
The design of 

attenuation 

networks 

By W. F. LANTERMAN 

HE term “pad” as commonly employed in connec- 
tion with audio frequency circuits, refers to an 

attenuation device used to reduce the power at a 

point in a circuit by some desired value. Pads are useful 

to the radio and sound engineer in innumerable ways. As 

accurately calibrated constant impedance attenuators, they 

are valuable in testing and measurement work. Fixed 

pads are used for terminating apparatus or transmission 

lines to provide loads of definite impedance; variable 

pads are often used as volume controls, and for this pur- 

pose are superior to most other devices. The following 

work is an attempt to put pad design formulas into sim- 

plified forms most useful in practical applications. 
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Fig. 1—Pads of the H and T types 

Regarded as an electric circuit, a pad consists of a 
one-section artificial line whose elements are pure 
resistances. It is designed so that its input and output 

The reader who is interested in the mathematical development 
of these expressions will find a complete treatment of the subject 
in K. S. Johnson's “Tran mission Circuits for Telephone Com- 
munication.” 

508 

50 

| | | {|| 
K ic R2+R2Rz+2R,R3 

= 17 40 (2R}+Rz2)(2R3+Rq) 
j j 

|_| 
“ 
wv 
2 

Q EXCTL a 
r K2=1414 IR Ro 

w» 20 
wo 
° 

: / 
10 4 = 

) 

oO ~ nH orf -— — = = = 
eoeooeogesdsds & 

So 

Ki and K2 

Fig. 2—Loss of either H or T type pads as 

function of the resistances 
a 

impedances are, respectively, the image impedances of 
the apparatus from which and into which it works: i.e., 
the impedances at the junction points of the pad and the 
other parts of the circuit are “matched.” Such a con- 
dition exists if the impedance at the terminals (a, b) 
of the network (Fig. 1) equals the impedance Z, of the 
preceding apparatus, when the network is terminated at 
(c, d) by an impedance equal to Zs. The power loss 
caused by the insertion of a pad is measured in decibels. 
When the values of the input and output impedances 
and the loss in db are designated, a pad is completely 
specified, and the amount of resistance required for each 
leg may be computed. Conversely, if all of the 
resistances of an existent pad are known, its input and 
output impedances, and its loss in db can be determined. 

H or T types of network 

The resistances forming the pad are arranged in an 
H or T network. The T pad is simpler and easier to 
construct than the H type, and in general may be used 
with the same results ; the H type is necessary only where 
each side of the line is required to contain the same series 
impedances to preserve the electrical balance of the 
system. For example, a transformer circuit with center 
taps grounded would require pads of the H _ type, 
whereas a circuit with one side of the line grounded 
might use T pads. The expressions to be developed 
here apply to both types if the resistances have the values 
shown in Fig. 1. 

From fundamental circuit theory we obtain 
— 1.4144] (2R: + R.) (Ri: R. + RRs + 2R: Rs) 

(2R; + R: (1) 
- om (2R3 +. R:) (RR, at R:.Rs te 2RiRs) 

elie 14144) (2R: + R:) (2) 

The loss in decibels is 

_. “ RR: - R:Ra a ee] 3 

Lay = 8.686 tanh [ 1414 Vas + R:) (2Rs + Rs) (3) 

(3a) = 8.686 tanh” (1.414 K,) 

| RR. + RRs + 2RiRs 

(2R: + R:) (2Rs + R:z) 

A plot of (3a) for various values of the quantity Ky 
is shown in Fig. 2. 

Equations (1), (2) and (3) are the general expres- 
sions for finding the input and output impedances and 
the loss of a pad having known resistances. In the 
special case where R; = Rz, (1) and (2) reduce to the 
identity (4) and the impedances are equal: / 

(4) A Ls — 2V Ri( Rs + R:) 
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where K; = 



Also, (3) becomes 

Lap = 8.686 tanh* ee | (5) 
= 8.686 tanh” (1.414 K;) (Sa) 

where 

ot VR:(Ri + Ra) K; = 1.414 2R, + R; 

the values of Law in (5a) corresponding to various values 
of Ke can be read from the curve, Fig. 2. 

