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ABSTRACT 

The parallel-T resistance-capacitance null-type network to­
gether with a bridging and a re-tuning resistance when operated 
between suitably selected generator and load resistances exhibits 
a wide range of response characteristics. General formulas for 
the steady-state response of the network are derived and the effects 
ofvariationof theparameters relating tonetworksymmetry, bridg­
ing resistance, generator resistance, and load resistance are shown 
by means of families of curves that serve as useful design data 
in the wide range of applications to which the parallel-T network 
may be applied. Used for frequency response control in servo sys­
tems employing amplitude-modulated carrier voltages for data 
transmission, the network provides carrier suppression and sym­
metrical sideband transmission of controllable characteristics with 
resulting system simplification. 

PROBLEM STATUS 

This report represents completion of a study under the general 
long-term program No. R05. 

viii 



TRANSFER CHARACTERISTICS OF A BRIDGED PARALLEL-T NETWORK 

INTRODUCTION 

The bridged paralled-T network consists of a basic parallel-T resistance-capacitance 
three-terminalnetwork of unsymmetrical design to which has been added a bridging resis­
tance placedacross the upper input and output terminals together with a re-tuning resistance 
placed between the lower network terminal and the terminal common to both the input and the 
output circuits. The effects of the generator and load resistance are considered and are uti ­
lized to obtain additional variation in the frequency response of the circuit. 

The analysis proceeds from a study of the basic unsymmetrical parallel-T network to 
a determination of the re-tuning resistance value required to prevent a shift in the frequency 
of maximum attenuation when the bridging resistance is in place and, finally, to a general 
equation for the frequency response of the complete circuit including the effects of generator 
and load resistance. In determining the effects of the four circuit parameters, namely, sym­
metry parameter, bridging-resistance parameter, generator-resistance parameter, and load­
resistance parameter, particular cases of the general equation are derived for extreme or 
special values of the parameters not under study. The effects of each parameter are shown 
by means of families of curves that are supplemented by other special curves that add to the 
design data made available. 

Of the wide range of possible frequency response characteristics shown, particular 
attention is given to the determination of the bridged-network design requirements for 
equal upper and lower side-band transmission for use in the frequency-response control 
of serv0 systems utilizing amplitude-modulated carrier voltages for data transmission. In 
such servo systems, it is not uncommon practice to obtain the error signal independent of 
the carrier by demodulation, then to insert frequency response controlling networks of con­
ventional design, and finally to re-introduce the carrier by means of a similar circuit used 
as a modulator. Substantial system simplification results when the above circuits are re­
placed by the bridged parallel-T network. 

filSTORICAL BACKGROUND 

The parallel-T resistance-reactance filter resulted from an investigation by Augustadt1 * 
of means for a more economical rectifier filter. A brief sketch of the steps taken in the 

• Text superscripts refer to numbered references. 

1 
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evolution of the network is of historical interest as an example of the results obtainable by 
properly dir ected analytical methods. From the basic structure of Figure 1, the symmet­
rical lattice equivalent shown in Figure 2 was formed and used in the analysis as the proto­
type structure. A peak of attenuation was obtained by M- deriving (Figure 3). 

R R 3 3 

2 I~ . 
o---------+--------o 

/ 
/ 

~ /~~=~~-~ 
Fig. 1 - Basic Structure 

Fig. 3 - M-Derived Equivalent 

Fig. 2 - Symmetrical Lattice 
Equivalent of Basic Structure 

From a study of the performance of the struc­
ture of Figure 3 it was found that for the peak of at­
tenuation to occur at a real frequency, the prototype 
structure of Figure 2 must be M-derived with a 
complex "M"(Figure 4). Figure 5 is the lattice equiva­
lent of Figure 4. A final transformation from the 
lattice structure to the more economical design of 
the parallel -T structure of Figure 6, in which the re­
sistances R1 may be lumped with the generator and 
load resistances, completed the evolution to the three­
ter minal network subsequently to become known as 
the parallel-T filter. 

While the circuit of Figure 6 shows a pair of symmetrical T-networks, the patent1 

issued to Augustadt covers unsymmetrical designs and includes a correlation with the 
generator and load resistance effects on the circuit operation. 

References 1-16 listed in this report cover other work previously done on this net­
work and also indicate the importance of the network. The unsymmetrical design varia­
tion in the network was investigated by McGaughan12 and is the design incorporated into 
the bridged parallel-T theory reported here. 

Fig. 4 - Complex M-Derived Configuration 
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Co Co 

J 

2 4 

Fig. 5 - Lattice Equivalent of Fig. 4 Fig. 6 - Parallel-T Equivalent of Fig. 5 

BASIC NETWORK 

R mR The circuit configuration taken as the core 
of the bridged parallel-T network is a special 
caseofthatof Figure 7. Thenand mare param­
eters that may be given any positive real values. 
Note that the time constant at each of the three 
terminals of the network equals R·C. As only 
circuits producing a true null are desired, a 
limitation must be placed on the values that n 
may assume. To obtain such a formula for n in 
terms of m, first consider the two T's separately 
and find their ,r-equivalents (Figures 8 and 9). 

2 

The combination of the two networks in par­
allel is shown by Figure 10 in which a single ,r­
equivalent is indicated. 

R 

3 

mR 

n·..!.. 
pC 

C 

nR 

3 

Fig. 7 - Unsymmetrical Parallel-T 
Configuration 

3 

Fig. 8 - T-to-,r Transformation of T Involving Two Resistances 

I 
pC m . .l 

~ ---~ 
I z' Z' 2 

I 2 

z' J nR 

3 3 

Fig. 9 - T-to-,r Transformation of T Involving Two Capacitances 
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3 

Fig, 10 - Parallel-1r to Equivalent-1r 

The c.ransfer characteristic, a, of the network in the absence of generator or load resis­
Lance is identically equal to 

Eout Zy 
a=--=----

Ein Zf3 + Zy 
( 1) 

Since the frequency for a null in symmetrical parallel-T networks is known1 and equals 
1 

w=-, 
RC 

(2) 

and it is desired to select n to obtain a null at the same frequency, we may set a equal 
to zero and write (where the N means numerator and the D means denominator) 

Zy 
a=---=0, 

Zy + Zf3 

ZYN 

a= 
Zyn ZYN. Zt3n 

ZyN + Zt3N Zm . Z.sn + Zt3N 

Zyn Z,ao 
from which it is seen to be sufficient to set 

ZyN' Z.BD = 0 . 

