The Terminal Impedance Of An

Attenuator

HERBERT I. KERQES*

Part I1. Continuing the presentation of simplified methods for
determining characteristics of attenuators in audio circuits.

NOMOGRAPII was Ziven in Part I
A which relates the terminal nuped-

ance of an attenuator to the term-
mating impedance, image impedance,
and decilel loss. The nemograph was
restricted in use to resistive impedances.
A large class of impedances encountered
in audio work, particularly those asso-
viated witlh electro-mechanical trans-
ducers such as speakers and phonograph
pickups, vary over wide limits within
their rated frequency range. A graplacal
means in the form of a circle diagram,
is now given to assist in the calculation
of an aitenuator terminal impedance
when the terminating impedance is ap-
preciably reactive.

The circle diagram is applicable to
the general case of finding the input im-
pedance of any four-terminal network
with specified attenuation and phase
constants, and with any type of load

% Acro Products Company, 5328-30 Bal-
Hmore Ave, FPhila. 42, Pa.

As such it may also be used to com-
pute with good aceuracy the terminal
impedances of filters and equalizers.

Use OF The Chart

The chart given in Fig. | 15 com-
posed of two families of orthogonal
cireles, one of constant magnitude and
the other of constant phase, The chart
is used in much the same way as a table
of logarithms, the terminating imped-
ance data being applied to the chart and
values read from the circular coonlin-
ates. Operations are performed on these
values, and the resnlts are apain re-
ferred to the circular coordinates, The
final values of terminal impedance are
then read from the real and imaginary
axis of the chart,

To use the chart proceed as follows:

I. Divide the terminating impedance by

the rated impedance of the attenuator,
amd locate the point on Ihe chart at
which these values ocenr.

2. Read from the circular goordinates tlie

sz/i,“,_ -] Jzn/zt

2/t B ITnz/2,

Fig. 1. Circle diagram for solution of problems involving attenuators having
appreciable reactive impedances.
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magnitude of the quantity W and its
phase angle,

3. Divide the magnitude by # by the
power ratio of the attenvator and call
this H7. The power ratio of the at-
tenuator is piven by the expression
anttleg (6710

4. Locate the point 7 at the original
phase angle on the chart. Read off the
termtinal impedance ratie from the real
aml imaginary axis of the chart, The
numerteal value of the terminal imped-
ance can now readily be found by muyht-
plying the ratio by the rated impedance
of the altenuator.

5.1i the ratio of terminating impedance
to rated attemnator impedance is less
than one. take the reciprocal and pro-
ceed as above. The result in step 4 will
then be the ratio of atlenuator imped-
anfe 1o terminal impedaice,

Approximate Solution

When the magnitude of mismateh De-
tween the termnating impedance and
the rated attenuator impedance is small,
a solution by means of the chart will be
sithject  to  considerable  inaccuracy,
since the readahility is poor in the re-
gion of unity impedance ratio. Tf the
mismatch is no greater in magnitude
than ahout 20 per cent a good approxi-
mation mayv be made hy direct calcula-
tion in the iollowing equation;

it t
- +1=Z./Zx
Z,=ternuinating impedance
Z¢=terminal impedance
Zy = rated impedance of the attenuator
of® = Antilog JL/10

Application

Let us consitder the use of the diagram
in the following example, It is well
known that a heam tetrode amplifier
without feedbaek and operating at a
lugh level may distort badly when mis-
matched into a load. There are two rea-
sons for this. First, the coudition for
maximum power with minimum distor-
tion is determined by locating the load
line so that it intersects the knee of the
tube characteristic curve. In order to do
this the load can wvary only a small
amount from its nonunal wvalue. Sec-
ondly, if the load is veactive, the load
line hecontws an eclipse which will carry
operation into the nonlinear region of

[Continned on page 43]
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TERMINAL IMPEDANCE

[from page 22]

the tube characteristics. This condition
is sometimes corrected by placing a re-
sistor in parallel with the load, It can |
be corrected equally well by using an
attenuation pacd Detween the amplifier
and the load. Let it be required to fined
the amount of reduction of impedance

| varintion that can he effected by means

of a 3 db pad between an amplifier and
a speaker load. The impedunce of the
speaker nsed rises irom a nominal value
of & ohns at 400 cps to 20 ohms with a
phase angle of 45 deg. at the high-Ire-
quency end of its range. If an 8-ohm pad
is used, the terminating impedance ratio
is 1.77+j177. From the chart this
corresponds to a value of HF equal to
0.59/33°, Dividing the magnitude by 2.
the power ratio of the pad. I equals
0.295 /33°. From the chart the terminal
impedance ratio iz L5+ 70.35. and the
terminal impedance is 12.8/20°. This
impedance more closely matches that of
the amplifier, and the reactive compo-
nent of the load_is greatly reduced.

