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\\CHAPTER Filt ers

ODUCTION ‘
9.1. Tz:ﬂ ‘. 2 network which passes a particular band of frequencies and attenuates a| Other
frequencies. It is considered as a frequency selective network, because as we know that in resongy
cirguits of ﬁ'uC circuits, select relatively narrow bands of frequencies and reject other frequencies,

Filter networks are mostly used in communication system for separating the various voice
channels in carrier frequency telephone circuits. Filters are also used in instrumentation, lelemetering
equipments etc, where it is necessary to transmit or attenuate a limited range of frequencies,

Mostly the filters are two types as passive and active ﬁlle:rs. A pn.ssh:e filter is r:fmsisting
passive elements e.g. resistor, capacitor, inductor. The cost of passive filter is high becalfse inductors
used are heavy and bulky. No gain is possible in a passive filter. The active filter is consisting
active elements like transistors, op-amps in addition to resistor, capacitor. Voltage, current and
power gain can be achieved in active filters. The frabrication of inductors with high quality in
integrated circuit (1.C.) technology is not possible, so the resistance capacitance circuit with active
device replaces the conventional L-C filter and provides a sharp cut-off in the attenuation band.

In this chapter, we will study various types of filters and its analysis.
9.2 PARAMETERS OF FILTER

The various parameters that characterize a typical filter are as follows:
(@) Characteristic Impedance Z, or Z_,

The characteristic impedance of filter should be such that the filter may fit into the given lin¢
or between the two types of the equipment.
(b) Pass Band

It is the range of frequencies for which ideal filters have to pass all frequencies withou!
reduction in magnitude is called pass band.

(c) Stop Band

It is the range of frequencies for which
the band where all the frequencies are atten

(d) Cut—off Frequency A

ideal filters have to stop all frequencies. StoP Band 1
uated through the filters.

; expressed in Nepers, decibels (dB) or Bels.
Similarly V, ; ?T;d? b;elhe input voltage, input current and input power respecli?ﬂly of a filter.
» o o be the output voltage, output current and output power respectively.
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The ratio "o represents the power gain and ratio |~ represents the voltage gain. In the case

i

P
of P, > P, so that ]‘;.i‘ is given by the attenuation.

The various units of attenuation are defined as:

() A decibel is defined as the ten times the common logarithm of the ratio of the input
power to the output power.

F,

Aftenuation in 4B = 10 log,, P

The decibel can also be expressed in terms of input current (or voltage) and the output
current (or voltage) as

I V
Attenuation in dB = 20 log,q f- =20 log,, I‘—

(4]

(i) A Neper is defined as the natural logarithm of the ratio of input and output quantities,

= | P ! v
Attenuation in Nepers = 2 log, }L =log,—+= IOg'FL

(L] I'}

(lif)y A Bel is defined as the common logarithm of the ratio of input and output quantities.

N F / V
Attenuation is Bels = log,, —-=2logo - =2log,o 7"

4] o

Attenuation in dB = 8.686 = Attenuation in Nepers
= 10 x Attenuation in Bels.

9.3 CLASSIFICATION OF FILTERS
Based on frequency characteristics, the filters are classified as follows:

/ We can obtain a relation between these units as

(@) Low pass filters Attenuation, a
Those filters which are pass the frequency upto
the cut—off frequency /. and the frequency above it are R
rejected. Fig. 9.1 shows the attenuation characteristic of m m
an ideal low pass filter. Therefore, the frequency range ot ; —3 Frequency, f

of the pass band or transmission band of low pass filter '
5010/ and the range of frequency of the stop band or 9" > E:x';::r“m‘"”“‘
Utenuation band or rejected frequency is above the f. '
(6) High Pass Filters

Those filters which are pass the frequency above | Alenuation, a
the cut-off frequency f, and the frequency below it are
fejected. Fig. 9.2. shows the attenuation characteristic Stop | Pass
ofan ideal high pass filter. Therefore, the frequency range Band | Band
of the pass band or transmission band of high pass filter : » Frequency,
s above the £ and the range of frequency of the stop )
h“dnrmmuﬂiunblndnrr:jected&uqumcyiaamfr Fig-9.2. Characteristics of an iieal high
(©)  Band Pass Fiiters Pty e

Those filters which are pass the ﬁwmhuwmmduimmﬂﬁvqumhuﬂ

A ASICIRINASAN | Uy A ASIRRAAVICININAS] ]




e e e e s qr'.i-".lh, '
.
' acteristic of an deal band
. attenuation characterist
9 3 shows the atten

ies ie. [, as the lower cut off freque.
{1 frequencies i€ [, 19 called s , il
The range of frequency for pass band i f

reject all other frequencies. Fig
A band pass filter has two cut 0 ;
/., is called the upper cut off frequency.
A Attenualion, o

Stup Pass S!ﬂp
Band | Band | Band —» Frequency, f
0 f f

Fig. 9.3. Ghurnclmi;ucu of an ideal Band pass filters

A Attenuation,

limination or Band

(d) BI!II:' stop or Band Elim e

Reject Filters . 4“

Those filters which are reject the frcqu;nclcs Pass | Mees | Pass

T 1 ass Barw

between two dESI[.,]'I-Ed t::ut—nfl" frequencies and p Band | Band . - F
all other frequencies. Fig. 9.4 shows the attcnuation 0 L, 3 BauEnCy,
characteristic of an ideal band stop filter. The range g, 9.4. Characteristics of an ideal band
of frequency for stop band is /., — [, pass filtors,

9.4 BLOCK DIAGRAM REPRESENTATION OF THE FILTERS
Fig. 9.5 (a) and (b) represents the block diagram of low pass and high pass filters respectively

+ O—— %t + @ " | o4
(a) (b)

Fig. 9.5. Block diagram representation of the filters.
A band pass filter can be obtained by the series or cascade connection of low pass and high
pass filter as shown in Fig. 9.6. The cut-off frequency of low pass filter is /., and that of high pass

filteris f, where £, > f,.

+to—ou
lowpass [ "1 ni s —o*
v flter (1,) bt e v,

_a o filter (1.)
Fig. 8.8
A band-stop filter is obtained by parallel connection of a low-pass filter and high pass filter |
as shown in Fig. 9.7. The cut-off frequency of low pass filter is /. and that of high pass fileris fo |
where f.,> f.

O -

?

+*
v Low pass o+
- fiher (f,) v,

]

7

High pass
fiter (1,)

. Fig. 9.7
Mathematically, we can .
filters. i.e. " define the band pass filter is intersection of low pass and high P’

I?..F “(L.P)~ (H.P.)
18 union of low pass
BS=(L.P)y (H.P.)

And the band - Stop fi
PR and high pass filters i.e.
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ARbie 7.1 ohows the summarizing of filter characteristics

":[;fP' of Filter Pass Band Attenuation or stop band
“Low - pass Otof. f.10 oo
___,.-—r-"_'_-_ - e — —
“igh - pass foto Y
.- Band - Pass Jo to Je Oto f, and /., 10 e
e
~ pand - Stop 0to f, and £ to £,
j:'l 10 oo

-5 FILTER NETWORKS

There should be no attenuation in pass band for an ideal filter. This can only happen when
flter is pure reactive or dissipationless. The filter networks are made up of symmetrical T and n
networks. Both the 7and 7t networks can be considered as combinations of asymmetrical L networks
a5 shown in Fig. 9.8(a) and (b) respectively.

Z, Z; ﬁ
2z, 2 2z ||z 2
**** -0 0 o —0
(a)

/ z
L B
/ ————— o { | o
5 L)
2z, 2 2 2Z, 2z, 2Z,
o— P —— O 0 o O

(b)
(b) Symmetrical x — network
Fig. 9.8, Filter networks
Filter networks are consisting of ladder network. A combination of several T and & networks
constitutes a ladder networks. The common forms of the ladder networks formed by symmetrical T
and symmetrical -networks are shown in Fig. 9.9 (a) and (b) respectively. It can be seen that both
Metworks are identical except at the ends.

Z
i Z Zy
— s
_E'I_
[z % z  []a

{qmnmmhywm T-networks.

N/ AL 1T INV A U] Nl CAT T INI UL 1T I\




LR L s | AND Sm_lr

2z,

o— (b) Ladder network formed by symmetrical n-networks
Fig. 9.9

9.6 CHARACTERISTICS OF FILTER NETWORKS -

The study of the characteristics of any filter requires the following:

(@) Characteristic impedance (Zy)

(b) Propagation constant ()

(¢) Attenuation (cr) and

(d) Phase shift (f)

9.6.1 Characteristic Impedance (Z,)

As we know that for a two—part network, if the image impedances at input port and oug
port are equal to each other, then the image impedance is called the characteristic or the iterative
impedance Z,.

(@) For T-Network

Consider a symmetrical 7- network with input impedance Z,, is terminated in same impedanc
Z, as shown in Fig. 9.10.