= 0, (3) 

ZYD 

(4) 

The details of the above process are given in Appendix I and show the desired rela­
tionship to be 

m 
n=--. 

m + 1 

BASIC BRIDGED NETWORK 

(5) 

In servo systems employing an amplitude-modulated carrier, the frequency response 
of the system may be controlled by the introduction of a filter that attenuates at the carrier 
frequency by an amount greater than at the sideband frequencies. With such an application 
in mind, the null type parallel-T circuit may be bridged by a resistance and the frequency 
of maximum attenuation held at the previous null-frequency by use of a re-tuning resis­
tance as shown in Figure 11 (such an arrangement with a symmetrical parallel-T network, 
m = 1, was used in certain radar equipment during the war): 
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oR 

r---------------7 
I R mR I 

I 
I 
I 
I 
I 
I m 
: m+IR 
L _____ _ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I _______ _) 

bR 

Fig. 11 - Bridged Parallel-T Configuration 

5 

At this point, it must be established that it is possible to accomplish the results de­
sired, and a relationship must be found for the r~-tuning resistance parameter, b, in 
terms of the symmetry parameter, m, and the bridging resistance parameter, a. These 
details are given in Appendix II and the resulting relationship is found to be 

b = ...!!!.... (6) 
2a 

THE BRIDGED PARALLEL-T NETWORK WITH GENERATOR 
AND LOAD RESISTANCE CONSIDERED 

The foregoing material has led to the circuit that is the subject of the present report. 
Figure 12 shows a network consisting of a null-type unsymmetrical parallel-T resistance­
capacitance structure with a bridging resistance and a re-tuning resistance, operated be­
tween a generator having resistance and a resistance load. 

I oR 
I 
I ,-----------------. 

~--11---~'--~\ R \~--J\mR 
I I 

I I 
I I 

gR I 1 

I I C 
I I 
I I :'+1 R 
I I I L ________ _ 

I 
I 
I 
I 

3' 

..!!!.. R 
2a 

2 

Fig. 12 - The Bridged Parallel-T Network 

lR 
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Note that the following parameters are involved: 

(1) symmetry parameter, m, 

(2) bridging resistance pan.meter, a, 

(3) generator resistance parameter, g, and 

(4) load resistance parameter, l-

As could be expected of a network having the above complication, it is possible to obtain 
a wide range of frequency response characteristics by allowing the four parameters to 
assume any positive value between zero and infinity. It will be seen that the frequency of 
maximum attenuation is only slightly shifted by the presence of the generator and load re­
sistance for practical values of these two parameters. 

The circuit is studied by first obtaining a general equation for the transfer charac­
teristic of the circuit from which special cases are found for extreme and special values 
of the parameters not under study at the moment. Equations are given for the complex 
transfer characteristics from which attenuation and phase characteristics may be found. 
The details of the derivation of the general equation are given in Appendix III. The trans­
fer characteristic is given as the ratio of the voltage, Eout, appearing across the load re­
sisblnce to the open-circuit voltage, Em, of the generator and is indicated by the symbol 
a. In the equation, the variable 

(7) 

where w = 211f and f = frequency in cycles per second. The equation is 

[ 
2 m + 1 m + 1 + 2a 1] ~l m + 1 + a ] IA 

Cl!= u +u - -• + +u u 
a m+l+a a 

(8) 

A 3 [ ffi + 1 + a 2 m + 1 g ffi + 1 + a ] 2 r 1 2 ID + 1 + ID +21 (m + 1 + 2a) 
where t.l = u a + g ~ + T a + u L + m a 

+m+·l m+l+a+ ~.(m+l)2
• m+1+2a + 4g m+l . a +~ 

l · a a m m+l+a m m+l+a l 

g m + 1 2g ] [ m + 1 + a m + 1 a + -l -- (m+ 1 + 2a) + -l (m+ 1) + u + 2-- • 
1 a2 a m m+ +a 

m + 1 m + 1 + 2a m + 1 g m + 1 m + 1 + 2a g m + 1 + a 2g (m + 1) a 
+ ·--- -+ 2g--+-·--· +- +-l 
--a- m + 1 + a m l a m + 1 + a l a m + 1 + a 

2( t)] [1 g l(m+l)a] +y m+ + +y+zm+!+a 

THE SYMMETRY PARAMETER, m 

a= f(m), a~ oo, l ~ oo, g=O 

For zero generator resistance, no load, and no bridging resistance, :m equation for 
the transfer characteristic is obtained from equation (8) with only the symmetry parameter, 
m, present. 
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Thus, a = (u2 + 1) (u + 1) 

u 3 +u2 [1+2+ ~ +u [1+2+fil + 1 

= __ ..... (u_2_+_1,..._) __ 

u
2 + u [ 2 + !] + 1 

(9) 

Replacing the variable u by p/w0 and factoring, 

a= (10) 

1 
where w

0 
= RC and p = jw as previously indicated. 

The expression for a was put into the form shown in equation (10) to show clearly the 
effect of variation of the symmetry parameter. The two numerator factors are not influ­
enced but the location of the two "low-pass corners" of the denominator are shifted to cause 
the variation in the attenuation and phase-shift characteristics of the network. Figure 13 
shows the attenuation due to each of four factors of equation (10) evaluated for m = 1 to­
gether with the combined effect of these factors. The corresponding phase shift is shown 
by Figure 14. 

Note that for variat ion of the value of m, the shape of the individual curves is not 
changed; only the position on the frequency axis is shifted. Table 1 * gives the attenuation 
and phase shift associated with each of the terms (1 + w/w0 ), (1 - w!w

0
), and 1/(1 + P/wJ 

as used in preparing the curves. The first two factors are either positive or negative real 
quantities but the third iscomplexandit becomesnecessarytocalculate magnitudeandphase. 

The family of curves in Figure 15 shows the sharper attenuation characteristics obtain ­
able with increasing values of m. It is possible to realize experimentally satisfactory net­
works with a value of m = 10. Note that for m = 10 almost all the possible improvement is 
obtained. Table 2 represents the data used in plotting the curves of Figure 15. That a complete 
null occurs at the frequency w =w

0
is made more evident by Figure 16 which is a percentage­

transmission plot rather than decibels-attenuation plot of the same family of curves. Figure 17 
has been prepared as an aid in selecting the value of m for a particular frequency bandwidth 
(as evaluated at the -3 db level) expressed in decades (a ten - to-one frequency range). 

