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A study of double T-networks, triple T-networks and quadryple T-networks has been
made. These have been obtained by taking two double T-netwarks of different resonant fre-
quencies and putting them in parallel in all possible combinations. The resonant frequencies
of the combinations are obtained from the formula derived. The nine combinations that are
obtained can be used by means of the given switching system for producing & variable
slope filter with & variable pass band useful in narrow band transmitters and high fidelity
preamplifiers, ‘

" Twin-T RC-networks are useful in narrow band selective amplifiers and low fre-
quency stable oscillators. Considerable amount of work has heen done on these networks
by several workers. Cowels! derived: a relationship- in terms of the input and output
impedances, the resonant frequency of parallel T RC-networks for equal losses at low as
well as high frequencies and showed that the symmetrical parallel T has characteristics
similar to a single series resonant eircuit. Wolf? showed that by introducing symmetry
in a parallel T RC-network operating with zero source and infinite load' impedances, a
better discrimination could be obtained. By varying the shunt resister in a* parallel twin-T
RC-network, a variable resonant frequency can be obtained and this arrangement was
suggested by Hastings® ‘for having a stable RC-oscillator or an amplifier. of variable re-
sonant frequency. Bowers! found that by varying both ‘the shunt armsin the Ts, keeping
RC constant, the resonant frequency remains constant. By varying RC, not only a shift
in frequency is obtained but also the regenération can be controlled with a shift in phase
which becomes less than 90° for an increased product RC. Frequency relective twin
RC-networks have been used by Stanton®in feedback amplifiers to improve @ of the
filter. The amplifier has a gain characteristic which is approximately the inverse of the
equivalent series resonant circuit. A method of analysing three terminal RC-networks
has been given by O’Dell® by drawing the simple equivalent circuit and calculating the
value in terms of circuit constants.

Miller” has used a twin-T producing a variable slope low pass filter which is very useful
in narrow band transmitters because it attenuates very much all frequencies above a
specified value to avoid excessive bandwidth. High fidelity preamplifiers also require high
attenuation for frequencies beyond the pass band above a specified frequency. Filters of
this type make use of inductances with their disadvantages. Miller uses an RC filter with
the same results. A filber with a pass band below a particular frequency f, corresponding
to the resonant frequency of the twin-T can only be obtained. For filters with different
pass bands different twin-Ts will have to be used. A method is given in this article by which
two twin-Ts of different resonant frequencies can be used to obtain nine combinations
covering a wide range of frequencies, the individual frequency of any such combination
being calculated from the formulae given. A common relationship for any number of
T-networks in parallel is given in Appendix 1 and its application to various combinations
in Appendix 2. ~ '
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EXPERIMENTAL PROCEDURE

The values of Cx , Co and R, will have to be altered in Miller’s circuit for the desired
response, For convenience, the filter circuit used by Miller is reproduced along with th
two twin Ts and the switching eircuit for producing sine different combinations in Fig. 1.

Function of the Switching Cirouit—T and T, are the resistance and capacitance arms of
the first twin-T, and 7', and T, are the resistance and the capacitance arms of the second
twin-T. 7 is connected between terminals 1 and 5, T, between 2 and 6, T3 between 3 and
7 and T, between 4 and 8. All the four wafers containing the various contacts are mounted
on a common shaft. The connections are made in such a way that for a clockwise rotation
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Fia. 1—Variable slope filter circuit with variable pass band.
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of the switch from its off position, various T's are included giving resonant frequencies in the
increasing order. The combinations and their resonant frequencies are given in Table 1.

o

 TapLzl » \
8erial No. T—combination Resonant frequi;ncy ’
1 T, T, T, 10-07 Kc/f
: . :

L2 T, T, 13381 ,,
' 3 ' T, T, T, | 13-66. ,,
4__.1 . ST 'fz : _ 15-92
N 5 'T, T, T, T, 16-80 ,
6 . . Ty T, S 118,

7 Ta T, - o 21-24 ,, -
8 ﬁ Com T, T, 22-31 ,,

B

9 S T, T, : 22+56

Resonant freqzwnczes of different combinations of T—netwwks—Tmn—Ts—-The case of a
~ simple RC twin-T, shown'in Fig. 2, is considered and its resonant frequency is given by

Wo= RIO ~— Which is the same as obtained by any other method Substltutmg the values for

R,=100 k .and Cr—100 pF, fm =15-92 Ke/s and the expermental value for f,n is 16
Kc/s. A sécond twin-T, with values of R,=59-5 k and C,=150 pF gives a resonant fre-
quency fg, = 17-8 Kc/s and the corresponding experimental value is 17-75 Ke/s. In both
the cases, the amplitude and the phase minima oecur at the same frequency.