¢ LT {1 o
2y Z4
2 2
— 7 [ i
L

L Fig. 9.5 Symmetrical T-network terminated in
The input impedance is given as b

or Zz-[ﬁ'i'z )
Z,= _Zj.+ 1;: 0
2
= 44222, +22 7,422, 2, + 45 &0
o 2AZ,+22,+2Z,)

ZZQ(Z.I +2ZI+ZZD)- le "'42;22 +Izlz°+lz:zﬂ
4z; "2!|+..|zrzz
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ners a9
o
or 2 ';1!" +2,7,
rherefore, the characteristic impedance of a symmetrical T Y
-
S LI
for” £LJ 2 .
Z..in term of open (Z,.) and short circuit & — Z
il | S ¢ | ’ ]
2,) impedance: ¥
For open circuit impedance, the network Z,,——> 5 open
hecomes 1S shown in Fig. 9.11. 2 cricuit
Z . o 5
Lo = 'jl+ Z Fig. 9.11
I
For short circuit impedance, the network becomes as shown in Fig. 9.12.
z,= & +[ : z,] 2 2
e B 1
Z,
Z, 2 .. short
=S+ 7 G 2 gircuit
g “l+2,
2 - !
'3 2 Fig. 9.12
+42Z,Z
or Z = EJ_.__I_—z—
«  22,+2%Z,)
Z
Mfﬂtﬁ, zﬂﬂ » z“ = "Et‘+Z|ZE = zg-'.r'

w ZCIT = \‘zﬂt'zu'
(®)  For x-network ‘

Consiser a symmetrical n-network with input impedance Z,, is terminated in same impedance
% % shown in Fig, 9.13. ]

o— =T "

Z—> [] 2z, [] 2z, [] z

Fig. 9.13. Symmetrical -network terminated In Z.
The input impedance is given as
z, = (22,12 | Z,)+ 2]

22,2,
- {22,}[——1-—0"221+zﬂ +Z1]
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ZZ:ZU +z ]
DA

5%5% 42,
’.!i'f; + zﬂ

27, +

221{221}3“2,2“ 12&&__1
or Z jzlzu+z,zﬂ+zz,zz+zzz.gu+4g‘_
.:z,zzzﬂqzlzulmz?zzu _ |

42, 2,420,525 45 5

42,2} + L) &= 4 2, 2

ur jf: "’-"" ¢ z’l Zﬂ-.

or

2 i
22-__4;;5_2_2—— i
0

or - Z,+4Z,
" 3 s 1
Therefore, the characteristic impedance of symmetrical 7 network is J
ST/ M .
ox 2
Jz2+az,2, \FL ST E |
4
[
L, - kL
(2 S |
or % +Z,2Z,
4
Z,_in terms of open circuit (Z,) and short circuit (Z,) impedance:
For open circuit impedance, the network <,
becomes as shown in Fig. 9.14. - -
open
zZ, = (22,)|(2,+22,) Z.——> 22, 27
& 7 = 22,(Z,+22,) . "
Z,+4Z, Fig. 9.14
o Lgum circuit impedance, the network becomes as shown in Fig. 9.15, since 27, is also
: 2, =222, >
2Z, Z = shor!
or P Tt I :
z,y: z| +2 Z1 2'“—) E.Z,, EIFW"'
7 72
11'|erl:fnrc, Z&_ x7 = ._|_24£ Z =z? o
© Zivaz, T Fig. 9.15

il Zh =1Hz:.zt

Thus, we can also get

Zor-Zo, = 2, Z,

The propagation constant Y of the network is given by

v- ...,,[a)

I
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For r_ulwﬂrk

1] - » TR (L 11 = * e - )
£ Consider 8 T-network is terminated with characteristic impedance 7

gy KVL, we can write

Z .
Inlﬂﬂp'h‘ilfﬁ"f:{ﬂ h)y-V,=90

“i

4]

V4
In loop-11: ('fu"' 2] L-2,(1,-1)=0

893

as shown in Fig. 9.16.

()

qix (2)
I 4 +Z,+ 7,
of E = 2 > = ¢¥ (From definition)
Z, = g
or o Y4 vZ,=2, ¢
V4
or Z=@-)z- . (3)
We know that the characteristic impedance of a symmetrical T-network is given by
Z
N e
Zor= 2 +2Z, Z, .. (4)

Squaring equations (3) and (4), and subtracting equation (4) from equation (3), we get

2, (e 24 4 _z2-0
(€717 + 2 —(ET—I}ZIZ;;—T— 1 4

Zy(e-1R-Z,Z, (- 1+1)=0
Z,(e"-1P-Z =0

Ze!
(er-17= 7
Z
— = —e
e+ 1 —2¢ Z,
Z
i e1+ﬂ-2='z'.':
Dividing both the sides by 2, we get
£T+E'T__l+_§L
2 22
Z
.
cos hy=1+22,
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894
In other forms we can find as follows: T
S (T _51.] |
sin hy © Jcosh’y | 27, ;
w——F i "
. ] A
_ 2Z, zi! s
1 o
= ,_I- EL-]‘ E. Zz 1
Z, 1
: 4
_Zor
= sinhy = z, [From equations (4 )
¥V 4 Z
Z| 1L [Z + - l]
Therefore, 1[ 27, ] 2" -
We know th 2 = EaF EL !
e know that, w275
and ZM.Z ‘fzxzx
Z 2z Z
Therefore, tan ky = J = J B
zﬂ zﬂ !

Also sinﬁ1= ||-I—{cush'r-l)= 1[1+_‘l_1 = _Zl_,
2 2 2 27, 4Z,
(#) For n-network:

The ion ; i _
. Empagat constant of a symmetrical n-network is the same as that for a symmetrical T-

coshy=1+ —l:EL |
| 2
9.6.3 Classification of Pass-band and stop-band |

For designing any filter the follow; i |
(& A filter should pass (or tra:s OWIng requirements should be fulfilled.

(i atienuation (ax) should be zerg E’iﬁﬂ‘munncigs without any attenuation. It means |
It should ;
attenuate or completely stop al] undesired frequencies. It means in the stop band o

The propagation constant is a functijon of frequen

-

there exists only phase shift B

~ Cy is given ¢
Where, T=a+ B by ;1
O = attenuati
The propagation uation and f = )
requirements. constant should provide the inf !JhaSﬁ ﬂhllf! . !
It = o, then Ormation of ability of the filter to fulfill basi
is provided by the filter netw u:]' 15 equal tu the mplll c S Thi e . - 9
: urrent (),
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o
o cipitive (1 = () then The Sl tatswesthy ewiryidan .
of oo 8 e preridan aseoation, b this case Iy » 1, wnd 0

s fhie CRTRMT A bt
fof Wmmr.-tl T KA, e i 7 Ry T B e i,j

vk f B e
P l"“"'{;
['”-“'fa lI-*""f|
o u‘!ﬁ -2 J &l a o
' ) 47,
12082 4 jeon h S gin 7
-, i = —, 50 -
W mre 2 273 " YL 1)
(o s lA~ B~ vin A vt 4 cos A sin B)
(ravider [olloming caves:

rpt 1: When Z, and Zy are of vame type of reactapess.
A
s this cane f_;; i real and penitive.

Therefore, imagirary part of eopuation (1) must be 2210,

a . B
cn h E.lm 5" U] o (2)
) L g z
wdl L z'mz = '].'42'2 . (3)
Equation (2) can be watisfied if
-g-"n:.wfznn'—'ﬁ.l,z..'i. ......
: ., Lé_ -
= B Fi
ﬁmcmz | and sin A= J4z, (From equation (3)]
b ’z
L —9im & |21
Th!fﬂ't. lu 2 sin k 1'4‘2]

This gives high value of attenuation. Thus the condition (77 >0 gives atenuation band.
[
*1I: When Z, and Z, are of opposite type of reactances.
hﬁm%kmaﬂmﬁﬁt.

Theretore 5 uﬂlum&wmﬂmﬂmhﬂ[l}mb@m.

L 421
o . (4
Ihh'i'wiz ] (4)
o con h %m% - 1’:,% - (5)
: Hjndﬁjuulb:ﬂiﬁadﬁmhmbbyundﬂ.ﬂqmﬁnnmmbc
“q"‘hﬂ-ﬂ.wu‘hﬁlﬁ-l.
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Condition : (/) - When a = 0.

Then from eguastion (%), we gt
8 V 4
it V44,

/,
ot 47 must be negative

is —4—s0
I herefore, -IZ:

—

s 5
and Iﬁ:z::- '\.-42_1 |

In this case, since @ = 0, it gives pass band. The phase shift introduced in the PSS bany!
given by equation (6).
Condition : (if) when p = &,

Thﬂeftrc,cmg =0,and5ing =+ |

Then from equation (5), we get
o
MR TN

or a=2cosh™ EL =
Z,

Since @ # 0, it gives attenuation (stop) band.
Cut-off Frequency

The frequency at which the network chan
called the cut-off frequency, ges from a pass-band to stop-band and vice-vers #

The cut-off frequencies can be obtained by using,

Z
: —L.
+<iz <0
4
421 0 or z' =0
and 4 I
47z, or Z +4Z,=0
. i
0.7 s:::.:’ *d 2, are opposite type of reactances
Ihe ...,.,,:.:F PARAMETERS FOR FILTER NETWORKS
| . of parameters for T and x.Fijer follows
I Characteristic impedance (2 e i
A
Fora1 : AT
2 T-network: Z,, - J;l‘zz[l"‘—ﬁ-
4z,
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for @ n-network: 2™

Zyydow = &y Z,

3 propagation Constant (y):
The pmpagatiun constant is same for T and n-network and is given by

b
coshy=1+ 22,

3, Attenuation Constant (o)
a9 in pass-band

b A
o=2cos i (E’L] , in stop-band.
“2

4 Phase Constant (B):

Z,
B=2sin \’42 + in pass-band.
2

B=mn,n=0,1,2,..; in stop-band.