THE GENERATOR RESISTANCE PARAMETER, g 

Cl!=f(g), a+oo, l+oo, m=l 

For a symmetrical parallel-T network, unbridged and with no load, an equation for the 
transfer characteristic involving the generator resistance parameter, g, is obtained from 
equation (8) and is 

(u2 + 1) {u + 1) a=------'----'-'---'-----
u3 (1+4g) + u2 (5+8g) + u (5+4g) + 1 

=---------- (11) 
u2 (1 +4g) + u (4+4g) + 1 

• All tables are located in Appendix V. 
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Fig. 15 - Symmetry Parameter Effects 

Replacing u byR andfactoring, 
WO [1 + ~] [1 -~] 

a= ~--------- ----~-------------t ·o/ ... [ 2 ••• ., !!;••·••' ]] [1 ·J ... [ 2+2g j :!;4g+4g' l l (12) 

where w-o = -R 
1-c and p = jw. loc =f (m) I a-+ooll-+ oo I g= 0 

As in the case of varying the para -
meter m, the effect of varying the gen­
erator resistance parameter, g, is to 

move the "low-pass corners" along the 
frequency axis with a resulting change 
in attenuation as shown by Figure 18. 

The most pronounced effect to be noted 
is an increase in the loss at high frequen­
cies as g is increased in value. The 
data for Figure 18 is given in Table 3. 

Fig. 16 - Percentage Transmission Curves 0 
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Fig. 17 - Bandwidth vs Symmetry Parameter 
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THE LOAD RESISTANCE PARAMETER, l 

a = f( l), a+ oo, g = 0, m = 1 

F or a symmetrical parallel -T networ k, unbridged and with zer o generator resis tance, 
the equation for the transfe r characteris tic involving the load r esis tance parameter l, 
obtained as a special case of equation (8), is 

r- l ., u 2 + 1 

Cl=b+ 2J [ l] '"4l+ 2 .... 
u 2 

- - + u ---j + 1 
l + 2 Ll+ 2 

(13) 

Replace u by L and factor to obtain 
WO 

The effect of variation of th~ parameter l is shown by Figur e 19 in which it is noted 
that the loss at low frequencies increases with decrease in the value of l but that other 
portions of the attenuation characteristic are only slightly influenced. The data for 
Figure 19 is given in Table 4. 

An auxiliary curve sheet showing the high-frequency loss as a function of generator 
rusistanre and the low-frequency loss as a function of load resistance is given as a design 
aid. See Figure 20. Simultaneous presence of both generator and load r esis ta nce results 
in some deviation from the values shown. 

THE BRIDGING RESISTANCE PARAMETER, a 

a = f(l, a), g = o. m = 1 

For zero generator resistance and a symmetrical design, equation (8) r educes to the 
transfer characteristic definc>d by 

a= 
u2 + u ~- . : ! ~} 1 

---=[~4a __ a_+_1 __ 4a 27 ~[,c------2--a-.]· 
u2 + u L . a'"+2 +a+ 2 + LJ + 1 + 7, . a + 2 

For no load (l+oq, equation (15) reduces to 

~ [4 a + t] u~+ u - .-- + 1 
a a+ 2 

a= -- [4 a+ 1 4a ] u2 
+ u-;- · a + 2 + a + 2 + 1 

(15) 

(16) 
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Upon substitution of a particular value for the parameter a, the expression for a becomes 
the ratio of two quadratics with constant coefficients. The denominator has two negative 
real roots and the typical " low-pass filter" characteristics are obtained for these factors . 
However, it is found that the numerator is composed of a complex conjugate pair with nega­
tive real parts. One of the pair exhibits a characteristic s imilar to that shown in Figure 13 
(asymptotic to a line of zero db/ decade slope and zero attenuation and to a line of plus 20 
db/decade slope pas s ing through zero db attenuation at w =W

0
). The other of the pair has the 

asymptotes just described but does not drop to minus infinity at w = w0 as does the corres­
ponding curve of Figure 13; instead, a maximum attenuation of finite value controlled by the 
value of a appears near w= w0 • 

The procedure used in evaluating the magnitude of each of the complex conjugate 
factors is as follows: Consider an equation of the general form 

. u2 + Ku + 1 = 0. 

The r oots of equation (17) are 

K - • ~ u = - - * J Vl - ~ 
2 4 

(17) 

(18) 

in which the discriminant, 1 - (K2 /4), is a positive real number for all values of jKj < 2. 
Write the two parts of (18) in factor form and collect reals and imaginaries as follows: 

(19) 

Substituting for u the equivalent value,j (wlw0 ), 

(20) 

The magnitude of each te rm is given by the square root of the sum of the squares of the 
real and the imaginary coefficients. Thus. 

[ [io]' + ~[*a]+, n[ ~o]' - ~•[:u] + r-0. (21) 

Finally, 

A08 = 10 log., [ [-Yo]' + P, [to]+,] 

+ 10 log r [~ ] 2 

,ol Wo -Pl w~l + , ] · (22) 

The attenuation associated with the four parts of a together with the overall charac­
teristic computed for the bridging-r esis tance parameter value a = 10, (with l + co), are 
given in Table 5 and shown in Figure 21. Figure 22 is a family of curves showing the effect 
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of varying the value of a (data in Table 6). Note that for reasonably la::.-ge values of a, 
the effects due to bridging are essentially confined to the region of maximum attenuation. 

Equation (15) reduces to the following for the finite load resistance specified by l = 1: 

[ 
2 + a ] [ u2 + u [ f · W,] + 1] 

a = 2 + 3a ru2 [ 2 +a] + u [6a2 + Sa + 4] + l] . 
L' L2 + 3a L 3a 2 + 2a 

(23) 

A family of curves for various values of a based on equation {23) is given in Figure 23 
{data in Table 7). A comparison of the peak attenuations for the same value of a as shown 
in Figures 22 and 23 indicates that this important value is sensitive to the magnitude of 
both L and a. As a design aid, data for the curves of Figure 24 have been computed to aid 
in simultaneous selection of the maximum attenuation value and the values of the load resist­
ance and the bridging resistance. 
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Fig. 24 - Peak Attenuation - Design Data 

SPECIAL CASE NO. 1 

g = 0.01, m = 10, a~ OOt l= 100 

Without unusual effort in a practical application of the network, it is possible to 
achieve the values of generator and load resistance specified by g = 0.01 and l = 100. It 
is also feasible to produce a network designed with m = 10. The application here involved 
no bridging resistance, and the transfer characteristic obtained shows nearly the upper 
limit of selectivity that may be expected experimentally. The attenuation characteristic 
is plotted in Figure 25 and data tabulated in Table 8. 
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Fig. 25 - Special Case No. 1 

SPECIAL CASE NO. 2 

g = 0.001, m = 1, a= 15 l = 2 

The values of the parameters given above specify a network used in a servo system 
application wherein the error signal appeared as an amplitude-modulated carrier voltage. 
The network served to suppress the carrier to a greater extent than the sidebands, thereby 
compensating for s ystem deficiencies and reducing "velocity" and "acceleration" errors. 
The portion of the attenuation characteristic as shown in Figure 26 having most importance 
lies in the region w/w0 = 1/2 to w/w0 = 3/2 as no usable intelligence beyond these limits 
is transmitted by an amplitude-modulated carrier voltage. An improvement in the above 
design is the subject of a later discussion. Data for Figure 26 is tabulated in Table 8. 

