
Another Power Amplifier!
R. A. GREINER*

Here’s an amplifier that will loaf through the task of providing music through
out the house— and outdoors too. Also the distortion is extremely low.

Th e  readers f ir s t  r ea c tio n  to this 
article oil power amplifiers might very 
well be, as the title indicates, “An

other power amplifier 1” Still there are 
worth-while and interesting things to 
talk about with respect to vacuum-tube 
amplifiers. The amplifier described here 
and some of the design problems are 
just a bit unusual. In the first place, this 
is a very high-power amplifier in terms 
of the power levels which are usually 
used in high-fidelity systems. The ampli
fier itself is a relatively straightforward 
combination of well-tested audio circuits 
which have been presented in the litera
ture over the years by various authors. 
This might well be the last of the vac
uum-tube amplifiers as far as this writer 
is concerned. Perhaps a brief explana
tion of that last statement is in order.

For many years now it has been rela
tively easy to build essentially distor
tionless power amplifiers in the 50 or 
even 100-watt size. The only challenge 
has been to do it with fewer tubes, at 
smaller cost, and in the smallest possible 
space. It would seem that the next logi
cal step would he to completely tran
sistorize the power amplifier and thus 
make it even smaller and presumably 
more reliable. I t  is certainly a worth
while goal—but it is also very difficult. 
In fact, at the present state of the tran
sistor art it is very expensive to make 
relatively high-powered amplifiers with 
■wide frequency response and low dis
tortion.

In the case of the amplifier to he 
considered here, it was felt that the 
vacuum tube could be used with standard 
components to give the required design 
characteristics in the quickest time and 
with the least amount of effort. There 
was need for an amplifier which would 
deliver 100 to 150 watts under continu
ous duty sinusoidal output over the en
tire range from 20 eps to 20,000 eps. 
This requirement plus the inherent chal
lenge presented by designing and con
structing a really good high-power am
plifier are the primary reasons for the 
existence of the amplifier design and 
design discussion which follows.

The final specifications which were set 
down for the amplifier are summarized 
as follows: Power output 120 watts
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continuous duty, frequency range 20 eps 
to 20,000 cps, 200 watts for short periods 
(5 minutes at a time), less than 2 per 
cent total harmonic distortion at 200 
watts and less than 0.5 per cent at 100 
watts (over the entire frequency range). 
These goals were attained in the ampli- 
er described here. More detailed perfor
mance characteristics are given at the 
end of this article.

This amplifier is of course much larger 
than would ever be required in even the

largest home audio system contained in 
a single listening room. There are uses 
for such an amplifier in addition to 
those which led to its construction how
ever. For example, it is very useful ns 
a central amplifier for distributing music 
to an entire house and garden where a 
large number of individual speaker sys
tems are to be driven. I t  is nlso valuable 
for high-quality commercial sound dis
tribution systems which carry music as 
well as voice. Even at a 50-watt average



Fig . 2. Top v ie w  o f the m ass ive  po w er  supply .

level this amplifier is loafing along with 
plenty of reserve for the peaks. The 
peak output is 400 watts continuous 
wave or almost 600 watts on the instan
taneous peak power basis described 
below.
Description of the Circuit

Turning first to a description of the 
circuit, we see in the power supply, Fig. 
1, a relatively direct, though involved, 
circuit. There is a bit of complexity due 
to the need for provision to allow the 
output-tube filaments and the rectifier- 
tube filaments to warm up before the 
main power transformer is turned on. 
This delay is provided by a time delay 
relay which delays the turning on of both 
the 300 volt supply and the negative 
supply used for biasing the output tubes. 
Thus tile filaments are allowed to warm 
up for a minimum of thirty seconds 
after the power switch is turned to the 
“on” or “standby” positions. Only after 
the negative supply has reached full 
voltage and the bins for the output tubes 
is supplied will the high voltage to the 
plates and the screens of the output 
tubes be turned on. The bias current 
through the plate relay operates a double 
pole relay which turns on the main high- 
voltage supply transformer and in addi
tion connects the screen supply for the 
output tubes to the regulated 300-volt 
supply which is already in the standby 
condition. It is convenient to provide 
two power switches. One closes relay Mo. 
1 which turns the bias supply and the 
300-volt supply on. This is then the

standby condition. The second switch is 
in series with the plate relay and thus 
can be used to override the turning on of 
the main power if desired. In cases 
where no long periods of standby oper
ation are required, the second switch 
may be eliminated and the normal turn- 
oil sequence will be followed each time 
the amplifier is turned on. The completed 
power supply is shown in Fig. 2 and 
Fig. 3. The chassis is made of aluminum 
and is a standard 13 x 17 x 3-in. in size. 
A large amount of filtering is used to 
keep the total hum in the amplifier to 
very low levels. In addition, a choke-in
put filter is required for the main plate 
supply because the power transformer is 
is used very near its maximum ratings

at the continuous output rating of the 
amplifier. The main power transformer, 
UTC S-46, will deliver 300-ma continu
ously which is enough for 100-watts out
put. At the 200-watt level, however, the 
amplifier requires 500 ma. This trans
former will supply this current for short 
periods without difficulty. If continuous 
operation at 200 watts is required, it 
would be necessary to use a somewhat 
larger power transformer.

