
Hi -Fi 35-Watt Amplifie 

Front of the 35 -watt high fidelity public address amplifier. 

THE primary consideration in the 
design of a PA amplifier for the 
reproduction of music is frequency 
response. It is easier to extend the 

frequency range of an amplifier than it 
is to eliminate the hum and distortion 
that an extended frequency range usu- 
ally reveals. As power is increased the 
problem becomes increasingly difficult. 

Tentative specifications of our pro- 
posed new amplifier were: 

1. Frequency response flat ±1fsdb 
from 50 to 15,000 cycles; 

2. Distortion less than 1 %; 
3. Hum level 62 db down from full 

output; 
4. 18 -db negative feedback; 
Fr. Bass boost and attenuation; 
6. Treble boost and attenuation. 
To be sure of obtaining results ap- 

proaching these specifications, a great 
deal of theoretical work was done before 
construction was started. The design 
considerations as well as the finished 
product may be interesting to readers. 

For low -power applications, low -mu 
triodes operating class A give good re- 
sults and offer no problems in design. 
As power increases, class -A operation 
becomes prohibitively inefficient. To keep 
the power input within reason for power 
(20 to 40 watts output), class -AB1 
operation is necessary. It is also nec- 
essary to use pentode or beam -power 
tubes in the output stage. 

The author describes a good 
amplifier and tells how he 
obtained the design figures 

By H. R. E. JOHNS i ̂N 

The second- harmonic distortion gen- 
erated in class -AB1 operation is easily 
eliminated by connecting the tubes in 
push -pull. Distortion due to imperfect 
voltage regulation is a different matter 
and is more difficult to eliminate. 

The usual procedure for reducing dis- 
tortion when beam -power tubes are used, 
is to apply 10% negative to feedback 
from the plates to the grids. When 10% 
negative feedback applied to 6L6's, dis- 
tortion is reduced by slightly more than 
half, or 6 db. The tube manuals rate 
6L6's operating class AB1 at 2% dis- 
tortion. Theoretically then, 10% nega- 
tive feedback should reduce this dis- 
tortion to less than 1% 

However, the figure of 2% distortion 
is valid only when the tubes are working 
into a pure resistive load and with per- 
fect regulation of all voltages. But under 
actual operating conditions, distortion is 
usually much more than 2 %. 

In the amplifier illustrated, this prob- 
lem of distortion was attacked from both 
ends. First, by increasing the negative 
feedback factor and, second, by improv- 
ing the voltage regulation. Ten percent 
negative feedback over one stage was 
not considered adequate. It was decided 
that the feedback factor must be in- 
creased either by increasing the gain A 
in the feedback loop or the percentage 
of output voltage B fed back. The most 
practical method was to increase A 

by applying negative feedback over 2 
stages instead of one. The factor A 
then becomes A1A2 where Al is the gain 
of the driver stage and A2 the gain of 
the output stage. 

The gain of the driver stage is 9. The 
coupling network (explained later) in- 
troduces a loss of 1/3 or a gain of 2/3, 
and the output stage has a gain of 13. 
The total value of A in AB is 9x2/3x13 
or 78. The negative feedback factor is 
10% or -0.1, and is obtained from a 
separate winding on the output trans- 
former. AB is then 78x( -0.1) = 

and distortion reduction 
1 -AB is a factor by which the per- 

centage of distortion without feedback 
is divided to determine the amount of 
distortion with feedback, and in this case 
is 1- ( -7.8) or 8.8. Assuming that dis- 
tortion within the tube is 3% and dis- 
tortion due to reactance in the load is 
5 %, the total distortion without feed- 
back is 8 %. With negative feedback it 
would then be 8 - =0.91%. 

8.8 

Any hum in the output stage due to 
inadequate filtering is reduced in the 
same proportion: 

hum without feedback 

1 -AB 
hum with feedback. 

Point -to -point wiring is used between stages of the amplifier. 
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The heavy transformers and chokes give good voltage regulation. 
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As a point of interest, the hum level in 
this amplifier is. 38 db down from the 
standard reference level of .006 watt. 

Negative feedback also lowers the 
effective output impedance of an am- 
plifier as shown in the equation: 

Rp 
Effective output impedance = 

1 -µAB 
where: 
Rp is plate resistance of output tube; 
12 is amplification factor of the output 

tube; 
A is the gain between grid of driver and 

grid of output tube without feed- 
back; 

B is the voltage feedback factor. 
The lowered effective output imped- 

ance greatly assists in damping out 
transients in the voice coil. 