Fig. 26 - Special Case No. 2 



SPECIAL CASE NO. 3 

g = 0.01, 
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Fig. 27 - Special Case No. 3 

m = 10, a= 10, 

19 

l= 0.1 

Extreme values of the parameters lead to wide variation from the null-type charac­
teristic usually associated with a parallel-T network, and in special instances the added 
circuit complication may be justified. An illustration is that of Figure 27 plotted from 
data tabulated in Table 8. In this case, the shift in the frequency of maximum attenuation 
occurring for all cases where gt O and lr+oo is apparent. 

SPECIAL CASE NO. 4 

g = 0.001, m = 1, a= 40, l= 5 

Network-response calculations for the above case were made in connection with a 
design for~ selective amplifier wherein a bridged parallel-Twas used to provide a narrow 
band pass rather than response to a single frequency. The attenuation characteristic is 
given by Figure 28 from data in Table 8. 

Fig. 28 - Special Case No. 4 
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SYMMETRICAL SIDEBAND TRANSMISSION 

The bridged parallel-T network has been found to exhibit a transmission char~cter­
i stic that is, in general, sui ted to servo system applic::itions where the servo system em­
ploys a modulated carrier data-transmission system. If the frequency of maximum 
attenuation is made to coincide with the servo system carrier frequency, the resulting 
greater suppression at the carrier than at sideband frequencies can be used to equalize 
the response of the system to these sidebands and to produce a general improvement in 
servo system frequency response. A symmetrical u:;;>per and lower sideband transmission 
through the network is highly desirable, as is control of the relative magnitude of carrier 
and sideband attenuation. 

A study of the attenuation characteristic for special case No. 2 as shown in Figure 26 
reveals a greater attenuation for frequencies above w0 than for those a corresponding 
number of cycles below w0 • A change in the values of the network parameters that results 
in an increased attenuation for w < w0 and a decreased attenuation for w>Wo is needed. From 
considerationof Figures 18 and 19, it is noted that a decrease inthevalueofeither l or g 
produces an effect in the desired direction. Zero generator resistance can be approached 
experimentally and will be assumed. If m is set equal to unity, there remains the deter­
mination of suitable values for l for several values of a . Equation (15) applies for the 
stated conditions. Repeating, 

a = f(L, a), g = o, m = 1 

Cl= 

u2 + u [...i. ~ +~ + 2] + [1 + 2 • a J 
a a + 2 a + 2 l] T a+2 

To rearrange equation (15) to a suitable form, first let 

We= carrier frequency, radians/ second, 

ws = sideband frequency, 

Ws
1 

= lower sideband frequency, 

Ws2 = upper sideband frequency, 

s = the ratio Ws/wc, 

s1 = the ratio ws/"c• and 

s2 = the ratio ws
2
/Wc• 

In equation (15), the variable 

(15) 

u = pCR = j J>o = j ~~ = js (24) 

at any particular modulation frequency. If js is substituted for u in equation (15), 
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O'= 
[ 1 - s2] + j l....i. . 1 + a] s 

,.a 2 + a 

[1 + 2a ~ a sa t (2 + a) 
+j[~-~ + 

a 2 + a 
4a 2] --+- s 

2 + a l 

The attenuation implicit in equation (25) is given by 

Define 

/a/= 
16 

1 - 2s2 + s• +-
2 

[
l a ] 2 

+ l(2 + a) a J 2 [ 4 - 2 1 + -l(-2-+-a-) s + s• + -; • 

c5 = ~ [..!....::..!.] 2 - 2' 
a2 

, 2 + a 

~ =[4 . ~ +~ + 2]2 - 2 [1 + 
[a 2 + a 2 + a /J b J l(2 + a) ' 

[ 2a J 2 

~ = 
1 + l( 2 + a) ' 

and rewrite equation (26) to read 
I 

ja)= [s• + c,s2 + 1] 2 

[s• + ~ s2 + ~J i 

2 

s2 

21 

(25) 

· (26) 

(27) 

We desire equal attenuation at a given number of cycles below and the same number above 
the carrier frequency. Accordingly, for 

If the value of the parameter a is specified, the coefficients c5, ~, and 1; become 
functions of l. Then, after specification of s 1 and s 2 , equation (28) conbtins only constants 
and the parameter L. Pairs of values for a and l may be found in this manner. 

On the presumption of a 60-cycle carrier, a suitable value of modulation frequency is 
10 cycles per second. On this basis, 

50 
S1 = - , 

60 
(29) 



22 NAVAL IIIIKAIICH LABOIIATOIIY 

Fig. 29 - Equal Sideband Designs 

Three pairs of values for a and l were computed and the corresponding attenuation da.ta 
compiled (Table 9 and Figure 29). The special features of the network characteristics 
shown by the curves of Figure 29 are not well displayed by a logarithmic abscissa scale. 
When the curves are plotted with a linear scale for w/w0 (Figure 30), the exact equivalence 
for the upper and lower sideband attenuation at 10 cycles per second is apparent as is the 
excellent agreement over the general range from zero to approximately 15 cycles per 
second. In practical servo system applications of the bridged parallel-T, the character­
istic shown for the upper curve is more desirable than that corresponding to the vthers, 
although for the upper curve the attenuation ts much greater at all frequencies. The 
greater attenuation at all frequencies dues not make the design unusable since additional 
amplification at all frequencies is usually easily obtainable. 

I . :I 
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:: .. I'. .. .. :';;1-. cy •,.,-\.jl••L,~'-' ~ J:l.! .. , __ -_' _ _j__:; 

Fig. 30 - Symmetrical Sideband Designs Shown on Linear Modulation Frequency Scale 
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PRACTICAL DEVIATIONS FROM DESIGN VALUES 

Successful practical realization of a selected transfer characteristic requires the 
procurement of a relatively large number of components, each within close tolerance of 
the calculated design value. The basic parallel-T network in its most general form is 
shown in Figure 31. 