A twin-T (Fig. 3) formed with the resistance arm of the first (Fig. 2) and the capaci-
tance arm of the second twin-T (Fig 4) has two nulls corresponding to its phase and ampli-
tude, Both the nulls though near to each other invalue, occur much below the resonant
values of either of the individual twin-Ts, The phage null occurs at 13-00 Kc/s and the ampli-
tude null at 13-77 Kec/s for the values of the components used.

Similarly, twin-T (Fig. 5) formed w11;h the capacitance arm of the first and the resis-
tance arm of the second twin-T, has also:two nulls as before. Though, the nulls occur very
“near to each other, they are higher than either of the resonant values of the individual twin-
~ Ts. The phase null occurs at 21-86 Kec/s and the.amplitude null at 20-64 Ke/s. It is seen
that the separation between these two nulls js much more than in the previous case.

Double twin-T—The two twin-Ts are paralleled as shown in (Fig. 6) and its resonant |
frequency corresponding to the phase minimum is given by

I3
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The resonant frequency correspondmg to amphtude ‘l.nmimum is given by
— | - ~(Ry=+R;) 9
“ ]” wm w0z R, Rz (C) wga+C; wgy) ‘ ®

In this case, there are two frequencles at which the phase and the amphtude nulls oceur

whereas in the case of twin-Ts (Flg 2 &4) the phase and the amplitude nulls occur at the
same frequency. , e

The resonant frequency ‘caleulated by substltutmg the values of components is equal.
to 17-09 Ke/s in the first case and 17-02 Ke/s in the second case. The experimental value
which corresponds to-the amplitude null is 17-00 Kefs. Since the two frequéncies are close
to each other, not much error will be introduced by taking either the geometric mean or the
arithmetic mean. The values of the two means are the same correct to the second decimal
place. For convenience of calculation, the geometnc mean is taken as the resonant fre-

quency and ‘i3 given by.

{f wgy woz (By wgy + Ry ‘*’01) (B, + R,) l% '

L BY R?; (C) wyp + ({Yz wop) (O + Cp)

Using the component values, the value obtained for f is 17-06 Kefs.

w =

Triple-T's.—In the case of the triple-T considered in Fig. 7 there are again two
trequencies at which the phase and ampli('fude nulls oceur and they are given by
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Fra, TTriple-T i otwork, Fie. 8—Triple-T- network.
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The resonant frequencies are 26-08 Kecfs and 27-02 Kofs respectively. The experimental
value corresponding to the amplitude minimum is 27-00 Kefs. '

The triple-T (Fig 8) formed with the first twin-T and the capacitance section of the
second twin-T also gives two resonant frequencies given by :

and -

gy

T eEfEF ¢

Wog

* The calculated values are the same and equal to 10-07 Ke/s. Thisshows that the phase
and the amplitude minima occur at the same frequency as in a twin-T. The experimental
value of resonant frequency corresponding to the amplitnde minimum is 10-20 Kes.

The resistance arm of the first twin-T is paralleled with the second twin-T to form the
triple-T as shown in Fig. 9. This network also gives twonulls at two different frequencies

given by : :
- [% (20 o
and ‘ ' -
: w=ue [ 1+ ] ®

The resonant frequencies corresponding to phase and amplitude minima are 22-09
Kefs and 22-54 Kefs respectively. The experimental value for the amplitude mipimum
is 225 Kefs. v i ‘

The capacitance arm of the first twin-T with the second twin-T gives again a triple-T
as shown in Fig. 10 whose phase and amplitude minima ¢orrespond to frequencies given by
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Fro. 9—Triple-T network. * F16. 10—Tripls-T network..
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The ca,lculated ’walues are given by f—13 -82 Kc/s and 13- 50 Ke/s and the expenmental
value is 13-67 Kc/s.

