
fed into the equipment and that which is 
reproduced in its output. This use of nega-
tive feedback will become increasingly im-
portant as more and more transistorized 
equipment comes on the market, because 
such amplifiers are operated Class B. Such 
operation is extremely nonlinear and can be 
overcome only by applying tremendous 
amounts of feedback. 

Outside the field of sound reproduction 
feedback finds a wide variety of uses. 
Atomic reactors use feedback to control the 
rate at which neutrons are accelerated to-
ward their targets. Such feedback is used 
in automation to reconcile differences be-
tween programmed work and the actual 
work produced. Various computer opera-
tions make use of the error signal from 
feedback as a means of arriving at the 
proper answer to the problem fed to the 
computer. 

Capacitive Reactance 

Q. I have a motor and a medium-quality 
pickup arm. Recently I exchanged my crys-
tal for a magnetic pickup. This will give 
me a wider frequency range, but at a lower 
voltage. On this basis, the chances are 
greater for distortion to occur in the form 
of hum fields produced by the motor. In 
more powerful amplifiers, some leads are 
shielded, the shield being grounded. How-
ever, if the shield does not have a fairly 
large diameter compared to that of the 
center conductor, some capacitive reactance 
will be present. This tends to attenuate the 
higher frequencies. It seemed to me that I 
should use shielded coaxial wire as lead-in 
for the magnetic cartridge to protect it 
from the magnetic field of the motor. Will 
the capacitive reactance tend to cancel the 
advantages of the shield? 

A. Your statements about capacitive re-
actance of shielded cables are, of coure, 
true. However, if the length of such cables 
is kept as short as possible, the reactance 
at audio frequencies as compared to the 
impedance of the cartridge used is high. 
Therefore, the wide frequency range of 
such cartridges is not shunted, and can be 
passed on to your preamplifier. I cannot 
specify the exact length of cable which 
can be used without losses because so much 
depends upon the type of cable and upon 
the impedance of the cartridge used. Mag-
netic cartridges used in modern home 
music systems range in impedance from an 
ohm or two to around fifty thousand ohms. 
The higher the impedance, the shorter the 
length of cable which can be tolerated. 

RMS 

Q. What is RMS1 Name withheld. 
A. Measurements on the a.c. supply volt-

age used for home illumination shows it 
to be 115 volts, approximately. But this 
voltage is constantly varying from zero to 
a maximum value, back to zero, to an 
equal maximum of opposite sign, then back 
to zero, to begin the cycle over again. Since 
the maximum values of a.c. voltage are 
instantaneous, the effective voltage is less 
than this maximum. While the maximum 
voltage appearing across your house wiring 
system may be 150 volts, it is no more 
effective in doing work than an equivalent 
d.c. voltage of 115 volts. Most a.c. volt-
meters are calibrated to indicate this effec-
tive value. It can be shown that this effec-
tive value is 0.707 of the maximum value 
(with a sine wave), while the maximum 
value is 1.414 times the effective value. 
This is arrived at in the following manner: 
As many instantaneous voltages along a 
cycle as practical are first squared, then 
added up, divided by the number of points 
involved, and the square root is extracted. 
It is from this process that we get the 
term EMS, root mean square. All we are 
doing is taking an average but, because of 
the sinusoidal nature of the alternating 
voltages, we must use squares and square 
roots as well as the standard means of 
taking an average. 

Two Amplifiers 

Q. How can I connect two 40-watt am-
plifiers to drive one 4-ohm speaker sys-
tem? Both are to be fed from the same 
preamplifier. Frank A. Cappi, Chicago, 
Illinois. 

A. I do not advise connecting your two 
amplifiers to one speaker system unless 
you are sure that the speaker system can 
handle their combined power. One of your 
amplifiers has more than enough power 
output to overload the speaker system. The 
only value of so connecting your amplifiers 
would be that of obtaining slightly less 
distortion. Although the decrease in dis-
tortion could be measured by laboratory 
methods, it is doubtful that it could be 
detected aurally. Should you still wish to 
try this, proceed as follows: 

1. Connect the output of the preampli-
fier directly to the input of each of the 
power amplifiers. 

2. Connect together the common, or 
ground, terminals on the power amplifiers. 

3. Join the two four-ohm taps. This 
will provide the necessary four ohms to 
operate the speaker. 
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By so connecting the equipment, more 
power output is obtained than could be 
had from a single amplifier. It should be 
remembered, however, that the internal 
impedance of the output circuit has been 
halved, which is the reason that the 4-ohm 
speaker had to be connected to what had 
been, for each unit, the 4-ohm takeoff. 

