
Build this super-deluxe 36 watter and say good-by to 

power-amplifier troubles for years and years and years ... 

Perfectionist's 

Power Amplifier 
by BEN Z ALE 

THERE is nothing quite like the 
quality of excitement generated by 

a new power amplifier. Others may talk 
of preamplifiers, speakers, enclosures, or 
what-have-you. But start discussing a 
new and improved power-amplifier cir-
cuit, and the ears of the true audiophile 
prick up, a fever flashes like lightning 
through his mind, and he is on his way 
to the parts distributor for the necessary 
components. 
I experienced the same reaction re-

cently when I came across a booklet' in 
which the Mullard 520 power-amplifier 
circuit is described. The specs of the new 
circuit were extremely impressive: 36 

Fig. 1. This is the perfectionist's dream 
amplifier described by Mr. 

watts power output from 30 to 20,000 
cps; frequency response within I db 
from 20 to 20,000 cps at 36 watts; IM 
distortion, using 40 and 10,000 cps in a 
4:1 ratio, a low 0.8% at 36 watts; hum 
and noise 89 db below 36 watts; and a 
damping factor of 50. 

For me, however, the most exciting 
specification of all was the sensitivity: 
only 0.3-volt input for a full 36-watt 
power output! This extremely high sen-
sitivity meant that the power amplifier, 
in normal use, would be driven at a tiny 
fraction of a volt. The reduction in the 
amount of drive signal needed for the 
power amplifier would enable me to use 

come true—our model of the power 
Zale, built solely from data contained in the article. 

my preamplifier at much lower operating 
levels, where distortion would be signifi-
cantly diminished. 

Aside from its excellent specifications, 
the circuit itself seemed simple and in-
viting from every point of view. It con-
sists of a low-noise, high-µ pentode as 
a voltage amplifier feeding a dual-triode 
phase-inverter driver, which in turn 
drives two of the new EL34 power pen-
todes in an Ultra-Linear configuration.' 
Fig. 1 shows the completed amplifier, 
and Fig. 2 the under-chassis view. 
I had already used the internally 

shielded EF86 miniature-pentode voltage 
amplifier in my preamplifier circuit, and 
found it to be extremely low in noise 
and lacking in microphonics. Its high 
gain, combined with the low noise figure, 
made it an excellent choice for the volt-
age amplifier in the Mullard 520 circuit. 
The cathode-coupled phase inverter 

(or long-tailed pair, as it is also called) 
made use of the ECC83, a dual triode 
corresponding to the 12AX7 but with 
guaranteed low noise and microphonics. 
The virtue of this phase inverter is its 
extreme simplicity of construction com-
bined with its fine balancing qualities in 
supplying push-pull signals to the output 
tubes.' 

EL34 (or 6CA7) power pentodes, 
now appearing in many new commer-
cially manufactured amplifiers, are small 
and sturdy and are capable of delivering 
up to 100 watts in push-pull with 800 
volts on the plates. This indicated opera-
tion well within maximum ratings in an 
Ultra-Linear circuit with only 440 volts 
on the plates and a 36-watt power out-
put. It also suggested very low distor-
tion. 
The power supply (Fig. 3) was 

simple and straightforward as could be, 
consisting of a 200-ma transformer oper-
ating into a capacitor-input filter system, 
from which emerged 440 volts for the 
plates of the EL34 output tubes. Two 
decoupling stages followed, supplying 
power for the EF86 and ECC83 tubes. 
In essence, the same power supply as 
that in my UTC Williamson-type ampli-
fier could have been used. Since the 
EL34's required about 40 ma more cur-

1W . A. Ferguson, "Design for a 20-Wart High 
Quality Amplifier," High Quality Sound Reproduc-
tion (booklet of articles reprinted from Wireless 
World), Mullard Lrd., London, England. Avail-
able in the USA from International Electronics 
Corp., New York, N.Y. Also see: E. J. Porto, 
"High Fidelity Performance with Mu!lard's 520 
Circuit." Radio & Television News, LV (Apr. 
1956), pp. 66-68, 139. 
"Herbert I. Keroes, Theory and Operation of the 
Ultra-Linear Circuit, monograph available from 
Keroes Enterprises, Philadelphia, Pa. 
"Joseph Marshall, "The Grounded Ear", AUDIO-
CRAFT, I (Nov. 1955), p. 10. See also: Norman 
H. Crowhurst, "Designing Your Own Amplifier," 
AUDIOCRAFT, I (May 1956), pp. 21-23, 40-41. 