To design a pad 

In practice, the conditions are usually the reverse of 
those just considered—the engineer is most often con- 
cerned with designing a pad to have given input and 
output impedances and to produce a given loss. The 
equations for this purpose are developed from (1), (2) 
and (3) by a somewhat involved mathematical process.* 

The results are the general equations for a transmission 
network: 

7 ae EES 
lee tanh 6 sinh 0 (6) 

eae 2: VZ:21 

Rs = 4 tanh 6 sinh 6 | (7) 

a Vi2i2: 
R= sinh @ (8) 

in which 
It-amperes at (a, b) oe vo 

' 2 loge volt-amperes at (c, d) (9) 

For resistance networks, (9) may be written 
ies loss in db 

cs 8.686 

For practical purposes, we may rewrite equations (6), 
(7) and (8) as follows: 

Ri = KsZ: _ KiV 212; (10) 

Rs = KeZ: — KV Z:2: (11) 

R: = 2KwWZi22 (12) 

where Ks and A, depend on the loss in db as shown in 

Table I. These are the relations most useful in the prac- 
tical design of pads. 

From (10) and (11) we see that if Ky\/Z,Z2 is larger 
than K3Z, or K3Z2, Ry or Rz will be negative. Since 

this is not possible practically, there is a limit to the 
r r 

. 1 92 r 4 ‘ ° 
ratio of Z, Of F Consistent with any given loss in db. 

A 2 1 
This limit is reached when R,; or Rs becomes zero; it is 

found from (10) and (11) to be 

{ (13) 
Z1 Z: < K’s 

Zz," 2 = EK, 
where Z; and Z2 are taken in the order which makes the 

: 1 
ratio zy or Z, 

words, the ratio of the larger terminal impedance of the 
pad to the smaller impedance cannot be greater than a 
quantity (K; in equation (13)) which depends upon 
the loss. Values of K; for various values of the loss 
in db are given in Table I. The limiting values of the 
ratios are plotted in Fig. 3. 

From equations (10), (11) and (12) together with 
(13) and Table I, we can determine the resistance values 
for any pad of given loss and input impedances. To 
illustrate the method of applying them to a practical 
design problem, assume that we wish to build a pad to 
work between a circuit whose terminal impedance is 400 
ohms and another whose input impedance is 600 ohms, 

= Ke (= cosh’ @) 

2° 

equal to or larger than unity. In other 
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Fig. 3—Loss as a function of the 
terminal impedances 

and that the pad so designed is to have a loss of 10 db. 
First, referring to Fig. 3 or Table I, we find it is pos- 

TABLE I 

Loss in db Ks; K, Ks 

| 4.34 4.34 1.013 
2 2.21 2.15 1.05 
a 1.51 1.43 Lt 
- 1.16 1.05 1.23 

ae 965 . 820 1.37 
6 . 835 .670 1.56 
7 422 Ae >. ta 
8 . 690 .476 2.10 
9 . 645 . 406 2.50 

10 .610 Bp > 3.03 
12 565 . 269 4.45 
14 . 540 . 208 6.76 
15 .532 . 184 8.35 
16 .525 . 163 10.43 
18 > . 128 16.74 
20 .510 101 25.40 
25 .502 .056 79.80 
30 . 500 . 0318 247.00 
35 . 500 .0178 784.00 
40 . 500 .0100 2401.00 
45 . 500 .00565 7921.00 
50 . 500 . 00320 24964.00 

sible to construct a pad having this loss and an impedance 

, 600 | , , ; 
ratio of —~ or 1.5 (3.03 being the maximum impedance 

400 

ratio possible). Then by Table I we see that for a loss 
of 10 db, 

Ks = 0.610 
K, = 0352. 

Substituting these and the given values of Z; and Z2 

in (10), (11) and (12) gives 

R: = (.61 x 400) — (.352 x 490) = 71.5 ohms. 
R. = 2 X 352 x 490 = 345 ohms. 
Rs = (.61 x 600) — (.352 ~ 490) = 193.5 ohms. 

In practice we would make R; = 70 ohms, Re = 350 
ohms, and Rs = 200 ohms. 