5. Cut-off Frequency:
Z,=0and Z, +42Z,=0

18 TYPE OF FILTERS
Depending on the relationship between Z, and Z,, filters are classified as:
) Constant -K or Prototype Filters:
In this type of filters, Z, and Z, related as
- Al e R,
Where K is a real constant, independent of
tsign impedance R, of the filter.
The constant —K type filter is also
tn be derived from it.
) m-derived Filters:
In this type of filters, Z, and Z, related as
Z,Z,# K
Y81 Constant K Low Pass Filters
T and m-network for constant -K low pass filter s

. Fig. 9.17
For both T and n-networks, we have
Z, Z.» Kt= Rzn

A
Scanned by CamScanner
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frequency, ie., a resistance. K is also known as

known as the prototype because other more complex networks

hown in Fig. 9.17 (@) and (b) respectively.
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For both T and n-network filters:

' ; y ——  then
If series impedance Z, ~ jwl and shunt impedance £, JaC

Z 2, (£ K= R, (which is independent of "“llul:!mn
Therefore, design impedance is given by
L
R=\¢c |

( Cut-off frequency: |
The cut-off frequency is givgn by

or j{ﬂ",ATU -
- =0 or |f,=“| I
and Z, +4Zz'—ﬂ
|
] + 4, =
x ek |
2 ' |

or o=Jc /-0

fo=—t |
or f= e (- 0, =2xf) |

Therefore, the pass-band of constant —K low pass filter extends from 0 to n—j[EE
The graphical representation of constant —K low pass filter is shown in Fig. 9.18.

] —_—
jo C  jmf.C
frequency as linear and rectangular hyperbola as shown in Fig. 9.18. The cut-off frequency at the
intersection of the curve Z, and - 4Z, is indicated as /.. All the frequencies above /. lie in a stop o

attenuation band. Thus, the network is called a low pass filters.
F 3

Since, Z, = jo L =j,nf Land Z, =

therefore reactances Z, and Z, vary with

i
]
]
|
: 2
]
;
h
€—Pass ! P BN s
L]
’ -4
o e >/

Fig. 9.18.
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o L=
Attenuation constant:

i
in stop-band a=2cosh' -4
and 10 : 2 V’tlz_,
1
Zi=joland Z,= —
= JuC
|
‘ 2LC (f
o= 2cos k! :‘E—‘ = . - al =
0 e Ll T ¥
joC |
i) EBhase constant:
In stop-band, B=n
Z S
. - = NN | e 0 NSRS 1
and in pass-band, P = 2 sin az, 2sin [ff]

The variation of attenuation constant o and phase constant B with frequency is shown in
Fig. 9.19.

Fig. 9.18. Variation of attenuation constant and phase constant with frequency.

(¥) Characteristic Impedance:
The characteristic impedance for T-network filter is given by

Zor= JZ,Z: [H%Z',]

: 1
Putting z|=ijandZI=jTJE,ﬁleuwegct

- Zor= Ry I*L?J
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s
In the pass-band, /= /. so that 7, 1s reat. ” 7 =
In the stop-band, / * /., so that Z,, 18 imaginary, and 10/ [ £op = 8.

- g ix piven b
I'he charactenistic impedance for m-network 1s g hJ

.,1 f.p
‘Km ;"I
14
4z,
I L
Putting Z, -~ jol. and Z, = -~ then we get
Jud
L
¢ | .

Zon g,
| w’ [ Jl (f ]Z
4 £

In the pass-band, /< f, so that Z_is real.

In the stop-band, /> /., so that Z,_is imaginary, and if /= [, Z, = e ‘

The variation of characteristic impedances Z,, and Z,_ with frequency is shown in Fig. 920, -
Z 2t
Z.

Paas band
Stop band

->f

Flg. 9.20 The variation of Z,; and Z, with f for constant -K type T and x networks low pass filters.
(v)  Filter component values.

We have 2,Z,=K = R?,
Putti -j 1
ing Z, = jwl and Z, JoC’ then we get
L
Ro= 3 (1)

and i I B

o 7 -0 @
From equations (1) and (2), we get

Series inductance; L =

R
xS andshuntcupmitalm,c= X f
Example. 9.1 Design uprmoopefmvpmsﬁmzrm deﬁ-netwarhc iy

afﬂu-jﬂﬂﬂandm-qﬂ'hqu .
Solution, PR
Slepl::rnobtlintlmvaluesofi.nndc
Given, J. = 2000 Hz, R, =500 Q
We know, that, L=
7/ (where = =R)
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500
ﬂ4xmaa = 79.57T mH
. |
and ¢« nf K
1
C=

3.14x 2000 x 500 ~ 02183 WF

The T-network is shown in Fig. E 9.1 (a).
39.78 mH

ap I1: TO obatin 7 and n-networks for a prototype low pass filter:

ac 78 mH
o Hoooo HOTUT
L J_ I

-\.0.3133 uF
o

Fig. E 9.1 (a).
The n-network is shown in Fig. E 9.2(5).
79.57 mH
o l TO000 °
|
0.1591 pFC % -EQT 0.1591 pF
o T o

Fig. E 9.1 (b).

filter offers attenuation of 19.1 dB.
Solution.

Sp I: To design low pass filter as  and T-network.

Given, /.= 1000 Hz, R,=200Q =K.
K

We know that, L= oo

Lo —20 ___63.66mH

3.14 % 1000

oo |

and % /K
|
C= 37ax1000x200 1 HF

Eample. 9.2, Design a low pass filter as © and T-networks having a cut-off freqency [ = .'J.!JGI’J ht:
lo operate with a terminated load of resistance 200 £2. Also find the frequency at which this

The x and T-networks of low pass filter are shown in Fig. E 9.2(a) and () respectively.

(31.83 mH)

£
2

C~|- (1.59 uF)
_’

(63.68 mH) (31.83 mH)
= bl l N E
(0.796 ) J--.f- £ == 0750 4A) 2
T 1
* (@ - i
Fig. E 9.2
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Step 11: To dete

We know that, attenuation 1

altenuation in nepers = __E.ﬁﬂﬁ

we know that, for Low

rmine the frequency.

<]
passﬁltefs:u=2cosh [

8.686 » attenuation in nepers

|

ndB =

L 2.2 pepers.

o=~

B _L)
2.2:21305»‘1 lm
S e cosh(LD)
o I
or f=1.67 KHz

Example. 9.3 Determine

cut-off frequency for the low pass

(20 mH)

= 025 uF

I\D.Z& uF

the nominal characteristic impedance or load resisignc, and

filter as shown in Fig. E 9.3.
80 mH B0 mH
OUBUY — 0 —
= 1uF

r

-0

(a)

Solution.
Step I: To obtain the load res

Given;

nr Cm—ﬂﬂ' ﬁ‘equmy' f;

Step II:

(0)
Fig. E 9.3.

istance and the cut-off frequency for the n-network.

5 025uF orC=0.5puF
L=20 mH

L
Wﬁkﬂﬂwmmmistancenrmhmlchamcteﬁsﬁchnpedameisgivenbyxjg

£t

. 20x107° i
0.5x106 2000
3
T — m 2
®L xKC]
200

Je= 3.14x20x 10 ~ 3183 Hz

To obtain the load resistance and the cut-off frequency for the T-network

Gi"fm, _ L
C=1WF, = =80 mHor L = 160 mH.
| : k= JE - [lsoxi0®
C Ixigs ool
and K
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fhe constant _K High pass filter as T and n-network are as shown in Fig 921 (a) and (h)
b,_'rhi_s rype of filter can be obtained by changing the positions of series and shunt elements

2 - ok
R0=2,2,= C
L
or Rn == ‘E
() Cut-off Frequency:
The cut-off frequencies are given by
1
Z,=0 or jﬂ]tC“
or o, and hence f, ==
and Z,+4 2= 0
| :
— 44, jo. L =0
” joc T
1
e YT

1

Je= = rrc

Therefore, the pass band of constant -K high pass

or

1:'.‘,'11- 1]
¥ stant —K low pass filter.
jhe €00 7
¥ 21 _1

=z 2 z

I B}

— L 2 s 11 o

2C 2C c

L 2z, 2L 22, 2L
zZ
] [ .
p——
(a) (b)
Fig. 9.21

tZ, = = and Z, = joL, then design impedance for the load impedance is given by
e jol s

={

l
fher extends from 7— /7 10 >

The graphical representation o:f Z, and Z, with
"iation of frequency is shown in Fig. 9.22. The cut-
W frequency at the intersection of the curves Z, and -

is indicated as f.. The filter pass all frequencies
Setween /- and oo.
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(i) Attenuation Constant:
In pass-band, ¥

Z)
and in stop-band, @ 2 cosh | ﬂ4!3|

Since 2,7 jwC and 2, = jool
s
L # ] 2 c05 h I 4 mi' L{‘
Al
or a:-lcnsh"[? “Je 41::?1!.(,'
(iify Phase Constant:
In stop-band, B=n
. .4 L4, B eop |
and in pass-band, [} =2 sin 47, ‘_hnnd_)j

| [
=2 sin! ,/mlm

our(2)

The variation of attenuation constant o and phase g
constant B with frequency f'is shown in Fig. 9.23. Fig. 9.23.