Fig. 2. View inside amplifier chassis. 
Note symmetrical layout of components. 

rent than KT66's, I switched to GZ34's 
in parallel, instead of a single 5V4G. 
The GZ34 is a bantam-type tube rated 
at 250 ma. A pair of these would pro-
vide lower internal impedance in the 
power supply, although one is actually 
sufficient. 

Component Selection 

An analysis of the parts list was the next 
step. 

All resistors, except for a pair of wire-
wounds in the cathode legs of the output 
tubes, were rated at 1/2  watt or less. Two 
pairs of resistors were matched within 
5%, and the feedback resistor was 
limited to a 5% tolerance. For most 
purposes 1/2 -watt, ±10% carbon re-

sistors, except for the matched pairs, 
would be satisfactory. Building pream-
plifiers, oscillators, and other equipment 
has taught me that 1-watt resistors prove 
to be a good deal more satisfactory than 
1/2 -watt units, and that even better than 
1-watt molded carbon resistors are the 
high-stability, low-noise, deposited-car-
bon resistors which, in addition, are 
supplied in 1% tolerances. 

Deposited-carbon resistors have a 
number of decided advantages over or-
dinary molded or compound resistors. 
For audio purposes, the main advantages 
are greater stability and low noise 
ratings. Greater stability means less shift 
of value, as time goes by, in bias, feed-
back, and other networks; sometimes a 
shift of some 10% in value can cause 
deterioration in an amplifier's specifica-
tions. In cases of marginally stable cir-
cuits, oscillation, noise, and other types 
of deterioration might arise after an am-
plifier has been used for a while. And 
I wanted an amplifier that I could de-
pend on to stay in peak condition year 
after year. 
An improvement of 6 db in noise 

level over the compound carbon resistor 
is general with the deposited-carbon re-
sistor. And when such resistors are used 
throughout an amplifier, as one author 
reports,' the noise figure is so low that it 
is impossible to reduce it further except 
with the development of new and better 
tubes for the input portion of the ampli-
fier! 

Combining the use of deposited-car-
bon resistors throughout the amplifier 
with the inherently low noise of the 
EF86 input tube (less than 5 micro-
volts total noise in terms of input to the 
grid, according to the manufacturer), 
seemed to present the most feasible ap-
proach to high and reliable quality. The 

,L. B. Keim, "The Deposited Carbon Resistor: An 
Essential Component of Good Audio Design Prac-
tice," Journal ot the Audio Engineering Society. I 
(Jan. 1953) • 

Fig. 3. Power-supply chassis. Unused 
transformer leads appear near bottom. 

only drawback appeared to be the addi-
tional expense involved in the cost of the 
deposited-carbon resistors. A little arith-
metic, however, showed that the exact 
difference in cost amounted to only 
$4.60. I settled for the deposited-carbon 
units. 
The Mu!lard 520 circuit calls for two 

3-watt 470-ohm wire-wound resistors in 
the cathode legs of the EL34's (Fig. 4). 
The closest values commercially available 

Fig. 4. Schematic diagram of the perfectionist's amplifier. Points A, B, and C (near center) indicate connections to balancing pot. 
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are 5-watt units with 450-ohm ratings. 
But 5-watt wire-wound adjustable re-
sistors of 500 ohms can be used to pro-
vide the exact 470-ohm value needed. 
The adjustment is made with an ohm-
meter, thus providing a 1% tolerance 
range for all resistors in the circuit. 

Coupling capacitors between the phase 
inverter and the power output tubes, in 
a push-pull circuit, should be matched if 
best results at the low end are to be 
obtained.' Two of the proper value were 
selected, using a capacitance bridge, for 
use in the circuit. The other capacitors 
in the circuit included two ceramic types, 
two molded-paper types and a number 
of electrolytics. Instead of the 8-µfd 
electrolytics called for in the parts list 
for decoupling, two 40-µfd units were 
chosen, because use of the larger units 
helps to increase the margin of stability 
of a feedback amplifier.' The filters used 
on either side of the filter choke are oil-
filled units rated for a lifetime of use. 
The oil-filled input capacitor is to be pre-
ferred for a smoother ripple and the 
ability to withstand high peak starting 
voltages when the amplifier is switched 
on. Swift surges of starting current often 
wreak havoc with ordinary electrolytics 
when power supplies are operated at 
high voltages. 