Thus far only fixed pads have been dealt with. In 
many applications, of which the “gain” or volume con- 
trol is the best example, a pad having a variable loss 
is needed. A pad might also be designed to have vari- 
able input and output impedances, but there is little 
practical application for such an arrangement in ordinary 
audio frequency circuits. 

To vary the amount of loss in a pad and at the same 
[Continued on page 532] 
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. . R,, Rz and Rs subsequently obtained by multiplying 
The design of attenuation networks these ratios by Z;. Designing a variable pad actually 

[continued from page 509] consists of designing a series of fixed pads. Taps and 
switch contacts are arranged so that on any step each 
resistance is increased or decreased from its value on 
the preceding step by the required amount. 

Let us design, as an example, a pad with input and 
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Fig. 6-—Circuit and switching arrangement + 
for variable pad cx 020} 

a Se oe time maintain constant input and output impedances, 040 
means that all of the component resistances must be 0.08 

a ee Soe | — 

made variable. ‘They may be either continuously so, as 0.06 
for instance, the graphite- element sliding contact type, 
or may be fixed resistances with taps. ‘The latter method ox: ik ke 
is preferable from the standpoint of permanence of a ta 2 ae — 
calibration and mechanical construction. It has the dis- con ee Gee fons Pee PCE 
advantage that the pad is adjustable only by steps instead | ‘ Ge hy 
of continuously ; but if these steps are made small enough 

° : aes : >in Vv 2 per s 0.0 (say One OF ova ee the =. — per step er eee ee ae ee ee ee ee 
will be scarcely noticeable at the loud speaker. Loss in DO (2) =Z2) 

lhe labor in the design of a variable pad is greatly a 
reduced by plotting curves for the expressions (10), 
(11) and (12). In the majority of practical cases, Z; 
equals Z», so that (10) and (11) become identities and Output impedances of 600 ohms and a loss range of from 

but two curves are required. Such curves are shown in 20 to 0 db in eleven steps of 2 db each. The first step 
ae ; ss Me R. Will correspond to minimum volume or the maximum 

Figs. 4 and 5. From them the ratios of 77 and 7. loss of 20 db. From Figs. 4 and 5, we find for 20 db, 
1 1 ~1 

for any loss in db can be read directly, and the values of pa = 0.408 and ue = 0.205. Since Z; and Ze. are 600 
1 1 

05 : m , ohms, R, and Rs are each 245 ohms, and Re is 123 ohms. 
| | —y | Likewise, for the second step, which has 18 db loss, R 

—+—+—+—— - | = 231 and R. = 156, and so on for each step, giving 
cae the results for the complete pad shown in Table II. The 

14 a et §) . ce ee ee ie 4 last step has a zero loss and FR; and Rz will be zero, 
i. a i aoaaldl...s0tk com a while R» will be infinite or open circuited. 

+ te + er a P 

| | | 
| | | | | ase 25 Gn OE He a ak “ae TABLE II 

IN | 

- - ce er eee eee Ge She Design of variable pad having 11 steps of 2 db each, 
: | 21 = 22 | | from 0 to 20, and output and input impedances of 

akrio.2 +f—+——_ + — 600 ohms. 

| | | | | Ri Ri AR: R, 
jj} }__4 Loss — and and — 

| Step db Zi R; ARs Zi R, AR; 

ot on Poe ee ee ee | L | 20 . 408 245 we .205 123 ~~ 
| | | 2 18 . 386 231 —I4 . 260 156 33 

| ; | | 3 16 .360 216 —I5 1330 198 42 
seek Bene | t 1 t 4 14 . 330 198 —18 415 249 51 

| | 5 12 . 296 178 —20 Ye 315 66 
0 | | | 6 10 . 258 155 —22 .702 421 107 
0 10 202—~—t—i‘(ts«C8 40 50 7 8 . 220 132 —24 -920 552 131 

Loss in DB ; : ; Hh = —26 1.280 768 216 

Fig. 4—Loss as a function of ratio between 10 2 07023358 22801110 
shunt resistance 1 0 . 000 0 —42 Open circuit 
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