(iv) Characteristic Impedance:
The characteristic impedance for T-network is given by

Z
Zor= |2, Z,| 1+—L

Z,= 1 _and 2= julL

joC

, o L, .1
Zos 2 et
" Jc[ 4w’u:]

1
e
In the pass band, /> /. 0 that Z__is real

¢ T :
hﬂtﬂﬂpbﬂld,f'ff;.mthuz“is imaginary, and if /= £, then Z,, = 0

-

a6

or

The characteristic impedance for x-network s given by
Z, Z
- 4%
a7
1+ =1
42,
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f

[n the stop bﬂﬂdaf“'-_f:, so that Z,_ is imaginary, and iff=f,then Z, = oo
The variation of characteristic impedances Z,,.and Z, with frequency fis shown in Fig. 9.24.

2.1 zmT :.
:I zﬂa:
| stop band J: pass band “,
:
2
. > f
0 f,
Fig. 9.24
) Filter component values:
Z =R = £ = (1)
We have, ; zZ, i
1
T (2
and f= s LC @
From equations (1) and (2), we get
shunt inductance, L= IIE&_E
1

and series capacitance, Zadrre TR,

Eample. 9.4. Design a high filter as T and m-networks having a cut-off frequency of 2000 Hz with
a load resistance of 300 £2

Yolution,
Sep-1. To determine the value of L and L.
Given, /.= 2000 Hz, R, = K =3009Q

1
L -
K= E and /. = 4x JLC
From these equations, we get ,
K
L=Txf "HC* 2K £

NS NIRAL I M R Y N VAT NS WAL N
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906
300
= B Il.ga ['
L~ 4% 3.14%2000 <
|
: = 0,133 uF
and C 4x3. Hx.’!ﬂﬂxz{]‘m g

Step 11: To design a high pass filter us T and n-networks.
The T and m-networks of a high pass filter are shown in Fig. E 9.4(a) and (&) respecively

0.266 uF 0.266 uF 0.133 uF
o—} o ° - -
2C 2C G
L 23semH 2L 2L
11.93 mH 23.86 mH
—a o 2
‘ (@) (b)
Fig. E 9.4 by
Example. 9.5 Determine the cut-off frequency for the high pass filter as shown in Fig. E9.5 (q) i/
and (h).
4uF 0.4 yF 0.4 uF
B Ji— o o—} {—o
80 mH 80 mH 18 mH
- 0 = 0
(a) (b)
Fig. E 8.5.
Solution.
Step 1. To determine the cut-ofT frequency for the n-network.
Given, 2L=80mH orl=40mH
and C=4uF.

We know that, the cut-off frequency for the high pass filter is given by

|
1= 2 JiC

S 2x3.14xVa0x10 0 xdx100 19894 He

Step I1. To determine the cut-off frequency for the T-network.
Given, L =18 mH,2C= 0.4 pF or C=0.2 ur,

it j;: - 26]'11'
2“3-I4xJuhn{r*z.u::z:mrei e
Note: L= W S J’
[ u?LC 4-:L ankc’ K= ]
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,;mP"'- 0.6, A .f:m:ulmu -K high pass filter having cut-off frequency of 8 Kz and nom higal
k L-,e,,m-a.r|t‘t.'.|"fﬂ-'{n:' impedance of 600 £ find the component values of m-network. Hence, find it
c_;,w-gﬂfrimt: and phase constant at £ = 12 Ktz and attenuation at f 0.8 kiiz.

grlllf::ﬂ determine the component value of n-network.
Given, /.= 8000 Hz, R,= K =600 (2
|
we know that, L=mamdﬂ'= {‘- =R
From these two equations, we get
K 1
L=y "MC= 4K, 0 =l —o
600 "
L= 4x3.1axs000 ~ 97 ™H 2t ng_
I
and C = 2x3.14x600x8000 00166 HF -
Therefore, the values of components in x-network are Flg. E0.6
C=10.0166 pF
2L=1597 x2=11.94 mH
f=12 Kl

Step 11: To determine the characteristic impedance and phase constant at
We know that at any frequency f; the characteristic impedance and phase constant for 7

section high pass filter is given by

zﬂt= "ﬁ}
17
J
and p =2 sin [%)
600
' - =805 Q2
| o J' _[ 8000 ]3
12000
8000
and B =2 sin” [m] = 83.6° = 1.46 rad.

Step 111: To determine attenuation at f= 0.8 KHz
We know that, attenuation at fis given by

o=2cos k' [%]

a=2cos "' | gop 5.99 nepers.
Example 9.7. Design a prototype high pass filter T and 1t sections if characteristic impedance

¥ 500 Q and cut-off frequency of 2000 Hz.

Solution,
Step 1. To determine the component values of proto type high pass filter.
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Given, R,=5008, [ - 2000 Hz.
We know that by prototype high pass filters,

| ‘F '
e ——r and K= Ry = &
= andic W& =R e §

From these equations, we get

I :"'"1
F.

- .

L

L= anf ™ C" 4xR, /.
e 19.89 mH ¥
= - !
L= 3x3.1ax2000 00 ™D
I i 3
nd C= 3x3.14x500x 2000 ~ -7 nF =
Step 11: To obtain T-network of proto type high pass filter.
159.14 nF 159.14 nF 1
° |- it °
2C 2C
| © 19.89 mH
o O !
Fig. E 9.7 (a)
Step 111: To obtain n-network of proto type high pass filter.
79.57 nF
o {— -0
Cc
39.78 mH 2L 2L o 39.78 mH
° o
Fig. E 9.7 (b)
9.8.3 Constant-K Band Pass Filters y

T-he constant-K band pass filter as T and n-networks are as shown in Fig. 9.25 (a) and (0) -
respectively. It is a srires combination of a low pass filter and a high pass filter with / cut-off
frequency of the low pass filter and £, cut-off frequency of the high pass filter. Where f; < Jo

Thus the overlap allow only a band of frequencies to pass
L, L |

- a
R e,

? zci 201 —2_ L
: 00000 "_"‘—'—“_W——o o— w—"l
L TG 2L, = %
Fig. 9.25 ‘

Scanned by CamScanner



'_,‘-."
' For '|'.nrlm1lrl~ -

Z, Job |

he impedance of series arm, < T jm' 20
F - et |
Y w1,C, 1

o xl i l[}("

; { sl 7w jnds || :

{he impedance of shunt arm, 2y = J0N jad,
) ~Jwl,

or “" |- w?iyCy

L(1-w*L,C
mercfore, Z,2, .z( nl:-2 1Cy)
C,(1- 0’ Ly (y)

For the series arm, the frequency of resonance is piven by
: I
w, = m
and for the shunt arm, the frequency of resonance is given by
1

when both resonance

1 I
Then, we get —p=== *
oo T " T

or L,C, = 1,Cy
L I}
Pl e e P 2
Therefore, ZZ,= -G Ry

4 Cut-off Frequencies:

The cut-ofT frequencies are given by

Z,+42,=0
Z=-42

or

Multiplying both sides by Z,, we get
zltu -4 722, = -4 an

" Z =) 2R,
This equation gives two cut-off frequencics:
M Jo 2 Z,= =] 2R,
At fr'; ' Zl - ‘i"j Enﬂ
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e N e D T T T e e R P C
""E. Q@ -
. L

the impedance Z, of the senes am at [, w negative of the inpedance 7 o |

I hrchwe,
. b | o
I:PNL al I ji u”r! | i,
| ( '
N w, ) | ™ la w, J
o'l C | :::I (m:l' l G Il
SiwC ”I “‘ . II? and ay, Elfg
wy
LY [,c ] ,
I herelore, [ }n_ : f: A
Sotra
or - fa=- 2G5
0 fq( 2 ) ;
f}, i
or = ot 3

Therefore, | Jfo= Jf.-. Je,

Hence, the resonant frequency of the band pass filter is equal to the geometric mean of the
two cut-off frequencies.

(#) Filter Component values: !