The driver sections of the amplifier 
are supplied with 300 volts from a pair 
of regulators. Two VIt-150 voltage reg
ulators are used in series for the driver 
stages and a second pair similarity con
nected are used for the screen supply. 
There is a considerable variation of the 
screen current in the output tubes as 
the amplifier is driven from quiescent to 
full output and hence regulation is al
most essential for the screen supply.

The negative supply should, of course, 
be regulated since the biasing of the out
put tubes is critical for long-term low- 
distortion operation. In the present am
plifier a single OA2 is used for this 
purpose with the power supplied by 
one side of the 300-volt supply trans
former through a separate rectifier tube. 
A separate filament transformer is nec
essary to avoid any heater-to-cathode 
voltage difficulties in the 6X4 rectifier.

The power amplifier schematic is 
shown in Fig. 4. Notice that the filament 
transformer for the output tubes is on 
this chassis to avoid running the high 
current required for the tubes through 
a long connecting cable. The total cur
rent required for the output tubes is 6.4 
amperes. The filament power for the 
driver and input stages is taken from a 
separate transformer winding because 
it was at first thought necessary to bias 
the filaments at some d.c. potential with 
respect to ground. This later turned out 
to be unnecessary so that they may be 
connected to the same transformer which 
supplies the output tubes.

All components are standard. Notice
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that there are only four capacitors in 
the entire amplifier. The high value 
coupling capacitors are physically quite 
large unless the “metallized” type is 
chosen. These may be seen in the photo
graph of the underside of the amplifier 
shown in Fig. f>. Straight point-to-point 
wiring is used throughout the amplifier. 
Good sturdy hook-up wire going from 
point-to-point and covered with spa
ghetti will hold its shape and give a 
neat and permanent job. Several capaci
tors which wore added after the ampli
fier was completed can be seen on the 
underside also. These would be more 
conveniently mounted on the top. They 
should he protected from the direct ra
diation from the output tubes, however, 
since excess heat may he harmful to 
them. A pair of 20,000-ohm potentiom
eters are used to adjust the bins on the 
output tubes to an optimum value. A 
1,000-ohm resistor is used for balancing 
the drive. Adjustment is best achieved 
by means of distortion measurements, 
but it is not very critical. Particular 
care should be taken with the output-

trails former leads since they are at high 
potential and have .1200-volt pvak-to- 
peak signals appearing on them at full 
output.

The bias voltage at the grids of the 
output tubes will be about -  -tit volts. 
The driver stage is capable of about 140 
volts poak-to-penk drive and will thus 
drive the output stage slightly into the 
grid conduction region at full output. 
This will not cause trouble however, 
since the grids are cathode driven and 
there is no recovery time involved for 
bias changes which would normally take 
place if the output tubes were capacitor 
coupled to the driver stage. The output 
clips smoothly and there is no measur
able recovery time from even extreme 
overload. Recovery time from ten times 
overdrive to one tenth maximum output 
is less than one cycle at 20,000 eps. Ab
solutely no signs of high-frequency oscil
lation or low-frequency instability are 
present under any signal conditions.

Tbe regulation of the high-voltage 
supply will have a rather interesting

effect on the maximum power output 
capabilities. The power available for 
steady-state operation is not as high as 
it is for sudden short impulses or bursts 
of sinusoidal signal. Thus one finds that 
there are different ratings possible for 
a power amplifier, depending upon the 
test procedure used. To clarify this prob
lem, consider the following situation. 
Using the present amplifier as an ex
ample, we find that tbe power supply 
voltage is SOU volts with no signal, or 
with a very small signal, but that it 
drops to 600 volts at the 200-watt level. 
This drop in voltage does not occur im
mediately. If the capacitors which are 
used to filter the plate supply are very 
large as they are in this amplifier, it 
will take as long as J/10 second to drop 
if full power is suddenly called for. 
Since the maximum power output pos
sible depends on the plate voltage supply 
we find that the amplifier will supply 
considerably more than the steady-state 
power for a few cycles of applied signal 
even at low frequencies. The steady-state 
power in this case is 200-watts mis. This



F i g .  5 . B o t t o m  
v ie w  of the a m p l i 
f ier, in contrast to 
the pow er  supply , 
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p o r t e d  o n  t h i n  

leads .

mentis that the peak power is 400 watts 
for a steady sinusoidal signal. However, 
if only a short burst of' sinusoidal signal 
is applied it is possible to obtain almost 
(800/600)2 times this power, or about 
700 watts. This latter figure might be 
called the instantaneous peak power.