Finally, I came to the most important 
component consideration in the entire 
amplifier: my choice of output trans-
former. Here, the author of the article 
describing the Mullard 520 circuit was 
quite explicit on the need of a first-class 
unit: "The use of distributed load con-
ditions does not modify the essential fea-
tures of a first-class component — on the 
contrary, the output transformer may be 
a more critical component, since precise 
balance of primary windings must be 
maintained."' Williamson also sees this 

&Milton S. Kiver, "How to Improve Your Hi-Fi 

1955). pp. 50-51, 128. 
°M. V. Kiebert, "The 'Williamson Type' Amplifier 
Brought Up To Date," Audio Engineering. XXXVI 8D T. N. Williamson and P. J. Walker, "Amplifiers 
(Aug. 1952). PP. 18-19. 35-36. and Superlatives," Wireless World, LVII (Sept. 
7Ferguson, op. cit. 1952). PP. 357-361. 

Amplifier," Radio e5 Television «vs, LIV (Sept. 

Fig. 5. Mounting guide for amplifier chassis; 

component as a source of potential diffi-
culty: "The constructor with limited fa-
cilities cannot be too strongly advised to 
keep to proved circuits which are in-
herently trouble-free. In particular, he 
should keep to designs requiring the 
minimum number of coupled circuits in 
the output transformer, since the possi-
bility of pitfalls is greatest in this com-
ponent and increases rapidly with the 
number of windings when all these must 
be closely coupled."' 

It seemed quite clear at this point that 
only a reputable output transformer of 
the highest quality should be considered 
if the performance detailed in the speci-
fications were to be obtained. The Acro-
sound TO-300 output transformer was 
chosen because the Mullard 520 is a 
tapped-screen circuit, and it seemed quite 
logical to suppose that the company 
responsible for the Ultra-Linear circuit 
and Ultra-Linear output transformer 
would produce an ideal component for 
this type of service. The unit itself is 
compact, makes use of grain-oriented 

Fig. 6. Guide for mounting power-supply components. We used 17-inch chassis base. 

dimensions are expressed in inches. 

steel, and features a guarantee that AC 
primary balance is 1% or better. 

Parts List 
Resistors 

2 1-megohm, 1/2 -watt 
1 4,700-ohm, 1/2 -watt 
3 2,200-ohm, 1/2 -watt 
1 100-ohm, 1/2 -watt 
1 100,000-ohm, 1/2 -watt 
1 390,000-ohm, 1/2 -watt 
1 82,000-ohm, 1/2 -watt 
1 270,000-ohm, 1/2 -watt 
2 180,000-ohm, 1/2 -watt (matched) 
2 470,000-ohm, 1/2 -watt (matched) 
2 470-ohm. Use 500-ohm 5-watt ad-

justable wire-wounds (see text) 
1 680-ohm, 1/2 -watt 
1 7,500-ohm, 1/2 -watt (critical value) 
2 100,000-ohm, 1-watt 
1 10,000-ohm, 1-watt 
1 100-ohm wire-wound potentiometer 
1 18,000-ohm, 1/2 -watt 

Capacitors 

1 .05-µfd, 400-volt 
1 50-pfd, 12-volt electrolytic 
1 0.25-µfd, 400-volt 
2 40-µfd, 500-volt electrolytic 
2 0.5-µfd, 400-volt (matched) 
1 160-µµfd ceramic ( for 16-ohm 

load) 
2 50-µfd, 50-volt electrolytic 
2 8-µfd, oil-filled, 600 working volts 
1 0.1-µfd, 400-volt 
2 0.1-µfd, 600-volt 
1 1.5- to 7-µµfd trimmer 

Other Parts 

1 choke, 12 henries at 250 ma, UTC 
CG-102 or equivalent 

1 choke, 75 henries at 50 ma, UTC 
CG-48C or equivalent 

2 3-amp, slo-blo fuses 
1 1/4 -amp fuse 
1 DPST switch 
1 power transformer, 440 volts at 200 

ma, UTC H-86 or equivalent 
1 output transformer, 6,600 ohms 

plate-to-plate, 4-8-16-ohm secondary, 
Acrosound TO-300 or equivalent 



1 EF86 tube 
1 ECC83 tube 
2 EL34 (matched pair) 
1 GZ34 tube 
1 Amphenol type 80-PC2F input con-

nector (another type if preferred) 
Chassis, hardware, sockets 

Construction 
So much for choice of components. The 
rest was construction and care, to make 
sure that a top-drawer choice of com-
ponents would not be rendered worthless 
by slipshod layout or craftsmanship. 