A

If two twin-T networks of the same type aré paralIeled together, the resonant fre-
quency is the samie s for single twini-T. But when the capacitance arm of one is para-
lleled with the othér twin-T, the ‘triple-T formed has a resonant frequency 0-707 times
of the resonant frequency of the single twin-T. Similarly, when the resistance arm is
added to the other twin-T to form the triple-T, the' resonant frequency of the triple-T
is 1-414 times that of the resonant frequency of the. twin-T. It is found that for two
similar twin-Ts in parallel or triple-Ts formed out of them, the phase and the amplitude
minima occur at the same frequency as in a twin-T." \

Response C'urves The response cuirves for the various combinations are gwen in Figs. 11
and 12. These are drawn by using a simple circuit shown in Fig. 13 which does not load
the T-network. Constant output: from a signal generator is fed to the input side of the
T-network at various frequencies ranging from 4 Ke/s to 40 Kc/s in small steps and the
corresponding defléction in the miéro;ammeter are noted. Curves (2) and (4) are for the
first and the second twin-Ts and ciirve (6) is for the double twin-T. Curves:(3) and (5)
are for the resistance arm of the first twin-T with the capacitance arm of the second twin-
T, and the resistance arm of the second twin-T with the capacitance arm of the first twin-T,
respectlvely Curves(7), (8),(9) and (10) are for the four triple-Ts formed with all possible
combinations of the T-arms in the two twin-Ts. For tbtaining the output of the
T-network in volts, the signal generator output is diréctly fed to the grid of the cathode
follower at various frequencies amd: the correspondmg micro-ammeter deflections are
noted.  For any value of deflection in the micro- ammete’r the correspondmg voltage
output from the T-network can be found out. -

i RI]SULTS

Table 2 gives the frequencies at whlch the amphtude null and the phase null occur,
their geometric méan, the arithmetic mean, the practi¢al values and the amplitude and
the phase factors of the numerator: of: /9 in each case. {

001\1 CLUSIONS

In all these cases except the twm—Ts and the tnple T, shown in Fig. 8, there are two
frequencies at which the null condition is satisfied. One frequency corresponds to an
amplitude minimum and the other corresponds to a phase minimum. These two frequencies
are close to each other, and no appreciable error will be introduced by taking
either the geometric mean or the arithmetic mean: “The two means are the same in the
range of values used. In the case of twin-Ts (Figs. 2 & 4), the Triple-T (Fig. 8) the amplitude
and the phase minima occur at the same frequency.
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TABLE 2

corres onding Geometric  Arith- Experi- - Values of the numerator of g at f
to

mean fin meti} n;ent;l
Case A Kofs mean fin value fin A —
No. ‘ A Kofs Kofs ! An;plitude Phase
Ampli- Phaso factor faotor
tude null null

finKos  fin Kos

1 1502 1592 1602 1592 1600, 0 0
2 17-85 17-85 17-85 17-85 17-75 0 , .0
3 1652 1708 1680 1680 17-00 -045 X 10-1¢ +0046 x 10-14
¢ 26-08 2702 26-56 26-65  27-00 -451 X 10-16 -041 X 10-14
5 -0 1007 10-07 10-07 10-20 0 0
6 2254 22:09  22:31 9232 2250 -017x10-14 -589 % 10-14
1 13-50 13-82 13-66  13:66 13-67 -0005 x 10-14 *474 X 10-14
8 13-77 13-00 13-38  13-39 1380 ~0212X10-% 0158 x10-14
9

20-64 21-86 21-24 21-25 . 2150 +505 X10-14 +0459 X 10-14

When two twin-Ts having frequencies very near to each other are connected in parallel,
the resulting resonant frequency is nearly the geometric mean of the two. The response
of the double twin-T is flatter than either of the individual twin-Ts. In the example
given, when the capacitance arm of the lower frequency twin-T is connected in parallel
with the resistance arm of the higher frequency twin-T, the resulting resonant frequency is
bigher than both. When the resistance arm of the lower frequency twin-T is connected
in parallel with capacitance arm of the higher frequency twin-T, the resulting resonant
frequency is lower than both the resonant frequencies of the individual -twin-Ts. The
separation between the amplitude and the phase minima in the former case is larger than
in the latter ocase. =