R eR 

2 

3 

. Fig. 31 - Generalized Parallel-T Network 

In terms of the R and C at the input terminal, 1, and the parameters d, e, f, and h, 
the transfer characteristic is given by 

(l: 

eh 
u3-

df 
(e + 1) 

+ u 2 h (e + 1) + u ~ (d + 1) + 1 
d d (30) 

+ 1 

where u = pCR = j wCR. The details of the derivation of equation (30) are given in Appendix 
IV. The conditions for a null are found by setting the real and the i maginary parts of the 
numerator of equation (30) each equal to zero. The resulting relations are 

(31) 

and 

WO = _1 1 /f(d + 1) (32) 
CR y- e 

To obtain the desired specification of w
0 

equal to 1/CR, it is necessary that 

h = _d_ (33) 
e + 1 

and 

f = e 

d + 1 
(34) 

c:: 
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For the values of h and f given in equations (33) and (34), the transfe:r characteristic 
given by equation (30) reduces to 

ct = u2 + 1 

u2 w d+ lj + 1 +u +--e- (35) 

or 

O= u2 + 1 
u2 + u [f; h] + 1 

(36) 

A straightforward procedure based upon the foregoing equations by which the con­
struction of the null parallel -T network can be simplified is as follows: 

Step 1. Select transfer characteristic and calculate values of R and C from the 
specified values of m, a, l , g, and w , taking due regard to limitations imposed by 
the circuit within which the network is ~o operate and the desirability of sma11 physical 
size of components. Usually, either the R or C may be obtained as a single unit and the 
other trimmed to meet the frequency requirement. 

Step 2. Obtain components as conveniently near the calculated values of eR and C/d 
as possible and from measurements of the components, compute e and d. 

Step 3. Use the formulas h = d and f =_e_ to compute the values required 
for the components C/f and hR. e + 1 d + 1 

The above procedure reduces the number of components that must be made a specific 
value from six to three. 

CONCLUSIONS 

The bridged parallel-T network, a passive resistance-capacitance network operated 
between a generator having resistance and a resistance load, has been analyzed and the 
&teady-state frequency -response characteristics have been shown by equations and families 
of curves. The effects of the four parameters consisting of network-symmetry parameter, 
bridging-resistance parameter, generator -resistance parameter, and load-resistance 
parameter have been explored and special cases studied in the presentation of the general 
theory of the network performance. A new design in which the upper and lower sideband 
transmission characteristics are matched has been developed for application in suppressed­
carrier servo systems. A procedure for use in the practical construction of parallel-T net­
works has been given. From the study reported here it is concluded that by proper design 
the bridged parallel-T network may exhibit any of a wide range of desirable transfer 
characteristics. 
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APPENDIX I 

ESTABLISHMENT OF NULL CRITERIA 

From general network theory, the T-to-1r conversion formulas by which Za, Zb,and Zc 
may be computed are 

(37) 

From equation (4) it is seen that only the quantities entering into z
13 

and Zy are needed. 
Proceeding, 

n 
mR2 + (m + 1) R pC 

_!!_ 
pC 

= (m + 1) p + pCR n(m: 1)] R. 

m +m+l nR 
~ ~-zb --------­

nR 

=~[l+pCR n(m~l)]R. 

D p2C2R2 

The paralleled combination of Zb and Zb is found as follows: 

n 

...R. 1 m p2c2R2 
= + 

n(m + 1) Z13 {m + 1) [ 1 + pCR n(m X: t)] 1 + pCR m 

(m + 1) [ 1 + pCR n(m n;_ l)] 
[ n(m + 1)] 1 + pCR R 

z m = 
(3 n(m + 1) 

+ pCR 
n(m + 1) 

+ 1 p3C3R3 + p2c2R2 m m 

27 

{38) 

(39) 

(40) 

c;:; 

r­
;;-..,., 
c,n -""" 
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Again, using equations (37), we find 

2 n 
m R + (m + 1) R -C 

z = p 
C R 

z' 
C 

= n{m + 1) 

m 

= 
p2c2 

[1 + pCR n{m: 1)] 
pCR 

+ m + 1 --· nR 
pC 

1 
pC 

n{m + 1) 
1 + pCR m 

R. =m 
pCR 

R. 

The paralleled combination of Zc and Z~ , which is Zy, is found as follows: 

pCR 
n(m + 1) 

m 
1 + pCR n{m + 1) 

+ 

1 + pCR n(m; 1) 

(41) 

(42) 

(43) 

From equation (4), we see that the product of the numerator of equation (43) and the de­
nominator of equation (40) is to be set equal to zero. Accordingly, 

[1 + pCR m ] [1 +pCR n(m; lfl · l,p3C1 R3 +p2C2R2 
· n(m+l} · J L' n(m+l) +pCR n(m+l) + 1]= o 

m m 
(44) 

Setting 

pCR = [ to]= j, (45) 
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equation (44) reduces to 

[
l +. m 7 [1 +. n(m+l)l [1 _ n(m+l) +. n(m+l) - m] = o. 

J n(m + 1)j 1 m J m 1 m 

Both the real and the imaginary components reduce to 

n2(m + 1)2 _ n(m + 1) 
m2 m 

which is equal to zero for 
m 

n = m + 1 

m 
+ 1 - ---,-----,­

n(m + 1) 

29 

(46) 

(47) 

c::: 
z 
~ 
r,-

> 
VI ..,, -..,., ...., 
m, 

'P 





APPENDIX II 

DETERMINATION OF RETUNING-RESISTANCE PARAMETER 

The two T configurations of Figure 11 may be separately converted to equivalent-1r 
sections using the formulas of (37) and Figures 32 and 33. 

R mR 

z, Z2 2 

23 Tm~, ~c 

3 3 

Fig. 32 - Two-Resistor T-to-11' Transformation 

I J!!.... 
pC pC 

?--1--f-----1 1 z; Z2 

3 3 

Fig. 33 - Two-Condenser T-to-1r Transformation 

For the T of Figure 32: 

za = [ m R
2 

+ m ~ 1 P~ (m + 1) R] rok , 

= 

z = 
b 

1 + pCR . R . 
pCR 

m [ 1 + pCR ] R2 
pCR 

m .....1.. 
Ill+! pC 

= (m + 1) (1 + pCR) R. 

31 

(48) 

(49) 

• 
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Z = m [ 1 + pCR]. R. 
c pCR 

For the T of Figure 33: 

Z' = a _fil 

pC 

= r 1 + pCR ] . R. 
[ pCR 

zb m(l + pCR) R2 
= 

p2C2R2 

1 
pC (m + 1) R 

m + 1 1 

m R 

[ 1 + pCR] (m + 1), 2 . R. 
(pCR) 

m m 1 
(m + 1) R + - -

z' 
p2c2 m + 1 pC = C 

_!__ 
pC 

= [ 1 + pCR j 
m pCR ' R. 