It is good practice to avoid unneces-
sary difficulties in amplifier construction. 
A common annoyance in placing every-
thing on a single chassis, including the 
power supply, is the danger of hum con-
tamination. It's just as easy to use a 
separate chassis for the power supply, 
and to build the amplifier part of the 
circuit on another chassis. Two chassis 
are used, therefore, in this version of the 
amplifier. Placement photos are repro-
duced in Figs. 5 and 6. 
The classical, professional approach is 

to lay out the circuit in a line, from 
one end of the chassis to the other, using 
a heavy ground bus connected to the 
chassis only at the input end, and with all 
circuit grounds connected to the bus in 
ascending order. The best approach in 
this case is the familiar T-formation, used 
by Sarser and Sprinkle in the layout of 
the "Musician's Amplifier:" 

Wiring is point-to-point, with leads, 
especially plate and grid leads, kept as 
short as practicable. Wiring and parts 
layout are made as physically symmetri-
cal as possible, in order to maintain cir-
cuit balance at the high end." 

The power supply chassis is laid out 
conveniently, since placement of parts is 
not critical. 

In working with deposited-carbon re-
sistors, it is wise to apply a minimum of 
heat to leads during soldering, since ex-
cessive heat will cause resistors of this 
type to change value. An excellent 
method of handling this problem is to 
attach some heat-conducting vehicle be-
tween the body of the resistor and the 
point where the resistor lead is being 

'David Sarser and Melvin C. Sprinkle, "Musician's 
Amplifier," Audio Engineering, XXXIII, (Nov. 
1949), pp. 11-13, 53-55. Se also: Glen South-
worth, "Chassis Layout and Wiring," AUDIOCRAFT, 
I (Dec. 1955). pp. 21-23. 43. . 
wKiver, op. cit. - 

Fig. 8. Curve showing intermodulation 
distortion with respect to power output. 
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Fig. 7. "Glitch" circuit as used on 
original amplifier built by Mr. Zale. 

soldered. The best tool I've yet come 
across for this purpose is one used by 
surgeons during operations, a surgical 
pliers called a hemostat. Alternatively, 
you can use alligator clips, needle-nose 
pliers, or any other handy device. 

Use good-quality mica-filled sockets 
for best results. While RCA-type phono 
input sockets might be used, I prefer 
microphone connectors, since they are 
stronger and will not come apart, and 
make a better permanent connection. 
A number of circuit changes were 

made on the recommendation of Herbert 
L. Keroes, of Acro Products Company. 
The changes were designed to optimize 
circuit values for this transformer, since 
the original circuit, as described in the 
Mullard booklet, made use of a Partridge 
output transformer. 

It is true, in general, that the use of 
different output transformers will require 
the use of different types of networks or 
values of compensating resistors and 
capacitors for maximum stability and 
best transient response. This is because 
the frequency and phase characteristics of 
the circuit and transformer must be ad-
justed to complement each other for op-
timum results. The type of compensa-
tion worked out for this circuit, while 
somewhat unorthodox, produced excel-
lent results, as seen in the oscillograms 
of square-wave response. There is very 
little overshoot and practically critical 
damping of the flat top of the wave. 
Moreover, the amplifier is stable on open 
and short-circuit output and over a wide 
range of capacitive loads, making it per-
fectly suitable for use with the new 
electrostatic speakers if desired. 