The triple-T formed by paralleling the first twin-T with the capacitance arm of the
seocnd twin-T (Fig. 8), resonates at the least frequency and the response is also the sharpest
of all the triple-Ts and the separation between the two frequencies corresponding to ampli-
tude and phase minima is zero. The resonant frequency of the triple-T, formed by ‘paral-
leling thg first twin-T with the resistance arm of the second twin-T (Fig. 7) is the highest
and the response curve is the flattest of all the triple-Ts. “The: frequency separation bet-
ween the amplitude and phase minima is largest in this case. The two other triple-Ts
(Figs. 9 & 10) have resonant frequencies and responses intermediate between the above
two. With two exactly similar twin-Ts only two triple-Ts can be formed. The resonant
frequency of the triple-T formed with two capacitance arms and one resistance arm has
a resonant frequency equal to 0-707 times the resonant frequency of the single twin-T.
Similarly, by having two resistance arms and one capacitance arm, a triple-T is formed,
whose resonant frequency is 1-414 times that of the resonant frequency of the single
twin-T, I )
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F16. 13—Cathode follower and detector.

Further, with two twin-Ts of slightly differing frequencies nine combinations of para-
llel T-networks of different resonant frequencies can be obtained. By having a suitable
switch for effecting these combinations, nine spot frequencies can be obtained. In this
particular case, it is found that the difference between the lowest and the highest frequen-
cies is more or less equal to the resonant frequency of the double twin-T.
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APPENDIX 1 -

A general formula relatmg the attenuation factor B in terms of the admittances
of the various components in the arms of Ts, is derived for any number of Ts in parallel.

Derwvation of the general fm‘mula for a multiple—T :

Let A, B, C be the admittances in the arms of a 7. (Fig. 14) 4,, B,, 0, con'espond to
the first T, Az, B,, 0, to the second and Am, Bm, Cm to the mth T. There are three
nodes for any 7', two being comumon 1to all, since they are connected in parallel. The number
of nodes for a combmatlon of the Ts, as shown in Flg 14, is two more then the
number of T's in the combination. Hence, if there are ‘m’ T's, there are (m-+2) nodes and

~ an equal number of nodal equatlons Nodal analysis of the multiple T-network is resor-
ted to because of its simplicity in thi§ particular case compared to thé mesh analysis. For
simplicity, the inputand output impedances are ta,ken as zero and mﬁmty respectlvely

ertmg dowh ‘the equations. :
SV = V) A+ (i —Vz) Ay .'-{._‘...+(V V) A =1 (1)

Wl?@re *i8 the mput* current passmg through the node at the mput terminal having a
potehtlal Vi <

This* equatmn can be written;as P
Z(V; F—V,,,,)A,,,:i @)
1 ST :
* where ‘m’ has values ranging from 1 to.n...
For hode 1 '
| Vi =T+ (Vo —- vy B-—VIO —0

: Hence for node

(V — Vn )Am-l-(Vo——Vm) B

— Vi Cn (8)

For the output node—

(V,—Vy) B, —|—(V2—V0)Bz+ R

+(Vn— Vo). B, =0 . (4)
- This equation cam~be written as -

B(Vu=Vo)Bu=0 ®)

From equatibn (3), o

' Vi Am + Vo Bm )
Vm = 4.7 B. 1 O, (6]

Fi6. 14—Multiple-T network.
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From equation (5), Vo 2 Ba=2 Vau Bn
1 1

~ Bubstituting the value of Vi, from (é) we get,

n 3 n V.- Am+ VoB‘m -
Vo Z Bn= Z Bn ot Bt Cn
‘ 1 1 R ,

' n n .2
RADESED) yRes sesind
sy 1 1 T

. .