Mow it would he folly to try to rate 
all amplifiers according to the sugges
tions discussed above. Manufacturers 
have difficulty enough with the present 
sets of advertising claims. I t is interest
ing to note, however, that a rating on 
the instantaneous peak power available 
is not completely ridiculous. (At least 
one manufacturer uses this rating tech
nique.) If we consider normal music for 
example, we find that the ratio of the 
average to peak power required for un
distorted reproduction is in the neigh
borhood of 10 to 20. This means simply 
that the loudest tones during a given 
interval which is not too long wall re
quire. a 10 or 20 watt amplifier if the 
average level is 1 watt. The system is 
thus required to pass high power peaks 
for only very brief instants and ean 
spend most of the time recovering from 
these peaks. All of this consideration 
would tend to indicate that any amplifier 
would perform slightly better under 
music or noise conditions than it does 
when sinusoidal signals are used to test 
it.

When we use a sinusoidal signal to 
test an amplifier which is designed to 
handle music, we are in fact using a sig
nal which is as much unlike music as 
possible. The reason for using sinusoids, 
of course, is that it is easy to do and 
easy to obtain consistant and relatively 
interprctablc results.

This effect became of interest in the 
present amplifier design because it is 
somewhat more exaggerated in this am
plifier than in a normal low-power am
plifier. If  the voltage regulation on the 
power supply were perfect this effect 
would not appear and the steady-state 
peak power would be the same ns the 
instantaneous peak power. This wonld 
be an ideal situation which can he 
achieved in low-power amplifiers rather

easily by means of electronic regulation. 
In the case of a 600-volt 500-tna supply, 
the added complexity ol electronic regu
lation becomes almost prohibitive.

The filtering shown in this design con
sists of 4 capacitors of 100 pf each 
connected in series-parallel to give an 
effective value of 100 p£ at 900 volts 
maximum voltage. The choke-input filter 
with a swinging choke at the cathodes 
of the rectifiers gives as good regulation 
as one can expect for a simple rectifier- 
filter combination.

As far as the steady-state output of 
this amplifier is concerned, it will deliver 
100-watts continuously. That is, for hours 
or even days at a time. It will deliver 
200 watts for periods of a few minutes. 
Periods longer than ten minutes have 
not been tried. But the output tubes and 
power transformer warm up consider
ably after this time.

The distortion for the amplifier for 
several output levels is shown in Fig. 7. 
The distortion at high outputs is easily 
measurable and is found to lie at about 
the level anticipated in the specifications. 
At low outputs the distortion is below 
about 0.2 per cent and is impossible to 
measure with the equipment available 
to the author. It is in fact very difficult 
to measure distortion levels below 0.2 
per cent because of the residual distor-

Fig . 6. Top v ie w  of the am p li f ie r .

tion in even the very best oscillators. 
Special filters are required for more ac
curate measurements and these can usu
ally be made only at single frequencies. 
The noise output of the amplifier, which 
includes thermal noise and hum, is less 
than 500 jiv at the 10-ohm tap of the 
output transformer. This is negligible 
and may be attributed to the very heavy- 
filtering in the power supply and the 
high voltage on the output tubes.

In conclusion, it is fair to sav that the 
amplifier described here has been found 
to be a very reliable power source when 
driven by an oscillator for variable fre
quency applications as well as a very- 
fine power amplifier for high-fidelity- 
applications where extreme output is re
quired. For the serious amateur it is a 
very useful addition to his stock of elec
tronic tools. 7E

Fig . 7. Total harm on ic  distortion for se v 
era l  freq jenc ie s .

PARTS t.IST

In addition to the standard parts whieh are 
shown iu the schematic diagram, the follow
ing list gives the specifications for the trans
formers and filter chokes which may- be re
placed by- equivalent types:
Output transformer 

Dynaco A-450 
Power transformers 

UTC S-46

Triad P-21 A

Stancor PM 8412 J
Staneor P 6134 

Filter Chokes 
Staneor C 1002 
Staneor C 1003 
Triad C 33A

Triad C ISA 
Belays
Potter and Brumfield, 

Type M LB-5 
Potter and Brumfield, 

Type KA11AY 
Potter and Brumfield, 

Type KL11A

£000-0-2000 volts, 
300 ma

6.3 volts, 10 amp 
' 400-0-400 volts,

200 ma 
5 volts, 3 amp
6.3 volts, 5 amp
6.3 volts, 1.2 amp

15 henry, 75 ma
16 henry, 50 ma 
300 ma, 5/25 henry

(sw inging)
300 ma, 8 henry

10,000-volt plate 
relay

110 volt d.p.d.t. 

110 volt d.p.d.t.

Aniperite 115NO30T time delay relay