I'he filter components are €, L, C, and L,
We have, at cut-off frequency /

Wy e

Z,*-J2R,

|
or [1“111";':‘_“]-- /2R,
@ L
o) 24
o
u: IR'I-ill.'l
/ 2
or L }.':] “4 xR, [
?
| .
| fq fri ‘l..!‘}
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" ! f‘ll in R“ .r.'] rl:l‘1
of _
[ i = Ll N ":[ ‘!
hercfore. [ BTN
‘ |
\ 'E'l = =3
Sincts @
fiom peeticgne
o in ."IJ‘ tl
1
of Ll - 4 '.ltl LI f‘-. (". (Sﬂh‘q," f;}- = _!:L '_f:_:)
putting the value of C\, then we get
TN
- (LI F‘ﬁ't)
L= |4
3 L,=C, R,
Puting the value of C, then we get
g, o= ta) B
an f. 1.,
4
and c,= =
Putting the value of L,, then we get
1
C, =
YRy (1 - 1)

lh‘*— 98. Design a constant — K band pass filter with cut off frequencies 3 KHz and 7.5 KHz
I\ and nominal characteristic impedance of 900 €2

Step 1: To determine the values of components of a constant —K band pass filter.
Given, fo =3KHz, fo = 7.5 kHz, Ry=900 Q.
We hmw that,

L, = = X ~ =63.66 mH
2(fo - fo) 3:14(75x10°-3x10°)

R,(fq—fq]= 900(7.5x10’-3x10‘] - e
4% foJo, 4x3.14x3x10° x 7.5x10°

Llnr

canned by CamScanner



Wi ¥ F'F W AT EE RN

e Rt - T
912 uSVNrHE Ste
]

(£, —fa) __ 75x10-3x0}
ComAm Ry S Sy 4X314x900x3x10° 7 5,15 01y |

. — —— i
Q7w (S - f) 3.14 x 900( 7.5 10’ 3e107) 00y |

Iherefore. -1 =——— = 31,83 mH and 2C, =2 * 0.017 uF = 0.034 pF

Step 11: To obtain constant _k band pass filter circuit. The constant - & band pass fj

h.l‘,"r Iy ‘Fh
= 3 ﬂ“|
i“ Fi'g. ['4 9+E. n
31.83mH  0.034 pF 0.034 uF 3183 mH
Il
: o——— 0000 {} 1) B0 ————
I L, 2C, 2C, L,
Fi 2
14.32mH B L; G
-’V 0.078 uF
o —0

Fig. E9.8

Example 9.9. Design a proto type band pass filter with cut-off frequencies 1.25 kHz and
2 kHz and nominal characteristic impedance of 4kS.

| Solution.

1 Step 1: To determine the value of components of a proto type band pass filter.
Given, fo =1.25kHz, f,, =2kHz, R, =4 kQ.
We know that,

e R 4000
' ow(f,-4,) 3.14(2000-1250)

=1.697H

_Ro(/e—%) 4000 2000 - 1250)

L = 0,0954 H
2 4nf f.,  4x3.14x1250 x2000
i A _ (2000-1250)  _ ooboF
' An Ry f,f, 4x3.14x 4000 x 1250 x 2000
nf
- CZ: 1 I = ]_ml

%R (f, — f,) 3-14x4000(2000-1250)

Therefi ﬁ:ﬂ_
0% 5 T3 =0848 H,2C, = 2 x 5.968 nF = 11.93 nF

2L,=2x0954=0.19 H and ¢ _ 106.1nF
2

5 = 53.05 nF
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!l obatin prototype band pass filter as T and n-networks,
The prototype band pass filter as 7 and r-sections are as shown in Fig. E 9.9 (a) and (b)

gively.
*“F:LH 11.93nF 11.93mF 0.848 H

I 1697H 5968 nF
oI =T o—————m—| o
Ly 2C, 2C, L L, c,
T 2
. 1 & LG
00954 H Lo T & 108.10F 019HEB2L, T3  019HB2L, T 2
53.05 nF 53.05 nF
_— o o .l
(a)

(b)
Fig. E 9.9

144 Constant-K Band Stop Filters

The constant-K band stop filter as 7 and n-network are as shown in Fig, 9.26 (a) and (6)
espectively. It is a parallel combination of a low pass filter and a high pass filter with £, cut-off
fequency of the low pass filter and fr! cut-off frequency of the high pass filter. Where f, < fq.

s Ly
2 2
— 00000 —00000 -"UUEW"—"
o —a -
2 1 Lz EG'| ELZ 1 2'_!
& G
2
-2 T X -0 & T = T o
(a) (b)
Fig. 9.26.
for T-network:
. zl - jm‘l‘l I 1
The impedance of series arm, —= === | 702G,
I .
Z, 2 )\j2oG ) _ _ Jjoh
o 2 joL, | 2(1-0’4G))
2 ;'EMCI
3 Jjol
" 1 !—mz 11{:1

The impedance of shunt arm, Z; = jol, +FJ'E;
0 L,Cy +1
. %
_ .[Nzﬂfz‘l)
or Z,=J

wCq
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L = -

19 NI e

2 "
_ L L(-e L)
Therefore, 2,4, Cy(1 ~winCy)

For the series arm. the resonant frequency 1s given by

|
" G
I
And for the shunt arm, the resonant frequency Is given by w, E—Ez_
For equal resonant frequency, we get

or Lr('l = sz.‘z
fa
Therefore, zizz = _.!' = _IHQ* 2 Rg

G, G
L _ |4
R=|—= |—
or 0 G, C,

(  Cut-off Frequencies
The cut-off frequencies are given by
Z, +4Z,=0
or Z =-42,
Multiplying both sides by Z,, we get
Z?=-42,Z,=-4R,

or Z,=tj2 R,

This equation gives two cut-off frequencies.
At f, Z, =+j2 R,

At [, Z,=j2 R,

Therefore, the impedance Z, of the series arm at f, is negative of the impedance at f;. it
[ jol, ] ) [ Jjol ]
1—0?LC |, ~ |1-@?
; L; ' 1m0 hG ey
or joL(1-0’LC)=-ju,L (1-02L,C,)

1-ofC, = Ef (03 1c; -1)

. 1
Since, i
L, G o and @) =2nf
¢ 2
Therefore, 1- E‘—] =£“—'|- i 2__1
\ Wo W [\ oy
2 ™ -
. _f_.) A [a 5
L /o o I\ o
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L
2-12 = I—;(L‘f-ﬁf)

f[‘-f—] Lok 4 S
or It = Sor S

Therefore, Jo= y fc, ff:

Hence, the resonant frequency of the band stop filter is also equal to the geometric mean of
2 TWO cut-ofT frequencies.
@ Filter Component Values

The filter components are C, L, C, and L,

We have, at cut-off frequency f;-'t‘

Z, =+j2 R,
Jaoyly,
or 1—“]2.{1(:'] —;'2Ro
'ﬂ]|L| _ . 2 1
_2 S R,
. 1_(5'1}2 . L 7L
@y
A P ool :
1-[iu] =T (Since, ©, = 2xf;)
Sy oy Ly .
1- = Since, f; = \|fo /.
EE: 3% )
oL/
. fo=ta = ZR:
2n fy nf. _
= T“Ro—‘l (o =2rf)
Rl{fc_!__fq)
Therefore, h==%r7
S L,C "—I'
ince 1517 2
1

Putting the value of L,, then we get

1
> ng _fq)

G
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916
ly [l
We have R, ¢ s
w Ly, Ry €,
Putting the value of C|, then we get |
| R |
b= e 73
an (fe, —Jc)
i.,_
and ;= Rg
Putting the value of L, then we get
o fq _ff‘,___
Pk fo 1,

Example 9.10. Design a constant-K band stop filter with cut-off frequencies of 3 kHz and 75 e |
and nominal characteristic impedance of 900 £2.

Solution.
Step-1. To determine the value of components of a constant-K band stop filter.

Given, [, =3 kHz, f, = 7.5 kHz, R, = 900 Q2
We know that,
- % 3
RS 900(75x10° -3x10°) o

N RS S 34x3x10°xT5x10°

o 4::{,!?—&) ) 4:-:3,14(1510:]03—3“&3) o

Gi= 4::.?‘,{;;1 -f) 4x3.|4x9¢}n(?.[sx|03-3x103) e

Cp= uf;:) }:12 =3.14 x;j(::}x_l(::]xxlfsmtf i
Therefore, %‘- = %E =28.6 mH and 2 C, =2 x0.0196 = 0.0392 pF.

Step-11. To obtain constant-X band stop filter circuit.
The constant-K band stop filter is shown in Fig. E 9.10.

s 7 el 0.0392 g
L'Ecl -lélﬂ'ci
o— 3 -
—00000 — 00000 ~
28.6 mH & J- 0.707 yF  28.6 mH
L& 159 mH
.o —Q
Fig. E .10
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DISADVANTAGES OF CONSTANT-K TYPE FILTERS

The attenuation is changing gradually in the « , o

(N s rmqut:ncy.bpu:sbthruugl?:hu“:;ig:«:‘p band, theretore, some of the frequencies

(2) Itis expected that attenuation should change very
off. But it is not changing sharply, This can be «
proto type sections of same type (cither T
attenuation in multiple,

3 :I"here is mismatch belw:_:en the load and filter section. This is because characteristic
impedance doesnot remain constant in the pass band.

410. mDERIVED FILTERS

To overcome the disad\rar‘llugcs of the constant-K type filter; the characteristic impedance of
«ach section in ca_sca_tie conncction must be same. All the disadvantage of constant-K type filter are
avercome by designing a new filter, called as m-derived filter,

0.10.1. m-Derived T-network

. Fig. 9.27 (@) and (b) shows the constant-K type T-network and corresponding m-derived filter
 having the same characteristic impedance respectively.