It is of interest 1 note that the dia-
grram may he used to compute the input
impedance of a wave filter il the attenu-
ation and phase constants of the nhlter
are knowi. For thiz caleulation an adidi-
tinnal operation is periormed in step 3.
The ungle of the phase constant is
dottbled and sulitracied from the angle
of 17 when the value of 1177 is chtiined.

Appandix

The expression relating the terminal -
pedance, terminating impedance, aml at-
tenator constants is

1)

I AT AR
1 P Zxid/Ei—1

Let us define a quantity, 147, according to
the [pllowing identity ;

Py-1
W= S
o £i+1 ¥ e
Upon substituting (2) in equation (1),
and using appropriate subseripts, we obtain
I’ .
! e (23

&

In the above eyuations, 1he quantities are
defined as follows:
Py =2 Zx 0r Zei/ 2
P. =2/ Zxnor LulZe
¥ terminal impedance
#, =lerminating impedance

| Zar = image impedance of the atteniator on

the terminal impedance side

Zre =image impedance of the attenuator on |
the terminated side

#? =antilog dh/10, the power ratio of the |
attenuator

An examination of equation (3) shows
each side to be of the same form, but with

| the left side divided by the power ratio of

the attenuator. If then a graphical repre-
septation is made of i, the complex trans- |
fortmation of equations (2) and (4), the |
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resulting chart may be used to solve for
the impedance ratios P; and Py,

The representation of i¥ on the complex
£ plane is, for this application, best accom-
plished by two families of orthogonal circles,
ot of constant magnitnde and the other
of _constant phase. The equation of the
circles 15 obtained by substituting for 77 in
equation (2) the complex equivalent X 4 71",

With this substitution equation (2) be-
comes

X1 iF
W=txin+ )
Y (X—D)t P )
h"hrl_"_'.(._lf:’-:: = (1)

Equation (5) may be arranged in the
following form :
4!')#

el
[X"f-uf"l =gy ©

This is the equation of the constant mag-
uitude circles. The circles are centered on
the real axis with a displacement from: the
Imaginary axis by a distance equal to
{1+ /(2 - 1), The radius is equal to
240 — 1Y),

By rationalizing the denominator of
equation (4) we obtain:
2V
e i
Tan X V-0 {7)

This, when rearranged as follows, gives
the equation for the constant phase angle

| circles.

X+ (Y -Cot @y =Csec* 8 (&)

The centers of these circles are locuted
on the imaginary axis and are displaced
from the real axis by a distance equal to
Cat 8. The radius is equal to Csec 8, The
complete circle diagram is shown in Fig. 1,
The approximate solution results irom
the following consideration. If Zx/Zc ap-
proaches one, then Zx/7 also approaches
one, and equation (i) reduces to the ex-

pression : 7
Zd/. Zes v i=z02,

)

POSITIVE FEEDBACK

[from page 197

sturdy, it was considered mwost satisfac-
tory to provide a frequency response
characteristic similar to that shown in
Fig. 3, labelled rxrur-3. 1f the frequency
range of the source of signal extends

[ ® 2 mw. sensitivity

| ® Tape take off

thruout the audio spectrum, this curve |

seems hest. However, on sources having
limited frequency response character-
istic, the NokMal curve shown in Fig.
4 was excellent, 1 these peaks are in
the range of frequencies heing very ac-
tively reproduced. an unnatural effect is

| experienced which is not normally rec-

ognized exeept by experienced and
critical listeners. The NoxmAaL curve in
Fig. 5 was a satisfactory listening curve
to use as a hasic characteristic. The chief
advantage of the one shown in Fig, 3
seemed to be in the bass end, While
“stage-property moving” and the hlast
of air in pronouncing p's was more
noticeable, the overall result was niore
realistic and pleasing. Measuring the
amount of positive and negative is dif-

ficult since there are two positive feed- |
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