The original circuit had a phase-shift 
network consisting of a 47-µefd disc 
ceramic capacitor in series with a 4,700-
ohm resistor strapped across the 100,-
000-ohm plate resistor of the EF86 
tube. This circuit was eliminated in 
favor of a "glitch" circuit, made up of a 
very small capacitor in series with an 
18,000-ohm resistor connected to the 
EF86 plate and one output tube plate, 

the one to which the blue lead of the 
output transformer is connected. This 
capacitor may be a standard 1.5- to 7-
pefd trimmer set for best square-wave 
response, which should occur about mid-
way in the range. A less easily dupli-
cated, but equally effective capacitor was 
built into the amplifier described by 
paralleling within a spaghetti sheath 
about 1/2  in. of insulated hookup wire 
adjacent to the blue transformer lead 
(see Fig. 7 for detail). 
The capacitor-resistor combination 

rolls off high-frequency response above 
60 Kc gradually and smoothly. This ap-
proach is to be preferred, according to 
Mr. Keroes, over the more usual one of 
striving for a maximum flat bandwidth 
of 100 Kc and better, which usually re-
sults in a sharp cutoff at the upper end. 
In such an amplifier, there is generally 
less stability and considerable ringing on 
high-frequency square-waves. 

Splitting the feed-back resistor into 
two sections (the original Mullard 520 
circuit calls for a single 8,200-ohm resis-
tor), with one section bridged by a com-
pensating capacitor, contributed to im-
proved stability. The 1,000-ohm stabi-
lizing resistors connected in series with 
the output tube screens in the original 
circuit are not required with the TO-300 
and were eliminated, since they would 
serve no useful purpose and would limit 
output power. 
The capacitor used to bridge the feed-

back resistor in the original circuit was 
a 220-/,pfd unit. Recommended change 
is to 160 i.tp,fd across the 7,500-ohm 
feed-back resistor only. 

Here are the specifications I obtained 
for this version of the circuit: power out-
put at 20 cps was 32 watts clean, with 
overload at 36.8 watts. This is notable 
in view of the fact that the Acrosound 
TO-300 is rated at 20 watts at 20 cps, 
and attests to the conservative specifica-
tions for this item. Clean power output 
at 1 Kc was 38.5 watts; at 20 Kc, 32.3 
watts. 

Frequency response was flat from 20 
to 20,000 cps, being down 1/2  db at 20 
Kc, 3/4 db at 50 Kc, 1 db at 60 Kc, 6 db 
at 100 Kc, and 10 db at 200 Kc, all at 
36 watts. The rolloff at the high end was 
clean and gradual. Square-wave re-
sponse was excellent even at 20 Kc, with 

Continued on page 46 

Fig. 9. Power response (top curve) and 
frequency response of model built here. 
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Continued from page 19 

a practical minimum of high-frequency 
ripple. 
Hum and noise measured 85 db below 

36 watts. Changing the input tube to 
another EF86 improved this figure to 
86.5 db below 36 watts. (This was be-
fore the installation of the hum bal-
ancing network including positive bias, 
with which the hum and noise level has 
been further improved to measure more 
than 90 db down at 36 watts.) The 
British version measured 89 db below 36 
watts. It was felt that an optimum 
choice, by selection of input tube, would 
have given an even better figure. Also, 
the line voltage, during measurement, 
tended to «run low, thereby reducing my 
figures somewhat. At any rate, my 
measurements equalled those of the orig-
inal version. 

Intermodulation using 60 and 3,000 
cps in 4:1 ratio, was 0.55% at 34.5 
watts and 0.75% at 35.4 watts. With 
60 and 7,000 cps, IM read 0.8% at 36.3 
watts, which was somewhat better than 
the original version. Sensitivity was 
measured at 300 millivolts input for full 
36-watt power output, and the damping 
factor was measured at better than 50. 
A higher line voltage at the time the 

measurements were taken might have 
served to improve the figures significant-
ly. As it is, they justified the assertions 
of the designers of the Mullard 520 cir-
cuit completely. Such differences as did 
occur were more than likely the result of 
differences in test equipment and meas-
urement setups, and line voltage at time 
of testing. A more carefully matched 
pair of output tubes would also have 
provided improved IM figures. 
The changes that have been made in 

this version of the Mullard circuit are 
small, but in my opinion are important 
and fully justified. In stability and 
square-wave response I believe the am-
plifier equals or exceeds the perfomance 
of anything available at this date. I 
would like to express my sincere thanks 
to Herbert I. Keroes, of the Acro Prod-
ucts Company, for his many suggestions 
and his personal interest and help; and 
to E. J. Porto, International Electronics 
Corporation, for his kindness in review-
ing this article and for clarification of 
points of material interest. 