The next conversion is from the T between terminals 1, 2, and 3' to an equivalent -1T 
section. See Figure 34. 

z' a 

3' 

z' C 

3' 

Fig. 34 - T-to-1r Transformation Including b R 

(50) 

(51) 

(52) 

(53) 
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Thus, 

Zu = = 1. [ 1 + pCR] . R. 
2 pCR 

_ m [ 1 + pCR] . R. 
2 pCR 

Zs31 = bR. 

The T-to-1r conversion formulas are similar to equations (37) as follows: 

Solving for ZA, Zs, and Zc we have 

ZB _ Im [l+pCRl
2 

+ m+l [l+pCRll R 
- L4b pCR j ---r- pCR jJ ' 

= ~ { (1 + pCR) [1 + pCR 
4b (pCR)2 

(1 + 2b m ~ 1]]} 
R. 

The circuit of Figure 11 has 
been converted to that shown 
at the left in Figure 35. The 
final conversion is to that shown 
at the right i.n this figure. 

Fig. 35 
Final Transformation 

2 

3' 

33 

(54) 

(55) 

(56) 

(57) 

(58) 

(59) 

(60) 

Zo 
2 

3' 
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(61) 

Substitution in equation (61) of the indicated quantities from equations (59), (49), and (52) 
gives 

where 
~ = pscsRs r. __ 1_ 

Lm + 1 
2b] 2 C2R2 [4b 1 +- +p - +--
m m m+l 

+ pCR [-1- + 2b + _:_ + ~ . m + fl+[___!__ + (] • 
m + 1 m a a m J Lm + 1 aJ 

The transfer characteristic may be found from the expressions for Zc and Zn for 

CL= 

Let u = 

CL= 

where 
~= 

Eout 
Ein 

+ u I_____!_ + 2b + j_ + 2b. m + 1] + r_1 + iJTT 
L m + 1 m a a m [m + 1 a lJ 

{62) 

(63) 

(64) 

u3 
[ 

1 . +2bl ni+I m 

_ 1_+ ..! 
m+i a 

+ u2 
[ 

_ 1_ + 4b + ..!.+ 2b . m + 1 + .±_ ] 
m+l m a a m m 

_ 1_+! 
m+l a 

[ 

_1 + 2b +~ + 2b . m + 1 + 1 ] 
m+l m a a m m 

+ u +l 
_l_+l 
m+l a 

(65) 



NAVAL R E SEARCH LABORATORY 

As defined by equation (65), a is of the form 

a= A+ jB 
C+ jD 

n - - tan -
f -l B -1 D 

A C 

For u = pCR = j -Ho- = j and zero phase shift, 

J! = D or CB = AD • 
A C 

35 

(66) 

(67) 

The equality indi'.!ated by equation (67), upon substitution of the corresponding terms from 
equation (65), becomes 

[ 1 + .!_ __ 1_ _ 4b _ _! _ 2b . m + 1 _ ~ l . I 1 + 2b + _! + 2b . m + 1 __ 1_ _ 2b] 
~+1 a m+l m a a m nij lm+l m a a m m+l m 

= I =1-. + .!. _ =1, _ 4b _ .!. _ 2b. m + 1] . [-1- + 2b + ~ + 2b . mm+ 1 + m2 _ m +\ _ 2mb] 
Qn+.1 a m+.1 m a a m m+l m a a 

From equation (68), the desired relationship is found to be 

b m 
= 2a 

(68) 

(6) 
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APPENDIX III 

GENERAL EQUATION FOR TRANSFER CHARACTERISTIC 

In Appendix II, an equivalent-n was derived that simplifies the determination of the trans­
fer characteristic for the circuit of Figure 12. Based on Figure 36, the principle of suc­
cessive voltage divider action is used to determine the ratio of the output voltage to the 
input voltage. 

gR 

Fig. 36 - Circuit for Transfer-Equation Determination 

Thus, 

(69) 

~ z + 
D l + Z 

C 

From equations (58) and (60) it is seen that 

(70) 

37 
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Equation (69) reduces to the form 

a= Lm Z 

Z£ [m(g+l +Zn)] +ZA [gl(m+l)+Zn(gm+l) (71) 

into which the quantities Z A and Zn must be substituted. Replacing b by E!.. in equations 
(58) and (62), we have 2a 

[
1 + u [ m + 1 +a~] 

. R, 
u 

and 
Zn= 

u2 [ m + 1 +a]+ u r:.m + 1 + 2a] + [m + 1 + al R. 
(m + 1) a L a2 (m + 1) a J 

l+u [m+l+aJ 

For greater ease in manipulation, let 

q= m + 1 + a 
a 

and write 

and 

ZA = ~. R 
2u 

Z 
_ m + 1 

D - q 

1 + uq 
R. 

(72) 

(73) 

(74) 

(75) 

(76) 

Straightforward substitution into equation (71), collection of terms, and replacement of 
substituted quantities with the equivalent forms in terms of the basic parameters of the 
circuit result in the transfer characteristic specified by equation (8). 



APPENDIX IV 

DERIVATION OF PRACTICAL DESIGN EQUATIONS 

The transfer characteristic for the network of Figure 31 is obtained in a manner 
identical to that shown by Figures 8, 9, and 10 and by equation (1). See Appendix I for 
detailed procedure. For the network of Figure 31 the equivalent quantities are 

Za = [ 1 + u 'i• : 1) ] R 
u f(e + 1) 

(77) 

zb = (e + 1) [1+u e ] R 
f(e + 1) 

(78) 

Zc = e Za (79) 

Z' = [l••: d:1 JR 
a 

(80) 

. : [ 1 +uh [d ~ 1]] 
Z' R 

b u2 
(81) 

Z' 
C 

= d Z' a 
(82) 

Only the paralleled combinations of z 13 and Zy are needed. Thus: 

zb zb 
z/3 = zb + zb 

[ 1 + u 
f(e : 1)] 

[1+u h d:l] 

z /3 R (83) = 

3 
eh h h (d + 1) 1 

u fd(e + 1) 
+ uz +u +--

d d (e + 1) e + 1 

39 
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Zy = Zc Zc 
zc + z~ 

[ 1 +u f(e : 1J [1 + u h d ~ 1] 
Zy = R. 

u [ _l + 1 + u [ h d + 1) + e J] 
d f(e + 1) fd e + 1) df(e + 1) 

The transfer characteristic is given by the following in which the 
numerator and the D stands for denominator: 

a = __ Z_.y.__ 

z,, + z
13 

ZYN 
Zyp 

(84) 

N stands for 

(85) 

Since the numerators of equations (83) and (84) are identical, we have_ 

a zf3D Z13n 

tzf3Nl zf3D + Zyn 
z{3D + ZYD --

ZYN 
and upon substitution, 

a = eh 
U3-

fd 

u3 eh + u2 ..!!. (e + 1) + u .E.. (d + 1) + 1 
M d d 

Equation (87) is equation (30) of the text. 