1

Sﬁnpwmr;t Morsiers-F Nout RC—-Networks

»

=V

An B,

1 . r

3 B, : 5 ' Ap Ba
Yo Z[B'"" Am+,Bmi+C‘"T] = Vi 2 4B, +0n
. ) ' — 4

B ( Am +Ch)
L1y At et
oe p bt ‘Vo | AmBm A
A+ B+ Cn
1 .
% - Bmclm
Am+Bm+ka
=14 |—; —
J : ApnBn -

A+ Bat O j

n

T

®

L ®

(10)

1

(12)

This relationship holds good for any number of T's in parallel, The resonant frequency
of a multiple-T connected in parallel can be calculated. '

APPENDIX

2

A study of-RC double twin-Ts in parallel, triple-Ts obtained by combination of any
number of Ts out of the four from the RC double twin-Ts, in terms of the individual
“twin-Ts, is made. Using this relationship, the resonant frequencigs ate-evaluated and
their relationship correlated in terms of the resonant frequencies of the basic twin-Ts used.

' Application of the general formula to various combinations of Ts : Case 1 : A éimple

A, 1B, 10, " A+

B + G,

1 .
o= =1 -
B +"' 4,B,

4,8,

- A1+B1+01 +'Az+Bz‘+Ca

RC twin-T as shown in Fig. 2, is considered. ‘m’ in this case has values equal to 1 and 2.

BC, B,C,
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Substituting the values for

A1= Bl = —R—l- dC’I=23w01 . ‘ =

A’= B’=jw01 and03=;i2el“
20y ZwC,
5 T T3 -
we get —_ =142 e (13)
B 1 Y,
Rzl; + !
2 .. 2
7+ 20, 2910(3'1+—El
L =1+ & R , (14)
(7 —ven) '

The attenuation is -infinite when B = 0 and hence, the resonant frequency
Wy, = 1/R,C,

p=— - ‘ (15)
- ' . 4wC ' -
14 R
. B o)
1 1
= - Since w =
145 Lol 3 . !
w
CE I
Wor
4r
1—3j 3
= 1—¢ where ¢ = —2_
16 ’.2 - wo,
14 ot
. =
o . ..
This is of the form B =|8] ¢ B ()
from which tan 0 =— lér;a |
.For a series tuﬁed circuit’ Cot 6 = Q [ .r — ~+ ] _ {17)
taﬁo = ! - —-41—

- T T 1=

Q
- - Q"—"i
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Case 2 : A twin-T is formed by combining the resistance arm of the ﬁrst twin-T with.
the capacitance of the second twin-T (Fig. 3),

2 jw Cy 2 _7wC'2
) = T 2
ot 1
R2 wiCy? | /
. -2 .
& T 2jwC, 7T 2jwCy
1 2 . 2 .
23 (3 2000, ) ~wr 0 (5 +200, )
SB= L 2 1 (18)

1 2;wC; \[ 2 . 2 jwC,y 2 ]
(7:?+——R1‘)(’E;+2J“’02)+( R, “'”’°=”)(E‘+2f"’01)

Equating the imaginary terms of the numerator to zero, we get i

2 9ub0,0f =

w=wy \/—2 _ o (19)

Equating the real terms to zero, we get

2 2 w?(C,?
ng R‘ - R1 -
= vy \/ 2 » (20)
1

-

" Combining the two va.‘lue‘s\ of w, we get,

Case 3 ;" The network is similar to the previous one except that the values of the
resistances and condensers are different (See Fig. 4).

1

The regonant fre hency Wy = ———
6 Teq q 03 RO,




i B e ey w
and T T _"ﬂ' .
= 4wl A ST
1+ j ! SRR

B —wn)

Case 4 : In this case, the twin-T is ,foimeli by combmmg the capamtanc}e arm of the
first twin-T with tlle resistance arm of the §econd twin-T. _

2jwC, T 2wl
R, ‘ ..|_' T
2
o h 2 - 4 2,
1 ] Ry RV g Tl -
? =1+ T T ! i o D B e,
AP Ny C,
1 (2 AP -
-3 (-—+ 25w C, -—-w2015< + 2jwC, ) P
B\ R, ,
ETTIN 3 2700, M (23)
(S5 “'”"’1’)(7:;“9“"’2 )+ (2 + % )( +2f"’°’1)
Equating the imagin‘ary terms of the numerator to zero, we get ° o
2 'wC - . ) R
,« __!R?_l__zjwaolzoz-_—o \ A
1 C
2 - 3 2
v C,C; Ry Vor G
) T‘ S R “
Sowe= —2 : Lo T (24
v Y : Ln .
Equating the real terms to zero, we get
Vg 20008 _ “
R1R22 __- R2 - )
. 1 . R : R TN P b
- w = m = wm /Tzand hence w= wol v%:— e | (25)
Combmmg the values of w, we get T