AUDIOCRAFT Test Results 
We encountered very little difficulty in 
building our unit. We followed Mr. 
Zale's instructions closely, and found that 
they are comprehensive and complete in 
almost every detail. For the sake of 
building ease we chose to order the 17-
inch chassis base for the power supply, 
and heartily recommend this approach to 
anyone for whom space is not a problem. 
We used an electric hand drill for 

pilot holes for our chassis punches, and 
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!MONA CORPORATION 
(Electronic Division) 

551 Fifth Ave., Dept. 30, New York 17, N. Y. 
In Canada: Astral Electric Co. Ltd. 

44 Danforth Road. Toronto 13 

AR:c. 
QUOTATION 

from 
Z'ke Audio League Report* 
"We are now using the AR-1W as our reference 
speaker. 

"As a result of extensive listening and labora-
tory tests, we are of the opinion that the AR-1W 
is one of the outstanding low-frequency repro-
ducers available to-day. It may well be the most 
outstanding. At any rate, we do not specifically 
knoW of any other speaker system which is truly 
comparable to it from the standpoint of extended 
low frequency response, flatness of response, 
add most of all, low distortion." 

*Authorized quotation 31:55. For the corn. 
plate technical and subjective report on 
the AR•I consult Vol. 1, No. II of the 
independent consumer periodical THE 
AUDIO LEAGUE REPORT, Mount Vernon, 
N. Y. 

Prices for Acoustic Research speaker systems. 

complete with cabinets, (AR-1 and AR-21 are 

$89.00 to $194.00 Size is "bookshelf." Litera-

ture is available from your local sound equip-
ment dealer, or on request from: 

ACOUSTIC RESEARCH, INC. 
24 Thorndik• St.. Cambridge 41, Mass. 

for screw mounting holes. Every com-
ponent of the amplifier can be mounted 
with round holes - even the trans-
formers and oil-filled capacitors - which 
makes the mechanical construction ex-
tremely simple. 
We did not choose to follow Mr. 

Zale's method of making the "glitch" 
circuit since we felt the average home 
constructor could more readily duplicate 
results by using the 1.5- to 7-micro-
microfarad trimmer capacitor. To mount 
our trimmer, we enlarged the hole in a 
mounting lug to accommodate the ad-
justment screw, attached the trimmer, and 
mounted the lug on the side of the 
chassis so that the screw would be acces-
sible from underneath the chassis for 
adjustment. Nor did we use a pair of 
GZ34's in the power supply, since one 
is more than adequate. 
We also added a 100-ohm potenti-

ometer between the cathodes of the out-
put tubes (Points A and C, Fig. 4) and 
connected the arm to ground (Point B, 
Fig. 4), readjusting the cathode resistors 
to 420 ohms each. Although precise ad-
justment of the 500-ohm adjustable re-
sistors for minimum distortion can 
achieve the same effect, the job is tricky, 
since tightening the adjustment screm 
without changing its position (and thus 
its resistance) is difficult. The potenti-
ometer makes precise balancing simple, 

because it can be adjusted easily while 
the amplifier is in operation, while test-
ing for current balance or minimum IM 
When assembly was completed it was 

necessary to balance the output stage and 
adjust the filament balance for minimum 
hum. To guarantee the validity of our 
test results, we used the amplifier in our 
own system for a while before checking 
its performance. 
When checks finally were made, the 

results proved the durability of Mr. 
Zale's design. The use of low-noise re-
sistors throughout the circuit, and the 
extreme filtering in the power supply, 
produced a signal-to-noise ratio in our 
unit of 93 db! 

Just as fine were the figures for inter-
modulation distortion, Fig. 8. Using 60 
and 6,000 cps in a four-to-one ratio, our 
unit measured below the residual of the 
meter up to about 15 watts, rose slowly 
to 0.5% at 35 watts, and reached the 

Continued on next page 

4. 

10. 