& Z, Z, 2
2 3 A
- LI 1—o o—{"} {] °
ey mZ
£

. ? (s

o 0 o O
(a) (B)
Fig. 9.27.
For m-derived T-network, we select Z," = mZ, and Z,’ = Z, such that characteristic impedances
e equal.

sharply in the stop band after the cut-
wercome by connecting two or more
Or T sections) in series. This increases the

' 2

The characteristic impedance of constant-K type filter is given by 2= 2 +Z,Z, -
4

The characteristic impedance for m-derived filter is given by

2 252
_ (£ iea m-Z
Z"nr~ J"EL+Z|ZE J 4' +MZ-|Z'1

Since, 2= Z.r
zlz szzlz )
Z. 7 + = +mZ, Z
| Jl 2% 4 1= 2
: Squaring both sides, then we get
zZ?2 m*zZ? ;
i ZIZZ +"§L = 41 +mzlz!
!
| or f o £3-+(1_m1)2'
4 = m 4m '

Italmthlml.’neshumumzz’cmmistuuftwnimpodmminuﬁuudw\minﬁg,ﬂjl.
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Fig. 9.28 Completo m-derived T-natwork

Z l-m" ). - ; i B € e _
constant-K type T-network is obtained.

9.10.2. m-Derived n-network ‘
Fig. 9.29 (@) and (b) shows the constant K-type n-network and corresponding m-derived fijye

having the same characteristic impedance respectively.

Z |
o ll II 0 o-

2 " 2 _
[Je 2| Joz: 22 Jez

Z
Y
L

(a) (b)
Fig. 9.29.
z
For m-derived n-network, we select Z," = — and Z, = Z, such that characteristic impedances

are equal.
The characteristic impedance of constant-X type n-network filter is given by

2,2,
zox - | +i
‘1 4Z,
The characteristic impedance of m-derived n-network filter is given by
X
m
1+ - Z |

Since, Z_ = Z.,

z'l ‘_2,2.

Z.Zz ” H'l
Z Z’

1 i



- 010
f squaring both sides, then we gel
b RALSH 22,
Z ' 2’
I 4;, m(l \ me
-2 'Ii’z

, mZ’ 7
22 ==L = 202, 1440
of mdy ‘[ 17 ] J’|d‘f:(li ' )

™Y
- =y
a

a 2.
z z:[l+_l:{|_}_Fll 2\

“'E: iI * l - mzlzlz
Ami\7
of z; - = 11 2
Zi(l=m )+ 47,
-Imz‘ Zy Zy

: mZy (1= m*) + Amé,

mz, (—4-”’2 )z:

l—m
or Zy = Asi
HI'Z| +( "—',2'] Z:
l=m
It shows that the series arm Z{ consists of two impedances in parallel as shown in Fig. 9.30.
A
S
o— mZ, o
2z, [l] 4m 27
- ('—‘1_ mz) "'e m
o O
Fig. 9.30. Complete m-derived n-network

( 4m
\1—m?
iconstant-K type m-network is obtained.

The impedances mZ, and )22 can be obtained by keeping 0 <m < 1. 1f m = 1, then

M0.3, m-Derived Low Pass Filter

Fig. 9.31 (a) and (b) shows the m-derived T and n-networks of low pass filter respectively.
mL miL

2 3 R )
(%)L T -[ (Lim) °TT
o= {.} o o tb! o

Fig. 9.31.
For low pass filter, we have

1
z,= joLand 2, = Jon
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chosen so that it is resonant at some f’“‘:l'-ltncu;
’ h%t

. o arm is (o be
For T-network, Shunt t frequency f, = fu.

cut-off frequency /.. Therefore, at resonan

2| . ‘[ '_’!‘i)z,
4m

m
Putting the values of Z, and Z;, we get

2
L _ [l_” )m,!.
m o, 4m

We have,

|
o L= Wca-m?) e
Since, the cut-off frequency of the constant-K low pass filter is given by f = _r?:flf‘?
Therefore, 1= JI—{‘E
. [

Since f_ > f, we must have 0 <m < 1.

If a sharp cut-off is desired, /, should be near to f_. If /. and £ are known then m can be
obtained. Thus, all the component values of the m-derived low pass filter of T-network may be
obtained.

For nt-network, series arm is to be chosen so that it is resonant at the frequency /_ above cut-
off frequency f_. Therefore, at resonant frequency =,

4
We have, Imz,| = |(I _:2 ) Z,

Putting the values of Z, and Z,, we get

e miﬂ‘[zf:i]

_ 4
r LC (I—MIJ 4‘!!2!;2
or !;= 1 -
s,
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piers . :
> aple. #.II_.. ﬂﬁ;‘g’ "':i:;wfd T:“"d m‘_"*-"“’”*" ks low pass filter having nominal characteristic
R, = 900 cu frequency [ = 0.9 kHz and infinite attenuation (or resonant) frequency

apodonce

3 1000 Hz.
lution- .
;HEP": To determine the values of m, L and C of an m-derived low pass filter.
" Given R, = 900 £, /.= 0.9 kHz = 900 Hz, f_ = 1000 Hz
For low pass filter, we have
2
R
Jeu
900 \’
= 1— — =
" (mnu) 0436
Ry 900
L - i = ) . =
.~ 314x900 318.3 mH (r Ry=K)
i . : =0.393 yF
mRof, 3.14x900x900 3

Step-11: To determine the value of components of T-networks of m-derive low pass filter.

mL  0.436x3183x10”
2 2
mC = 0.436 x 0.393 x 1075 =0.171 pF
The m-derived T-network low pass filter is shown in Fig. E 9.11 (a)

= §9.4 mH

69.4 mH 69.4 mH
o— V000 [ooo————2°
mL mL
2
z 0.171 uF & mC
A
147.8 mH (—-ﬂ)l.
T 4m
o— —0
Fig. E 9.11 (a).

Step-111: To determine the value of components of n-network of m-derived low pass filter.
mlL = 0.436 x 318.3 x 10 = 138.8 mH

6
mC _ 0436X0393x10° _ o oss g

I

2 2
2 = 2 -6
1—m )c= [1-(0.436)]% 0393107 _ 0 00
dm 4x%0.436

The m-derived m-network low pass filter is shown in Fig. E 9.11 (b)

oCdnnea py vdamocanner




Jes L
; L]

A
3

% — 0.0855 pF - 0.0855 uF

Fig. E 9.11 (b)

9.10.4. m-Derived High Pass Filter ‘
Fig. 9.32 (a) and (b) shows the m-derived T and n-networks of high pass filter respectively,

2c
m
- |

L

1

2C
m

1
LA

&
m

2L
m

N
3|~

H

For high pass filter, we have

For T—Iet'ﬁrh., shunt arm is to be

frequency). Therefore, at resonant freq chosen so that it is resonant at some ﬁ»oqu_{momﬁ

uency j; = f-.

(l—mz]z

4m !

we get

oL (‘-mi] 1
" am ) w,C

%
m
Putting the values of Z, and Z,,

We have,

ouval 1l icu Uy waliiwvoual i ivli




(1 -m*)

w? 2 2
F 4;1‘* 4 n ff
b 1-m?
o fr 4! J I.{'l' fl—

since, the cut-off frequency for the constant-K high pass filter is /. =
Thercfore, y i ( l-—mj).ﬁ

G

Since /_, < f,, we must have 0 < m < 1. For known values of £, and f, m can be obtained. Thus,

Jl the component values of the m-derived high pass filter of T-network may be obtained.

For R-network, series arm is to be chosen so that it is resonant at the frequency f_. Therefore,

u resonant frequency f, = /.

W— iz - | (7222 )2 |

-m

m [ 4m ]
= oL
l.l']rC ]—~,m1

2. (=m) 4n? f2

o VTS
. I—m? -
- rax\N c -

1
Since, the cut-off frequency of the constant-K high pass filter is given by /. m i

Therefore, fo= (Vi=m?)-£,

7]
" Je

This is the same as that of the T-network high pass filter.

!l!uple 9.12. Design m-derived T and n-networks high pass filter having nominal characteristic

impedance R, = 900 £2, cul-off frequency f. = 2000 Hz and infinite altenuation (or resonani)
frequency f, = 1800 HZ.

Solution.
Yep-I: To determine the value of m, L and C of an m-derived high pass filter.