/ C,R / I A

Case5: The twin-Ts given in case 1 andicase 2 are paralleled as shown in Flg 6
Takmg the general formula  for l/ﬁ and substltutmg ‘the" valués for AIB C,, A,B,C,, :
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4,B,C; and 4,B,C,, we get

2 jwCy 2juwCy . 2:’7'wG:,i 0 2 ijg
R - R, - - S Ry
g L .. B
_1_ _.1+ Rl . s Rl RgA L. _,82
B, - 1 - T C N
' B2 e w?C)? —RBF ‘\w— w0,
B T e |
7 4- 2 w0 2 jwC;y ."’.""‘RTJ Tfrﬂ?ﬂ'_w% 2 ngﬁ- :Tf:
1 weC,? 1 21)203 C,
g = i S ]+ o | gr—wore, +R2 ““’202’01]
- [ 1 wC?®  4w(,C, 1 T wiCy | Awi0, ] -
R, R R +RiRaz’*~* ~ "_@ |
| B .
. C, _ 40,
Taking the real and the imaginary ‘terris in the numerator and equa!nng each to zero
the resonant conditions can be obtamed as long a8 the denominator is not zero. e
Taking ; the 1magmany term we get - IR e
‘ ; C R ‘ T
wzCIC{'gr(Cl + Cz)’ = R22 +—'2‘ T
- N N - N - . N - »'\\
] WP o= C b R,-|’ ! v
- CiCR By - (C + 0.2) R (
w = \/ Wog Woa Rywo By, | o - (28)
- (G ,'*‘,_Cz)vk N - -
i I SRS (N S I I
when Woy :- TR R, an Woa _—mﬁ T ood

The value of ‘w’ given by the imaginary term equated to zero cotresponds to the
phase minimum., R

Taking the real term, we get.

Cc2 C,2 1 1 N e
vt ( R, + R, ) - E/R, + R,R? B o
{ w? (CIBRI + C;’R, ) = R1+Rz jg P 1 Sy s
- R]_ Rﬁ R12 Rzz 3 4 v ! -4
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wg — (Rl + RR)
- fC C
R, [t ]

ST B £ 2 —

R R R, (Cy wes + C, wo;) ,

£ = ‘/ (B, + Ry) . .
Therefore “or Voa [ By Ry (Cywyy + C, wyy )

: 9

Case 6 : The triple-T network shown in Fig. 7 is formed by adding to the first twin-T,

the resistance section of the second twin-T.

25wC; _JuwCy
T 1
-1-=1+*1—e1—+]w01 'R';'*'.?wcz
g ‘Rl_z — w032 _La"
1 + 5 R2
2 ) )
R, + 2jwCy "R: +2 juC,
and / ’
1 1 wrop (¢ C .
(mrm+mEs— B ) + i (5 +5p—wosa,)
B =17 I w0F 4wi0,0, 30,0, T
R R e nma

. [ ¢ 4 1 C, { 2
'“‘”[‘R: (—R,‘*'R,)“*RI(RQ

1 1
“'= oor togm
and '
v = wy [ 1_+( :—:f:; )2—2’—:]* where wy,;
and .
1
o = R

1 -
+4) —#020, | @
Equating the imaginary terms of the numerator to zero, we get

~ CiR,

Equating the real terms of the numerator to zero, we get

1 1
0FEF T OFR R

W2=

and"

o= w14 ()]

G2y

" 62)
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Takmg the geometric mean, we get
r 00 \2 Cs RNt _
”£%1I1+ﬁﬁ)q][“*in e B

" Case7: This triple-T is formed with the ﬁxst twin-T and the capacitance seetlon of the
second twin-T (Fig. 8).