GIBSON GIRO) TAPE SPLICERS 
I. Semi-Pro SP-4 $ 3.50 
2. Junior TS-4JR 6.50 
3. Standard TS-4STD 8.50 
4. De luxe TS-4DLX 11.50 
5. Industrial (5 sizes to I") (net) 55.00 
ROBINS PHONO AND TAPE ACCESSORIES 

6. Splicing tape ST-SCO $ .39 
7. Jockey Cloth for Tapes JCT-2 1.00 
8. Tape Threader TN .98 
9. AUD-O-FILE AF-50 (net) 23.99 
O. Changer Covers CC-I, 2 2.00 
I. Turntable Covers CC-3 2.50 
2. DisClosures EIO, 12 (pkg) 1.20 
3. Jockey Cloth for Records JC-I 1.00 
4. KleeNeeDLE, N8-1 1.50 
S. Phono-Cushion, 10'', 12" PC-10, 12 1.50 
6 Atomic Jewel SE-90 5.00 

At Dealers Everywhere ei ROBINS INDUSTRIES CORP. 

MAGNETIC TAPE ERASER 

Erases recorded signals and noise from magnetic tape without 
rewinding. Spindle mounting of reel permits rapid coverage 
without missed spots. Noise level reduced below level of 
standard erase heads. Restores tape to like new condition or 
better. Reel size range 5", 7", 101/2 ". May also be used for 
demagnetizing record-playback-erase heads. 

Model HD-11 Price 

For transcribing telephone conversations with 
recorder or making messages audible on amplifier. 
May also be used as probe for locating sources 
of hum. More constant signal level than base 
mounted units. Suction-cup mounting on any 
telephone receiver. Supplied with 68" 
shielded cable, terminated with standard 
phone plug for recorder or amplifer. 

Model HP-61 

Price 
$7413 

MATCHING TRANSFORMER 
A precision transformer developed to enable the audiophile to 
modify, enlarge, redesign, or rearrange his speaker systems. 
Permits use of additional speakers of different impedance 
ratings with present amplifier, or crossover net-
works, without impedance mismatch. Delivers 
equal, or 3 db. adjustable power, to all speakers. 
Power 50 watts, 100 watts peak. Frequency 
response 15 to 30,000 cycles. Matching range: 
any combination of 1 to 3 speakers of 16, 8, 4 U. 

Model HM-80 Price $21 75 

II 
Available from Electronic and Audio Distributors 

[MC11011311E1 
Valley Stream, L. 1., N. Y. 

COMPANY 
Inc. 
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for everything in hi-fi 
GET THE MONEY-SAVING 1958 

ALLIED CATALOG 

featuring the 
world's largest 
stocks of systems 
& components 

I iere's your complete iiiuney-saving guide 
to Hi-Fi. Own a fine custom quality Hi-Fi' 
music system at no more than the cost of 
an ordinary phonograph. See dozens of 
ALLIED-Recommended complete Hi-Fi sys-
tems, plus the world's largest selection of 
components (amplifiers, tuners, changers, 
speakers, enclosures and accessories). 
Want to build-your-own?--see our exclu-
sive Hi-Fi KNIGHT-KITS. For everything in 
Hi-Fi—for everything in Electronics, gel 
the FREE 1958 ALLIED Catalog. 

ALLIED RADIO 
AMERICA'S 
HI-FI CENTER 

ALLIED RADIO CORP. Dept. 89-A8 

100 N. Western Ave., Chicago 80,111. 

CI Send FREE 1958 ALLIED Catalog 

Name  
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ICity Zone State 

POWER AMPLIFIER 

Continued from preceding page 

1% point at 38 watts. These figures 
follow very closely those obtained by 
Mr. Zale, further confirming the reli-
ability of the circuit when 1% com-
ponents are used. 

Although our unit did appear to roll 
off beyond 20,000 cps a bit faster than 
Mr. Zale's, Fig. 9, we attributed this fact 
to stray wiring capacitances introduced 
by the slight changes we made in parts 
placement and component layout. The 
differences are minute, and do not de-
grade the audible performance of the 
amplifier in the slightest. 

Low-frequency stability was excellent, 
and high-frequency square waves closely 
approximated those photographed by Mr. 
Zale, ( Figs. 10, 11, and 12 ). 

Although this is a rather expensive 
amplifier (it cost us about $110 to 

Pg. so. Response to 30-cps square wave. 

Fig. ix. Response to 3-kc square wave. 

Fig. r2. Response to ii-kc square wave. 

build), the extra cost has gone into 
tried-and-true, work-horse parts which 
should retain their efficiency over a great 
many years. The amplifier is indeed a 
perfectionist's dream and one which we 
can recommend without reserve. 
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