(86) 

1 e + 1 
+- +-- +1 

f d 

(87) 



TABLE 1 

APPENDIX V 

TABLES OF DATA 

TABLE 2 

Basic Terms for Un-Bridged Network Data for Figure 15, Based on Equallon (10) 

1 + w/Wc,; Aos = 20 log,o j1 + w/wol ,B = o 
l - w/w0 ; AoB = 20 log,o ll - w/w0 [ 

Aos < 0 for w/w0 < 2 B = 0 for wfwo< 1 

a= f(m), a+00, l.+ oo, 

w/w0 m+oo m = 10 m = 1 m = .1 

AoB > 0 for w/w0 > 2 B = 180 for w/w0 > 1 .01 .00 .00 .01 .20 

1 . AoB = -10 log,0 11 + (w/w0J'I , B = -tan_, (w/w0) 
1 + p/w0 ' 

.05 .04 .05 .04 3.46 

.1 .17 .21 .65 7.75 

.2 .69 .82 2.29 13.43 

w/w0 

(1 + w/w0 ) (1 - w/w0 ) (1 + < 'woL.'._ 
AoB B Aos B Aos B 

.4 2.71 3.02 6.55 20.36 

.5 4.44 4.98 9.09 23.35 

.6 6 .58 7.20 11.78 26.31 

.7 9.32 10.05 14.94 29.61 

.01 .086 0 - .087 0 - .0004 - 0.6 

.OS .423 - .446 - .0026 - 2.8 

.1 .828 - .915 - .0432 - 5.7 

.2 1.584 - 1.619 - .1703 -11.3 

.4 2.922 - 4.436 - .6445 -21.8 

.5 3.522 - 6.021 - .9691 -26.5 

.6 4.082 - 7.959 - 1.3353 -31.0 

.7 4.616 -10.457 - l.73186 -35.0 

.8 5.105 -13.979 - 2.148 -38.7 

.9 5.575 -20.000 - 2.577 -42.0 
1 6.021 - O<> 0,180 - 3.0103 -45.0 
1.2 6.848 -13.979 - 3.8739 -50.2 
1.4 7.604 - 7.959 - 4. 7129 -54.5 
1. 7 8.627 - 3.098 - 5.8995 -59.5 

.8 13.17 13.96 19.03 33.79 

.9 19.58 20.39 25.56 40.37 
1 00 00 00 00 

1.2 14.88 15.68 20.79 35.57 
1.4 9.78 10.53 15.44 I 30.14 
1. 7 6.27 6.99 11.44 25.95 
2 4.44 4.98 9.09 23.35 
3 1.94 2.26 5.12 18.40 
4 1.08 1.32 3.30 15.51 
6 .48 .67 1.67 11.83 
8 .27 .32 1.00 9.45 

10 .17 .21 .65 7.75 
50 .00 .01 .03 .78 

100 .00 .00 .01 .20 
2 9,542 0 - 6.9897 -63.4 
3 12.041 + 6.021 -10.0000 -71.6 
4 13.981 + 9.542 -12.3045 -76.0 
6 16. 902 +13. 979 -15.6820 -80.5 
8 19.085 +16.902 -18.1291 -82.9 

10 20.828 +19.085 -20.0432 -84.3 
50 34.151 +33.804 -33.9794 - 88.9 

100 40.086 0 +39.000 180 -40.0004 -89.4 

41 
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TABLE 3 TABLE 4 

Data for Figure 18, Based on Equation (12) Data for Figure 19, Based on Equation (14) 

m = 1 a= rm, a+ oo , g = o, m = 1 

. 01 

.05 

.1 
.2 
.4 
.5 
.6 
.7 
.8 
.9 

1 
1.2 
1.4 
1.7 
2 
3 
4 
6 
8 

10 
50 

100 

.01 

. 17 

.66 
2.29 
6.56 
9.10 

11. 79 
14.94 
19.03 
24.76 

00 

20.80 
15,45 
11.45 

9.10 
5.13 
3.32 
1.70 
1.03 

.69 

.06 

.04 

,.,. .. 
. 20 
.75 

2.57 
7.10 
9.71 

12.46 
15.67 
19.81 
26.39 

21.64 
16.48 
12,62 
10.40 
6.83 
5.33 
4.08 
3.59 
3.36 
2.93 
2.93 

TABLE 5 

g= .5 

.01 
33 

L23 
3.80 
9.22 

12.07 
15.01 
18.37 
22.65 
29.36 

00 

25.11 
20.10 
]6. 59 
14.67 
11.95 
10.92 
10.17 
9.90 
9.78 
9.55 
9.54 

w/wo 

.01 
.05 
.1 

. ,. .2 
.4 
.5 
.6 
.7 
.8 
.9 

1 
1.2 
1.4 
1. 7 
2 
3 
4 
6 
8 

10 
50 

100 

Data for Figure 21, Based on Equation (16) with a = 10 

u• + u .190909 + 1 

w/w0 

.Cl 

.05 

.1 

.2 

.4 

.5 

.6 

.7 

.8 

.9 
1 
1.2 
1.4 
1.7 
2.0 
3.0 
4.0 
6.0 
8.0 

10 
50 

100 

a=-------
u• + u 3.82727 + 1 

Numerator: K = .190909 (See Equation 22) 
Denominator: (1 + p/ .282)(1 + p/ 3.545) 

a = 10, l +oo, g = o, m = 1 
r,umerator DB Denominator DB 

1st T erm 2nd Term 1st Te rm 2nd Term 

.08 - .09 - .00 - .05 
.42 - .44 - .00 - .12 
.82 - .90 - .00 - .48 

1.56 - 1.89 - .02 - 1.66 
2.90 - 4.28 - .06 - 4.56 
3.49 - 5. 74 - .09 - 5. 91 
4.05 - 7.44 - .13 - 7.14 
4.57 - 9.44 - .18 - 8 .25 
5.07 -11. 73 - .24 - 9.26 
5.54 -13.92 - .33 -10.17 
5.98 -14.69 - .36 -11. 00 
6.81 - 10.93 - .51 -12.-48 
7.57 - 6.83 - .68 -13.'76 
8.59 - 2.62 - .97 -15. 38 
9.51 + .28 - 1.29 - 16.'76 