2 juwC, 2 jwC, 2 jwC,
R R : R,
| gt 3
1 - T2w0 Ci4 - 2uC+ 3
T=1 + 1 , .. .9 o - )
) ’W ——'0201 ""'wzaz
3 ... T g t
R, + 2jwC; .'2ch1+'l_z; | ,2.7wcz+"_§;“

(35 —wel) (sacre ) —wol (G4 0am)
-._( 1 w301+ 4]1001)( 2jw02 + ._122:) +(?]§;03 —W 022)(%+2jw01) (34)

Equating the imaginary terms of the numerator to zero, we got

2
2mo, (-—1— — w20, ) —25u*C, 0, =0

: -1 N
w’(C’1 +010’3)= —31—5
o = S | N __;_ 1
| BF (07 4 0,09 ——L[Lf&J
' Vo C,

(35)

Equating the real terms to zero, We get
3 2uw08  2u6h0y

BiE, K &
o [L4 8] e
W[m+& =R
'w[W&+w&]=;Lﬁ
= &R BB,
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TR 012R13+02&2- 1 R

: o
- Ny : o
T 1 N > .

w012 wozz' 2
. e
L w= -Ao1

—-[ 1 (‘“’AY 21_]* S (36)
+, Wy /- ~'Rz S . ‘
Taking the gedmetﬁc mean, the resoné.nt frequency is given by. g :

_ - Woy . : A
- 4“ [ wy \2 R, ][ 0, ] TR .
1 B ad 1 o %
[ +‘( Woa ) R, + C,

Case 8 : The resistance arm of the first twin- T 18 added to the second twm T to form the
tnple -T network (Flg 9). ‘ ; Vo

el a§.23'w023; 1 2gwGy

(37)

. i»;

Rl : - Rz i BT Rz . - N
| ) —— T 3 — t+ 3 .
-+ 2jwC; -+ 20, —— + 25w C,.
.}_-: 1+ R, : R, CF L Ry T
B 1 1 —
.1+ T
Rlz ‘ Rg«z . t o R ‘i SR
——2 25w Cy +—z— 29w C * 2 . 2 juC, |
R, + 2ywCy R2 + 2jwC, _R—;"‘*_‘ -_:.7 Ve
1 2 . 1 - 2 o
B2 ( By + 2.7"’02) +(fk7§ —'wgogz,) ( -2 -7“’01) o
=7 2 38)

(7t 252 ) (7 2jw-02)¥(7§-w202+4’§°*)( +2awcl) |

Equating the i 1ma.omary terms of the numerator to zero, we geb .
2 wC’ 2 jwC,
J + J

N

Riz R Py — 2jw30 02 =
and e S | .
W o= Wy [ 0: -+ ( w:: ) } y - : (39)

Equating the real terms of the numerator to zero, we get BT

2 p) v 2"0'20‘-’2.” : O»ﬂ e
- ®BE TER TR T -
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, 1 1
. ;
W= OFRE, T o,szzi,2
= wy? [ 14 ]
- 1
Cow o= wy [ 1+ ]i (40)
W= Ve B, .

Cuase 9 : The triple- T is formed by a.ddmg the capacitance sectlon of the first twin-T to the
~gecond twin-T (Fig. 10).

2 jw0, 4 juC,
R TR /
) 3t 3
2jwly + - 2jwCy+ —5=
—_ . vl . . 2
=14 ’ .
— + 2
2w, +— 2wl 4 —
Jw 1+ Rl J 2+ 132

2 . . 2 1 ~
— (-Ez—-.i— 2jwCy ) wrC2 + (23w01+.———1—§]— ) (—E‘F — w?C,? ) i)

] ' i ' 1 PR 2
(M - o) g+ 200s) + (siw0st 2 ~u02)( 200, +)
Equatmg the i 1magmary terms of the numerator to zero, we get
2
_-— 2.7’”301 02 + ‘val - 2‘7“}302201 == 0
wﬂ = 1 == "wozz
B2, (C11Cy) Oy
14 -—(—};-

B =

»“’=(‘_‘*a—)i R ' L 4

Equating the real terms to zero, we get
92 02 2 2 WA 0,2

- & T®ET T E |
Yoo | | (43)
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