Given, guugmn;;-zwﬂﬂnf.“ 1800 Hz
For high pass filter, we have

]
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'E”‘?] 0436

» \.l"[zmm
& _ W - 35.81 mH
L—H'“}.szmm At
I : :
R Ax3.14x2000x900 442 uF

Step-11: To determine the value of components of T-network of m-derived high pags filter

and c=

s 1076
2 2x00442x10° oo g
m 0.436 :
-3 ;
L_ M:gg_[_;mH ]
m 0.436
; 0442x107°
( 4m1)C= 4xﬂ436xﬂﬂ442_>< ey
1-m? [1-(0.436)?]
The m-derived T-network high pass filter is shown in Fig. E 9.12 (a).
2Cc 2C

° iT
0.0202 uF (4_'"!) c‘L 0.005uF 0.0202pF

1-m

m
o

-,';;— 82.13 mH

‘_

_ Fig. E 9.12 (a) i
Step-111: To determine the value of components of T-network of m-derived high pass filter.

i
1
:
2L _ 2x3581x107°
= X = 164.26 mH
C _ 00442x10°
m 0436 101 pF
( 4m J _ 4x0.436 x35.81x 102
__—I-—m: -————I 3 =T77.11 mH.
| -(0.436)
The m-derived x-network high pass fil ]
':'u

B~

ter is shown in Fig. E 9.12 (5).
7711 mH

4 m
= (T—M)L

=30

[+ ]
r~-

2t 0.101 wF
m 164.26 mH

16426 mH

3

Fig. E 0.12 (p N
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o vasl Tl prans tthes s showi i | g Y id

TR LA
"\ “Ly 20, iy
i m g
o 00000 1) , Il 00000
: (IJ :: ]“
amh.,
l_ (I mi) !
: |
:.r;. ] l mC,
e °

Fig. 9.33. m-derived band-pass fliter.
We now derive expression for m in terms of £ and two cut-off frequencies j:.t, fc:.
Infinite attenuation in the network will result when the shunt arm impedance is zero at f_ iLe.,

¥
l ’"- 4m = ] " ® -
whent the sum of impedance of [ i ]Ll and [_:’;j )f-l and impedance of parallel combination

|

L
of mc’, andd L becomes zero,
m

Iherelore,
Joulp 1
|- m? {l—mzj m jo.mC; 0
[_fm. [ 3-;'_] i Jw_4m f—':]+ Joolp 1
: m  jo.mC
02 (=) LG+ (A-m?) ol 3
o jo.. 4mC, ~wimly Cy+m

[—wd (1-m?) 1aCy + 0 -mh)]x [0l 12, 1] +0d 4L,C, = 0
[I__.f.'.i] [ﬂ]_z. LG -|) [ﬁl’_'.LzC! -|] = mz-ch'l 1)
Since, for band pass filter

|
b= kG o} }
and w_ = 28 f,, w, = 2nf,
Then from equations (1) and (2), we get

[.I.T__'!'i][[f:): 4]2 - am 2L .(3)
4 fo
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Again for band pass filter, we have .
L da"ta ~Ja and L, = =9
12 Sodgt €7 anR, o Lo anf, /.,
Putting these values in equation (3), we get
: 7 L )z
(0 R [E_JT]
4 L Sy 167 f;l &
- 2
0y (21 te)) = 2 (e Sa)

or f - JI :
-m

2
Jey ~Jq t‘j("f‘? _fr_:'L)__+4f;|fG1

| — m? (1-m?)
Therefore, L™ 2
| A A
o ‘- 2V1-m? iJ 4(1-m?) ks -

‘ From equation (4), it is clear than second term is greater than first term. Therefore, one root
will be appear as a negative frequency that has no physical meaning, therefore, the expression of [,
should be reversed. Hence, two frequencies of peak attenuation are given by

_ (-1 =
L. = JL*__L S -1 5
: 4(]—!‘!!1) +qupz 2 ]_ml
and - (f -f }1 s
f. J__‘?._i_ Joo =t .{6)

Subtracting equation (5) from €quation (6), we get
fw: s PO ftu ‘fq

1-m?

M:J:_[ "rfll _'fﬂ i
s

When multiplying equations (5) and (6), then

Solving for m, then we get

we get
_f\2
fuy il m [L{i‘-é'-)—wf ] [(fﬂ: "*fqlzJ
4(1-4“1] "If": B I .
" 4{[—5:1)
I,

oudalllicu vy vdlliouvalllici
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e
of fn=1||fwl'fml

e m-derived T-network band pass filter, arrange as n-network may be split into two half
and used as terminating half networks.

. m= 0.6, then satisfactory impedance matching conditions are maintained over the
T pass band.

 COMPOSITE FILTERS

we know that m-derived filters are designed in order to overcome the drawbacks of a

.K type filters. But the major drawback of m-derived filter is that, the attenuation in stop

drastically reduces after /__ in low pass filter and before f__ in high pass filter. In order to obtain

pest results, @ composite filter is used. Such a filter consists constant-K, m-derived sections and

rminating half L-networks as shown in Fig. 9.34. But, while connecting the different sections,

there should be proper impedance matching between sections. For obtaining it, the different sections
ye terminated with two terminating half-section with m = 0.6.

0.1

Ro

Terminating One or One or Terminating

* half more more half

Vg (~ L-network constant-K- m-derived L-network Ay
- with filter with filter with
m=0.6 1 with £ m=0.6
Fig. 9.34. Block diagram representation of a composite filter.
In Composite Filter:

(@) Terminating half sections : Provides proper impedance matching.

(b) Constant-K-networks : To give desired cut-off frequency /. Usually only one section is
sufficient. But the number of sections depend on the attenuation required.

(¢) m-derived networks : To give infinite attenuation at frequency £, close to f. The number
of infinite attenuation frequencies decide the required number of m-derived sections. One
section is required for m = 0.3 to 0.35. m-derived sections are preferred, when a rapid rise
in the attenuation is required.

The proper impedance matching in a pass band is obtained by using m-derived half sections. m-

derived half sections are obtained by splitting m-derived T or 7 section centrally.

m-derived T-network filter, corresponding n-network filter and corresponding its half L-sections

e shown in Fig. 9.35.

The characteristic impedances of the m-derived T-network filter at each end is Z,j, for m-network

8 Z/_. The image impedances of these half networks seen from the two ends are Z ;. and Z,, .

oz T hm o 0%

m —Zy
"‘"‘ [
= = (6) =

- (a)

A ASICIRINASAN | Uy A4S IR RA AV ICIRINAS] ]



4
s )= >-— {..'1 —
22. i _r‘- LS
— , , d .TE m
F * odyr ot ¥ ] =<,
- 1 ﬂa‘lf v rl. 1 L -
\"Bm /! s
= ° e — e —
(ol

Fig. 9.35. (a) mv-derived T-network Biler
(b} conesponding ®-network Fiter
() and (o) corresponding hall L sectons

Now, we derive an expression for the characteristic impedance of the m-derived I netwarg
filter as shown in Fig. 9.35 (a).
Let Z/ and Z; represent total series and shunt impedance respectively of the network of

fig. 935 (b), then
” ’ - 22 I—Ml =
Z, = mZ and Z; = ;;'*l'[ ypm ]*‘51
Since, Z.2, ~R3=20 23
2
Z; t-m’)
’ Z42Z' (mZ|][;"-+(-4m ZIJ
then Z. ™ = o
Zor "—'-':z _
;‘ +£I£2
Z
22, 140 -m?) 7
-1 2[ ( m )422]
21+ 7!
Jt 1[ +431]
or Zm ~ (Since, Z, 2, - k) 1)
Now, 21 Z o
z'- 2 (Since, flz': - R'l’
or Zﬂﬁ -]
I+ Z'
42,
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from equations (1) and (2), we get
G w321,
£ Zm[l+[l m }421] )
gquation (3), represents the required expression for the characteristics impedance of the half
; #;mrk 7, in terms of the characteristic impedance of the n-network filter Z,.
0 For Low-pass Filter
I
We have, Z,=joL and Z,= el
putting the values of Z; and Z, in equation (1), we get
2
Rﬂ[l_ﬂ N LC]
Zx = p— Coif==1
J L 0’LC
4
1
i = and @=2nf
Since, I —Jic
2
R,,[.-u_m[ﬂ ]
c
Therefore, L

0

1 o
We have, Z, = }EE and Z, = jwL

Putting the values of Z, and Z, in equation (1), we get

1
e ],_.mz __.-.—]
R°[1 ( w’LC
zf = ________l—-——-

l_
w’LC

o[-}
-4

it is clear that Z;, remains practically constant at the value of R, for

er and upto /= 1.18 £ for high pass filter. Beyond this

ﬁ'mncy Z’_ rapidly approaches infinity. Thus, if m = 0.6 is selected then the filter is Imn'inawi

Ycurate] ,int?; ure resistance. That means there is no mismatching and a filter is properly tennmated.

T'My pnmtinn of the m-derived T-network terminated both sides by half L-networks is
represe

$hown as Fig. 9.36.

() For High-Pass Filter

1
i = d =7
or A (Since, f, JiC o W N

From equation of Zgg
M= 0.6 upto £ = 0.85 f, for low pass filt
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230 . g
~Z mZ. — =
-_ = - ey
Hﬂ‘ ‘ -'"i""' — | B _.__—_____-__‘-'—5-..___‘
T P— S —
1 2>
] 2% 2 =
= L —_—
—
! £ =
"1
' # Hi L - i b
(== am/) Fr s
1 2‘”; — o -
; |
_? 1 & w _E’T.-Ha-__'_‘———__‘__‘-
. Y L of e
i Termanatng % it t - 2
i T- network e -&T

| hadf L-network
mnx:mduMvaﬁﬂﬂ Wmﬂrfﬁihm

9.11.1. Design Procedure of Composite Filters
The design procedure of a composile filters are as follows:
Step-1: First, design a constant-K type T-network filter for required cut-off frequency /” and noma,
design impedance R,.
Step-11: Then m-derived network is designed on the basis of T-network. The value of m is selecey
for the desired value of frequencies of /. and /_.
i Step-111: The m-derived T-network is connected in tandem with constant-K type T-network s
terminated at each end by half L-network with m = 0.6.
M“WIMMMIM&S@MR#MﬂﬁﬁmW;ZHHM
attenuation at /.
Example 9.13. Design a compasite low pass filter using T-network which is to be terminated m 400

82 resistance. It must have a cut-off frequency of 800 Hz with very high attenuation & 563
Hz, 1000 Hz and at = Hz.

Solution.