Since the output of most preamplifiers 
is terminated in a cathode follower (hav-
ing low output impedance), two or more 
high-impedance circuits may be directly 
bridged across its output terminals with-
out significantly affecting the perform-
ance of the system. When connecting power 
amplifiers as described, be sure that the 
amplifiers are identical. Should one have 
one more stage than the other, the output 
signals would be 180 deg. out of phase, 
causing a cancellation rather than a re-
inforcement of the signal. Even if the 
amplifiers have the same number of stages, 
but are of different circuit design, there 
is likely to be enough phase difference be-
tween their output voltages so that at least 
partial cancellation will result. 

Low Gain of Power Amplifiers 

Q. Thanks for your reply to my recent 
letter. I have another problem which has 
plagued me for some time now. Several 
years ago I built a 20-watt Ultra Linear 
amplifier using two 8074, two 6SN7's and 
a 5U4. It has served me faithfully for 
some time but it has developed troubles 
which I cannot locate. The gain has fallen 
off considerably, and new tubes did not 
help. Voltages all check normal. I re-
placed the filter capacitors because, with 
my input level control rotated all the way 
to the left, motorboating was audible. The 
replacement of these capacitors did not 
help. I would appreciate hearing from you 
concerning this matter with any advice 
you can give. James O. Valestin, St. Louis, 
Mo. 

A. The first thing to check is the 
cathode bypassing. Failure of such a com-
ponent will result in a reduction in gain 
and perhaps some instability. A drop in 
gain accompanied by an even greater 
reduction in bass would be further evi-
dence that a cathode bypass capacitor is 
open. 

Sometimes the amplifier will behave 
abnormally if there is an open grid re-
sistor present. Under this condition, the 
grid is charged excessively with electrons 
from the cathode of the tube, thereby cut-
ting itself off. 

Another possible source of the loss in 

gain is that of defective coupling capaci-
tors. 

Still another source of trouble can be a 
cold-solder joint. Such joints seem good at 
the time they are made and indeed, they 
may work properly for some time, but 
ultimately some resin will penetrate among 
the various leads making up the connec-
tion and this will cause the resistance to 
rise, sometimes to infinity. 

Another possibility is that one half of 
the output transformer has opened. This 
can lead to both loss of gain and to insta-
bility, especially when the output stage 
derives its bias through a dropping re-
sistor in the cathode circuit. 
Another possibility is that the feedback-

loop resistor has changed value. If it has 
become smaller, more and more voltage 
will be fed back from the output stage, 
thereby reducing the gain of the amplifier. 
Further, excessive feedback can cause in-
stability because of shifts in phase of 
some of the components, especially the 
output transformer. Although there are 
always phase shifts, they are not always 
great enough in their effects until the 
feedback increases beyond that intended 
by the designer of the equipment. 

If feedback capacitors open or become 
larger, depending upon their location in 
the circuit, instability can arise because of 
excessive feedback or by additional phase 
shifts which the capacitor was designed to 
counteract. 

If you have an AC VTVM, check the 
gain of each stage and find the one which 
is causing the trouble; then concentrate 
your search there. It may be helpful to 
disconnect the feedback circuit, lest it in-
fluence the gain. If all stages operate 
normally, you must then look into the feed-
back circuit. Measure the gain at various 
frequencies with and without feedback; if 
it is reduced when feedback is applied by 
more than 20 or 25 db, than excessive 
feedback is probably present. For an ac-
curate appraisal of the feedback problem, 
consult the design notes of the equipment 
to see just how much feedback is supposed 
to be present. 

1E 

Crackling in Amplifiers 

Q. I have on hand an old 50-watt PA 
amplifier. The tube lineup consists of two 
6J7's, two 6N7's, four 6L6's, one 6%5, and 
two 5V4's. The nature of the trouble is a 
crackling noise in the output. I have re-
placed many resistors and electrolytics with 
no improvement. J. L. Cosette, Quebec, 
Canada. 
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