12.01 + 6. 13 - 2.49 -20.23 
13.96 + 9.61 - 3,76 -22. '11 
16.88 +14.01 - 6.13 -26.22 
19.07 +15.93 - 8.14 -28. 71 
20.82 +19.10 - 9.83 -30.65 
34. 15 +33.81 -23.35 -44.63 
40.09 +39.91 -29.36 -50.65 

aDB 
(Minus) 

.05 

.15 

.60 
2.00 
6.00 
8.25 

10.67 
13.30 
16.15 
18.89 
20.08 
17.11 
13. 70 
10.38 
8.25 
4.58 
2.91 
1.46 
.86 
.56 
.02 
.01 

l +oo L= 10 l = 2 l = 1 

.01 1.59 6.03 9.54 

.04 1. 72 6.10 9.60 

.65 2.11 6.51 9.77 
2.29 3.47 7.46 10.44 
6.55 7.33 10.28 12.82 
9 . 0t, 9.75 12.37 14.69 

11.78 12,.>« 14.55 16.87 
14.94 15.47 l"l.«Q 19.64 
19.03 19.52 21.40 23.44 
25.56 26.02 27.78 i'}.~'! 

00 00 00 00 

20.79 21.19 22.73 24.48 
15.44 15.82 17.26 18.89 
11.44 12.89 13.11 14.64 
9.09 9.40 10.63 12.07 
5. 12 5.35 6.32 7.50 
3.30 3.48 4.23 5.20 
1.67 l.78 2.25 2.89 
1.00 1.0·1 1.37 1.81 

.65 .70 .9?. 1.~3 

.03 .03 .04 .06 

.01 .01 .01 .01 

TABLE 6 

Data for Figure 22, Based on Equation (16) 

a = f(a), l+oo , g = o, m = 1 

w/w0 a= 50 a = 20 a = 10 

.01 .01 .01 .05 
.05 .17 .15 .15 
. 1 .62 .60 .60 
.2 2.22 2.13 2.00 
.4 6.52 6.32 6.00 
.5 8.94 8.69 8 .25 
.6 11.60 11.29 10.67 
.7 14.73 14.27 13.30 
.8 18.74 17.94 · •o.15 
.9 24.77 22 :.·, 18.89 

l 33.78 25.76 20.08 
1.2 20.44 19.14 17.11 
1.4 15.23 14.74 13.70 
1.7 11.27 10.85 10.38 
2 8.93 8.69 8.25 
3 4.90 4.86 4.58 
4 3.21 3.09 2.91 
6 1.61 1.55 1.46 
8 .96 .92 .86 

10 .63 .60 .56 
50 .02 .03 .02 

100 .01 .01 .01 
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TABLE 7 TABLE 8 

Data for Figure 23, Based on Equation (23) Special Cases No. 1, No. 2, No. 3, and No. 4 

a = f(a), l = 1, g = 0, m = 1 F ie. 25 26 27 28 
w/w

0 a = 10 a = 20 a = 50 m 10 1 10 1 
a oa 1,; ,n 40 

.01 8.52 9 .00 9.32 1 100 2 0.1 5 

.05 8.58 9.06 9.37 g 0 .01 0.001 0 .01 0.001 

.1 8.76 9.24 9.54 

.2 9.47 9.93 10.23 

.4 11.99 12.45 12.73 
w/w

0 
Attenuotion In Decibels 

.5 13.70 14.22 14.51 .01 0 .91 5. 50 34.52 2.81 
,6 15. 70 16.36 16.69 .05 0.96 5.57 34.61 2.92 
.7 18.02 18.99 19.82 .1 1.10 5.81 34.73 3.24 
.8 20.63 22.38 23. 17 .2 1.69 6,69 35.17 4.40 
.9 23.13 26,82 29.03 .4 3.99 9.67 36.40 8 .01 

1 24.19 30.10 37.99 ,5 5. 71 11.62 36.97 10.21 
1.2 20.96 23.15 24.16 .6 7,87 13.88 37.41 12.73 
1.4 17.34 18.31 18.73 .7 10.68 16.55 37. 71 15.73 
1. 7 13.75 14.26 14.51 .8 14.54 19.79 37.85 19.63 
2 11.41 11.76 11.96 .9 20.95 23.55 37.86 25.47 
3 7.08 7.28 7.40 1 00 25,75 37.65 32.42 
4 4.87 5.02 5. 13 1.2 17.73 20.57 37.29 21.10 
6 2.68 2.78 2.84 1.4 13.17 16.33 36.64 15.93 
8 1.69 1.73 l. 78 1. 7 9.33 12.53 35.53 11.92 

10 1.13 1.17 1.20 2 5.32 10. 15 34.44 9.55 
50 .05 .05 .05 3 3.04 6.00 31.31 5.48 

100 .01 .01 .00 4 1.52 4.00 28.93 3.58 
6 0.79 2.12 25.49 1.96 
8 0.53 1.30 22.93 1.12 

10 0.40 0.90 20.21 0 .75 
50 0.20 0 .04 8.04 0 .07 

100 0.19 0.04 4.11 0 .04 

TABLE 9 

Symmetrical Sideband Transmission Designs 

Design} 60-Cycle Carrier Frequency 
Values 10-Cycle Modulation Frequency 

a 20 15 10 
l 0.1763 0.32125 0.9776 

m 1 . l l 

g 0 0 0 

wlw0 
Attenuation in Decibels 

.01 21.08 16.25 8.73 

.05 21.11 16.29 8.79 

.l 21.23 16.43 8.97 

.2 21.70 16.94 9.66 

.4 23.56 18.95 12.30 

.5 25.98 20.44 13.83 

.6 26.83 22.31 15.82 

.7 29.19 24.66 18.13 

.7~ 30.62 26.04 19.40 

.8 32.36 27.62 20.72 

.83333 33.62 28.77 21.61 

.9 36.61 31.15 23.21 

.91667 37.33 31.73 23.52 
I 39.72 33.16 25.27 
1.08333 37.15 31.59 23.39 
1.16667 33.60 28.77 21.74 
1.2 32.41 27.76 21.04 
1.25 30.85 26.42 20.02 
1.4 27.34 23.17 17.41 
1. 7 23.02 19.06 13.82 
2 20.27 16.43 11.47 
3 15.09 11.48 7.10 
4 12.16 8.74 4.92 
6 8.60 5.58 2.71 
8 6.44 3.88 1.69 

10 4.98 2.89 1.14 
50 .32 .14 ,05 

100 .06 .02 .02 
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