When a large amount of negative 
feedback is applied over 2 or more 
stages, oscillation at very low and very 
high frequencies often results due to 
phase shift. The coupling network be- 
tween the driver and output stage was 
designed to prevent this from occurring. 

Another factor to be considered is that 
change in gain with negative feedback 
determines the peak voltage required at 
the grids of the driver tubes for full 
power output. 

The change in gain with negative 
feedback is given by the equation: 

gain without feedback 

1 -AB 
= gain with feedback. 

Since the over -all gain of the driver and 
output stages without feedback is 78 and 
1 -AB is 8.8, the total gain with feedback 
is 8.86. 

The peak grid -to -grid voltage required 
by the driver is equal to the peak output 
voltage divided by 8.86. 
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The r.m.s. plate voltage of each 6L6 
at full output is the square root of 1/2 

power output times 'fi plate -to -plate 
load impedance, or: 

17.5 X 3,300 = 240 volts r.m.s. The 
peak -to -peak output voltage is 240 X 
1.414 X 2 or 679 volts. The voltage re- 
quired by the driver is 76.5 volts peak. 

The amplifier circuit 
The front end of the amplifier is con- 

ventional. There are 4 inputs; 2 high - 
impedance microphone inputs, 1 phono 
input, and 1 radio input. There is a gain 
control for each input and a master gain 
control. The treble boost and attenuation 
circuit is located between the third and 
fourth stages. All single -ended stages 
are isolated from one another and the 
filtering in the decoupling network re- 
duces hum to a very low level. 

The frequency response is flat within 

200K 

8J5 6J5 8J5 
.25 .0015 MICA .1 /600V 

8N7 
0015 MICA .05 

db from 50 to 15,000 cycles. Distor- 
tion is less than 1 %, and the hum level 
is 62 db down from full output. Total 
negative feedback is 18 db. 

The power transformer has 2 high - 
voltage windings. One winding supplies 
plate and screen voltages for the output 
tubes; the other furnishes the plate volt- 
age for the voltage amplifiers. Good 
voltage regulation is obtained by using a 
single- section choke -input filter, with a 
low- resistance choke and a transformer 
with good regulation. Good screen volt- 
age regulation is provided by using 2 
regulator tubes in series across the 
screen lead. Note well the size of the 
components in the illustrations. Plenty 
of iron and copper are necessary for the 
best audio quality. 

Choice of an output transformer is 
important, but is limited to those having 

(Continued on page 75) 
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Fig. 2 -The circuit of the amplifier. The bass and treble tone controls are located between the third and fifth amplifier stages. 
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chair, place your feet on the desk, and 
doze intc a dream of what a nice little 
business you have when suddenly you 
are rudely awakened by the thundering 
calm that has decended on the old place. 
A quick survey shows you that with 
extra floor space, added employees, and 
increased efficiency, the boys are no 
longer dashing around at a mad pace 
but are actually hunting for a job to do. 
It is then up to you to expand your 
business as well. 

Here are a couple of methods we have 
used to good advantage in securing new 
business as well as holding our old cus- 
tomers. Your remodeling or building 
program is news to your community, so 
avail yourself of the free reader public- 
ity that your local paper will carry for 
you if you give them your plans and an 
outline of your expanded service in your 
locality. The following business pro- 
moter has more than paid for itself in 
the three months that we have had it 
in operation. We purchased 14 small 
table model radios of a well -known 
brand and offered a free loan service to 
our customers while their radio is under 
repairs. All of our advertising carries 
the catchy phrase "uninterrupted listen- 
ing pleasure, you may use our radio 
while yours is being repaired." 

Here's how it works. We charged the 
initial cost of these radios to equipment. 
They are not offered for sale, and the 
tag on each radio plainly states this 
fact. However, the basic laws of psy- 
chology tells us that the general public 
wants something they can't have. This 
results in a great number of sales with 
no effort on your part. When one of these 
radios is sold, it is immediately re- 
placed. The profits from this sale are 
placed in an equipment reserve and used 
to maintain these radios. 

