically and mechanically for the tubes and circuits. 
They are "performance" proved and competively priced! ~ 

RCA INDUSTRIAL TUBES - 'Paba iS~ P-uu I 
RCA's unparalled research facilities, engineering baCkground, and manufacturing 
experience contribute to the quality, dependability, and operatin~ economy of 
EVERY RCA tube you buy. The Quality of RCA tubes is Unquestioned! 

FREEl SEND FOR OUR NEW 1951 CATALOG 
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212 Fulton St., New York 7, N. Y. 
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QUICK and EASY ----
New F.P.C. 

rool loosens old lugs, 
fastens new ones in a jjffy. 

Slim working end gets in past 
other parts. Long reach for 
deepest chassis . Can't slip. 
Lightweight, sturdy. Use it 
with one hand. Pays for itself 
on one tough I $100 
job. Do not on y 
wait-order Postpaid in U.S.A. 
yours coday. No stomps, please 

K. D. Clayson, Box 1 0 3 2, Bethlehem, Pa. 
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