
Matching Impedances 

Q. flow can I go about matching im-
pedance of a tuner and the output or in-
put impedance of an amplifier or preampli-
fier? H. T. Sutcliffer, Redwood City, Cal. 

A. In audio work, it is rarely necessary 
to know the exact input or output im-
pedance of a piece of equipment, though 
that of the output stage of a power am-
plifier and of some low-impedance input 
stages is somewhat more critical. With 
straight BC circuitry, all that is necessary 
is for the impedance of a stage being sup-
plied with signal to be at least twice that 
of the driver. I usually establish this ratio 
at between five and ten to one. Cathode 
followers are of low impedance usually, and 
can be easily tel into amplifiers of many 
times their impedance without the use of 
matching equipment. The actual impedance 
of a cathode follower depends upon the 
tube employed and upon the cathode re-
sistor. The input impedance to a particular 
amplifier or amplifier stage is roughly that 
of the load into which the coupling ca-
pacitor works. For example, the output 
impedance of a discriminator of an FM 
tuner is approximately that of the resist-
ance between cathode and ground of the 
diode from which audio is derived (about 
100,000 ohms, usually). The coupling ca-
pacitor should be 0.02 p,f. or larger. The 
output of the capacitor should be termi-
nated in a stage whose input impedance is 
approximately 0.5 megohm. 
The output of a conventional grounded 

cathode a.c. amplifier is roughly that of the 
plate load resistor, and again, the value of 
the capacitor used to couple the signal to 
the next stage can be neglected. 

Inductances in Series 

Q. Given two similar unshielded chokes, 
salvaged from a TV power supply, which 
I want to add in series followed by a shunt 
capacitor to a choke-input power supply, is 
there a possibility of not getting combined 
inductance value unless they are connected 
in a certain way? If so, is there a simple 
method of determining the proper terminal 
arrangements? 

A. When connecting chokes in series, you 
will find that their inductances will be ad-
ditive, regardless of polarity of wiring. Tho 
only things which will change when the con-
nections of such inductances aro reversed 
will be the polarities of the back voltages. 
Even though the chokes aro unshielded, 
coupling between them will not be sufficient 
to cause cancellations-or reinforcements, as 
would be the case were the inductances 
wound on the MUM form. 11 

Negative Feedback 

Q. What is negative feedback, and what 
is its purpose? John Ivers, St. Louis, Mo. 

A. By negative (inverse) feedback we 
mean that condition wherein a portion of 
the output is returned to a previous stage 
in phase opposition to the input signal. It 
may be looked upon as a peculiar kind of 
tug-of-war in which the output does nothing 
until the input receives a signal. Then -the 
input voltage is opposed by what we call 
the feedback voltage. The main input signal 
voltage always wins the game, since it is 
impossible to reintroduce sufficient signal 
to the input circuit to cancel it completely. 

Figure 1 shows a single audio-frequency 
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stage in which feedback is applied from 
plate to grid. There are two paths from 
the plate of V,. One leads to a succeeding 
stage, while the other leads back to the in-
put grid. The latter path delivers the signal 
to the input, and is known as the feedback 
loop. 

From what has been said so far, it is 
obvious that a signal can be returned from 
output back to input with no difficulty. In 
order that we may call this signal negative 
feedback it must be in such a direction that 
it cancels some of the input signal. This 
circuit meets this requirement. At some 
portion of the input cycle the grid is made 
attire positive with respect to ground. The 
tube draws more plate current, and the 
voltage dropped across the plate-load re-
sistor, R,, increases. This causes the plate 
ta become less positive than it was with no 
signal applied to the grid. What I'm saying 
is that the plate and grid signals behave 
oppositely. Therefore, when the signal from 
the plate is fed back to the grid of the same 
stage, it is in such a direction as to cancel 
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a portion of the input signal. 
Not only is it important to be sure of the 

direction of the feedback, but it is also im-
portant to be sure of the degree of feed-
back. An examination of Fig. 2 will show 
that less feedback will be available to the 
input stage than was the ease in Fig. 1. be-
cause the feedback resistor, BF and the grid 
resistor, Bo form a voltage divider whose 
action is more severe in Fig. 2 than in Fig. 
1. 
Negative feedback is used for many dif-
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ferent purposes, some of which will be given 
here. 

Negative feedback is used to correct fre-
quency response. For example, if there is 
amplitude distortion present in an ampli-
fier, the voltage produced at the distorting 
frequency will be greater (or less) than any 
other voltage fed to the feedback loop. (I 
am assuming, of course, that all voltages 
fed into the amplifier are equal.) Because 
the voltage of the distorting frequency at 
the output of the loop is greater (or less) 
than any other voltage at the output of the 
feedback loop, more of this voltage will be 
fed back to the input stage of the loop than 
at any other frequency. Thus, more (or 
less) of the distorting frequency signal will 
be canceled, and by this means response 
tends to level off. Notice I said "tends to 
level off." There is always present some 
error, much like that occurring in the gov-
ernor mechanism of the old spring phono-
graphs, wherein changes in spring tension 
were only partially compensated for by 
changes in the centrifugal force of the 
weights, and hence friction of the drum 
against its brake pads. 

Another use for negative feedback is 
that of frequency compensation of the char-
acter found in tape and phonograph repro-
ducers. The compensation is accomplished 
by making the feedback loop frequency 

sensitive. If what is needed is a circuit 
which will boost the lows, it is necessary to 
feed back more highs than lows, leaving the 
lows more or less unattenuated while the 
highs are considerably reduced in intensity. 
To accomplish this merely insert a small 
capacitor, Cc in series with the loop, as in 
Fig. 3. Because the reactance of the capaci-
tor is high as compared to that of the feed-
back resistor, most of the lows are lost 
across the capacitor. The reactance to the 
highs, on the other hand, is small compared 
to that of the feedback resistor, and there-
fore, most of the voltage at these frequen-
cies is available as feedback. If you de-
sired to feed back more lows than highs, 
which you might in pre-emphasis networks, 
insert a small bypass capacitor in the loop. 
This will shunt the highs to ground, thereby 
bypassing the loop. This capacitor offers 
a low reactance path back to ground. 

Sometimes the elements in these fre-
quency compensating networks are made 
variable. When this is done we have a tone-
control circuit most often referred to as 
the Baxandall type. Such variable networks 
are also the means by which many phono 
preamplifiers achieve the various record 
compensation curves. 

Still another use for inverse feedback is 
that of making an amplifier more nearly 
linear. This is accomplished in a manner 
similar to that discussed in connection with 
frequency correction. Any instantaneous 
peak or dip in a wave shape is automati-
cally compensated for by an Increase or de-
crease in the amount of feedback applied. 
This doesn't mean that all frequencies fed 
into the equipment will be converted auto-
matically into sinewaves. This would be 
highly undesirable, since much of the tran-
sient nature of program material consists 
of steep wavefronts. The feedback removes 
the discrepancy between the signal being 

THE IMPEDANCE OF Cc IS LOW COMPARED TO 
Rf +Rf;i, AT FREQUENCIES NOT TO BE ATTENUATED 
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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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