HI-FI 35 -WATT 
AMPLIFIER 

(Continued from page 33) 

the special feedback winding. (The 
StancorA -3861 and Thordarson T -17513 
are examples.) It should be rated at 35 
watts at least. Plate -to-plate impedance 
should be 6,600 ohms. 

The amplifier is built on a 12 x 17 x 
3 -inch chassis. Controls from left to 
right are: master gain, No. 1 micro- 
phone gain, No. 2 microphone gain, 
phono gain, radio gain, treble control, 
and bass control. 

Point- to-point wiring is used through- 
out, with all components securely fast- 
ened to the chassis. All controls and in- 
put leads are shielded to keep hum pick- 
up at a minimum. All circuit values 
were carefully calculated and should be 
adhered to if duplicate results are to be 
expected. 

In actual operation, music and speech 
are reproduced with a clarity seldom 
heard in an ordinary public address 
system. 

Readers will note that manufacturers do not 
recommend the use of 6L6's at the ratings given 
in this article, though such ratings have been 
deemed permissible in the past. Cautious con- 
structors might reduce voltages to bring power 
output down to about 25 watts or- possibly even 
better -use 807's in place of the 6L6's. 
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Now - on this one 
amazing instrument. you 
can record and play 
back with unmatched 
fidelity, any sound that 
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complete operas and 
symphonies without record-changing pause. or 
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[NEW, STANDARD BRANDS -QUANTITY PRICES ON REQUEST- MINIMUM ORDER 55.001 

TYPE PRICE TYPE PRICE TYPE PRICE TYPE PRICE TYPE PRICE TYPE 

1851 
2050 
2051 
5514 
7193 
8001 
8005 
8011 
8012 
8016 
8020 
8025 
9001 
90(.2 
9003 
9004 
9005 
9006 
EE50 
/1 E100 
HY75 
HY615 
0Z4 
RK60 
RK72 
T20 
1Z40 
V700 
V R78 
VR90 
VR106 
VRI50 
2225 
902 
2API 
3API 
39P1 
3CP1 
5API 
5gPI 
5BP4 
5CP1 
5FP7 
7ßP7 

7EP4 
7G P4 
10RP4 

10,4 
124P4 

PRICE 

1.25 
.90 
.49 

3.95 
.39 

4.95 
3.25 
2.95 
4.95 
2.49 
5.95 
2.95 

.89 

.49 

.49 

.49 

.49 

.49 

.79 
6.95 
1.25 
1.25 
1.25 

.75 
3.50 
1.95 
2.95 
6.9C 

.75 

.75 
. .75 

.69 
1.95 
2.95 
1.95 
1.95 
1.95 
1.8'1 
2.45 
1.49 
4.95 
3.95 
45C 
2.95 

14.95 
17.9'. 
19.41 
29.9' 
42-2C 
42.2( 
so.oa 

1A3 
IA5 
IA7GT 
1924 
1938 
IG4 
1135 
166 
I H4G 
IL4 
184/1294 
1T4 
IH5 
1N56T 
ILNS 
1135 
155 
2A3 
2C22 
2C264 
2C34 
2C40 
2C44 
2D21 
2E22 
2E25 
2E30 
2132 
2133 
21951 
2X2 
3A4 
3B7 
3922 
3B24 
3D6/1299 
3E29 
304 
305G 
3S4 
4C35 
1E27 257B 
5R493Y 
514 
5 U4 
5V4G 
5W4 
5Y3 
5Y4G 
5Z3 
574 
646 

.98 
.49 

1.10 
2.49 
4.50 

.98 

.44 

.98 
.98 
.89 

1.29 
.58 
.99 

1.10 
1.92 
1.10 
1.10 
1.39 

.69 

.75 

.98 
2.60 
1.75 

.75 
1.50 
3.96 
2.25 

20.00 
20.00 
4.95 

.69 

.49 

.96 
4.95 

.98 

.89 
2.95 
1.10 
.58 
.43 

7.95 
4.95 
1.15 
1.25 
.44 
.98 
.98 
.60 
.59 
.89 
.89 
.75 

SAGS 
6A67 
64 KS 
BALS 
64135 
BATE 
64 U8 
694 
686G 
6138 
6BG8 
6C4 
6C5 
6C6 
6C21 
6D4 
696 
6F4 
6F5 
6F6 
6F60 
6F7 
6F8 
6G6 
6H6 
614 
615 
616 
617 
6K8 
6K7 
6KB 
6L6 
6L6G 
6L7 
6N7 
6Q5 
605G 
607 
687 
6547 
6SC7 
66F5 
6s 67 
6SH7 
6517G 
6SK7 
6S L7 
6SN7GT 
6507 
6587 
6SS7 

.99 

.99 
AM 
.99 
.98 
.75 
.89 

1.29 
.89 
.99 

3.48 
.94 
.51 
.75 

12.95 
.89 
.75 

1.35 
.51 
.79 
.80 
.96 

1.10 
1.10 
.49 

1.50 
.49 
.49 
.89 
.49 
.59 

1.25 
1.25 
1.20 
.98 
.89 
.98 
.98 
.89 
.98 
.90 
.85 
.79 
.79 
.39 
.69 
.79 
.89 
.69 
.89 
.89 
.75 

WS 
6V68T 
8Y6G 
6X4 
6X5 
74E7 
7B7 
7C4 
7C5 
7F7 
7L7GT 
10Y 
12M 
12AH7 
12478 
128Á6 
129E6 
12C8 
12H8 
1215 
12K8 
12SA7GT 
128G7 
12SH7 
12517 
128K7 
128L7 
I2SN7GT 
12SQ7GT 
12587 
12%3 
14A7 
1487 
14H7 
1117 
1497 
15E 
23134 
2306 
24G 
25A6GT 
25L6GT 
25Z5 
2526 
28D7 
30 
321.7 
34 
35L6GT 
35Y4 
35W4 
3523 

.98 
.99 
.89 
.98 
.89 
.75 
.69 

1.50 
.89 

1.25 
1.39 
.69 
.89 

1.10 
1.10 
.89 
.89 
.89 
.44 
.69 

1.25 
.99 
.89 
.89 
.79 
.69 

1.10 
.79 
.99 
.79 
.98 

1.10 
1.10 
1.25 
1.25 
1.10 
1.50 
.49 
.98 
.69 
.75 
.75 
.75 
.90 
.75 
/° 

1.50 
,g8 
.75 

1.10 
.69 
.99 

3SZ5 
36 
37 
38 
39/44 
41 
45 
47 
50B5 
50L6GT 
701-2 
71A 
75 
75T 
77 
78 
79 
80 
82 
83V 
84 
85 
IOOTS 
1171-7 
11723 
11728GT 
121A 
205B 
211 
215A 
217C 
250TH 
3047L 
307A 
316 
371A 
3718 
394A 
4174 
446A 
450TH 
703A 
705A 
713A 
7156 
7174 717A 
721 
7234A 8 
725A 
800 
801A 

.69 
1.10 

.69 

.89 

.59 

.69 

.64 

.90 

.89 

.75 

.89 

.69 

.69 
2.39 

.75 

.75 
1.10 

.53 

.98 

.89 
.75 
.89 

3.00 
1.89 

.89 
1.10 
2.65 
4.50 

.98 
3.00 
7.50 

12.95 
2.49 
6.25 
.89 

1.39 
3.00 
4.50 

19.95 
1.25 

12.95 
7.50 
1.85 
1.65 
4.95 

.69 .69 
3.95 
5.511 

12.50 
2.25 
1.10 

802;RK25 
803 
804 
BD5 
807 
808 
809 
810 
811 
812 
81211 
813 
814 
815 
826 
829A/B 
830B 
832A 
833A 
836 
837 
838 
841 ... 
845 
860 
861 
866A 
872A 
874 
884 
923 
954 
955 
956 
957 
958A 
959 
991 
1005 
1000 
1613 
1614 
1616 
1619 
1622 
1624 
1625 
1626 
1629 
1631 
1641i13K60 

1.49 
8.95 
6.75 
3.75 
1.25 
2.95 
1.50 
5.95 
1.95 
3.15 
090 
5.95 
4.39 
2.25 
1.75 
2.95 
5.25 
2.25 

34.50 
1.15 
2.50 
3.75 
69 

3.75 
3.00 

50.00 
.75 

1.95 
1.95 
.75 
.49 
.49 
.49 
.75 
.49 
.49 
.49 
.50 
.39 
.39 

1.75 
1.39 

.98 
1.75 

.98 

.49 
44 

1.49 
.79 
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