Step-1: To design the constant-K low pass filter.
Given, R, =400Q,f =800 Hz
For constant-K low pass filter, we have

1
ks s B
) € IE - R" C
anﬂmmmgﬂ
| -5 and C= —
| *Je xRS
. 400 -3
I - = g L 159?('0 -
i 3-14:!(!“] ‘]59[“]'[1 —2_ = > _."HI'EI!IIH
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m ! s [-3“-‘?]' 0.38
V' (ses

ence the component values of this filter are

ml - 038x159x10*
- e 38 302 0

2 -
1-1"1] [1-(0.38)" %159 x 107"
e i S i = —
{ Am 4 x0.38 =PI

mC = 038 x 0.994 x 10® = 0378 ¥
gep-111: To design m-derived terminating half L-networks for £ = 1000 Hz and f, = 800 Hz

mn |_[_fLT I_(.,._..ﬂ{m ): =0.6
Je 1000
This value of m will be appropriate for use in the terminating half L-networks. The values of

component of these sections are:

mL  0.6x159%x107

- - 3 =474 mH
[-MI}L -6 Ix1s9x10” 86 mi
L

. —
mC _ 06x0994x107 _ 00k

2 2
Step-IV: To obtain complete design of the composite filter. The composite filter is shown in
Fig. E 9.13 (a).

mL L L mL mL mL
R 2 = 2 Y
1
E : i
86 mH : ; : 86 mH
| T : :
I
| 1 ] .
; F—=mC
Y : b ot il y_ 2 TwF
Hall T~ ConstantKfiter 1 m-derived fiter | Halt
L-network ; m=11l == ' m =038, [ = 865 Hz L-natwork
m=0.6, [_ = 1000 Hz m=0.6, f_ = 1000 Hz
Flg. E 9.13 (a)
The simplified version of composite filter is shown in Fig. E 9.13 (b)
126.9 mH 109.71 mH 7761 mH
89.5 mH 86 mH
86 mH 0.994 pF
0.378 puF 0.208 uF
T ﬂ.m P,F T T T =
o—
Fig. 9.13 (b)
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9.12. LIMITATIONS OR DRAWBACKS OF PASSIVE FILTENRS
The passive filters have many drawbachs some of these are as follow
() They require an external amplifier to pros ide sutable pain

(i) For making a composite filter, sev
order to prevent loading, isolation amplifiers are neviled

(i) At low frequencies the use of inductor is undesirable, as inducton are bulky il Coyly
() High range of quality factor (o (}.1{“"1111-] s ol l'lt'l'l.ﬁ.il‘ilh
9.13. ACTIVE FILTERS
Active filters are a class of frequency selective circuits m which resistanges, VAP gy d
active eleineats (ie., transistors, up~amlml are used. The design ol active ilters i (e | on the ™
transfer function which satisfies certain specifications.
The advantages of active filters are as follow:
() They provide good gain and excellent isolation properties, e, high wnpat and foy Dty
impedances.
(i) They eliminate the need for inductors which are large, bulky (heavy), costly, nop Ineay
(some-times) generate stray magnetic ficlds and may dissipate considerable powe
(i) High range of quality factor is possible.
(iv) They are compatible with integrated circuits, due to the absence of inductors,
(¥) Reduction in power consumption.
(vf) They can be designed and tuned independently with minimum interaction, due to its excellent
isolation property.

9.13.1. First Order Active Low Pass Filter

+ The circuit of a ﬁnt_nrdcr active low pass filter is shown in Fig. 9.37. As we know that the input
!mpedame uf_ an operation amplifier is very high (i.c., infinite for ideal op-amps), thercfore the
nput current is almost zero and hence the current through R, and R, are nearly equal,

fT“I ,““H.a‘ Ale s Hl.l‘ll '-Ilpl “II 1 ]h" "'F Ly

11 I'“'""J" i

R
o> AN ——E—
3 ¥ / 12 oV,

C —
HJ

Iy
J
R1

. IO
- PO
R| v
or v= —ljr (N
1+°2
R
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{ ot figgure, we have
A
v~V v~0 |
.I' ..t' .
) ’ [ I ] { R ]
s
[ I ] "
"‘Il vl
s RC's
v Yi
i L+ RCy (2)
prom equations (1) and (2), we get
Vs v,
| 4 HI‘ I+ RC's
R
. |+ J:.'-‘
i |
(3
" v, 1+ RCy (3)
From equation (1), the gain of the op-amps is given by
v R
A, =2L=1+-1
1o e
From equations (3) and (4), the transfer functions of first order low pass filter is given by
Kl - y
’f{s} = EE- = L - 1]
Ir“l I+ RCs 1+ ( X ]
o

1
—— . the cut-off frequency.
where 0, 7 eq y

Therefore, for given cut-off frequency @, and assumed value of C, the value of R can be
mluated. Similarly, for arbitrary gain A, and some assumed value of R,, the value of R, can be

valuated and hence first order active low-pass filter can be designed.

\13.2. First Order Active High Pass Filter ‘
The circuit of a first order active high pass filter is shown in Fig. 9.38.

c v
v,o—>—| e .
Iy v / ~ Yo
Ry
R

Iy

Ia L
Ry

Fig. 9.38.
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Since. l= 1
v=0 vy~
R R;
R,
—=y+v =V
R
(! ()
o : Ry
1+
R
FFrom figure, we have
I =1,
v, =V v—=0
ar (_.I'j R
s
Yo
“i ' RCs
¥
et 2
or V= | 12)
{4 —=
RCs
From equations (1) and (2), we get
Ve W
R, 1
by A PR
'+ R, RCs
R
1+—2 |
or 2 - « A3
2
vt 1+ ——
RCs
From equation (1), the gain of the op-amp is given by
A =i=1+ﬁ .{4)
v R,

From equations (3) and (4), the transfer function of first order active high pass filter is given by
H(s)="0 - ""I -
Vi I+— 1 +(E..!
RCs 5

|
where @ = RC the cut-off frequency

Note: The first order active high pass filter is obtained by inter changing R and C of fi?
low pass filtcr. The transfer function is given by mathematically applying the transformation

¥

W,

Low pass fikor ( s

oldIlineu py udilnocdIiinier
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33 Active Band Pass Filter

|- - . ;
. The active band-pass filter can be obtained by cascading active low-pass filter and active high-

filter as shown in Fig. 9.39. =
$s =
Active low- Actrve high-
Y pass fiter pass r,;tg? 2V,

Fig. 9.39. Block diagram of an active band-pass filter
[he practical fmquency_f responses of the active low-pass filter, active high-pass filter and active
d-pass filter are shown in Fig. 9.40 (a), (b) and (¢) respectively.

» Hy (o) A Hy(pw) A Hjw)
,q{l _______
0707 Apb---f--===--
] ! i
i ' [
] ] i
i } ]
i ! i
] 1 i
i > 1 e JT
0 Uy 0 L wm 0 0y ay
(a) Frequency response {b) Frequency response (c) Frequency response
ol active low-pass filter of active high-pass filter of active band-pass filter

Fig. 9.40. Frequency responses of filters

9.13.4. Active Band-Stop Filter
The active band-stop filter can be obtained by parallel combination of active low-pass and

xtive high-pass filters as shown in Fig. 9.41.

Active low-pass
fier

Active high-pass
filter

Fig. 9.41. Block diagram of an active band stop filter.
The practical frequency responses of the active low-pass filter, active high-pass filter and active
band-stop filter are shown in Fig. 9.42 (a), (b) and (c) respectively.
M Hylfw)

b e - =

L

b Hiw)

b o

0 o > ®
(&) Frequency response (b) Frequency response (¢) Frequency response
s of active high-pass filter of aclive band-stop filter

of active low-pass liter
Fig. 9.42. Frequency responses of filters

%14 SOLVED EXAMPLES ON FILTERS
series inductance 80 mH and shunt capacitance

Example 9.14. 4 T-section low pass filter has
0.022 uF: Determine the cut-off frequency and nominal design impedance. Also design an
(UPTU-2006)

equivalent m-section.
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Solution.
Step-1: To determine (he cut-off frequency: y
The Isection low pass (e s aliorwn aa shown in Pig 12914 (a)
g fponont o
" 'ﬂ?ﬂﬂﬂ :
9 !
(
L1 ]

Fig. £ 9.14 (a)

[,
Given, series inductance, ) = B0 mH

or L= 160 mH
Shunt capacitance, ('~ 0022 pk,
We know that cut-ofl frequency,
|
fe™ wdic
. " l . I
S 314 (160x10*) % (0.022 X 107°)

or J. = 537 kHz
Step-11: To determine the nominal design Impedance. The design (or characteristic) impedance is

given by
=
R = JE
. 16010
. Ro™ \o.022x 100 = 2697 k2

Step-111: To design an equivalent-nt section.
The equivalent-r section of a T-section low pass filter is shown in Fig. E 9.14 ()

L (160 mH)
2 \Y
1 |

-0

Fig. E .14 (b)
Example 9.15. A series LCR type band stop filter has R = 1.5 k€2 L = 140 mH and €~ e
Find the () Resonant frequency and (il) Bandwidth, Also find the cut-off freguenctl. )
(
Solution.
Step-1: To determine resonant frequency.

Given, R= 1.5k, L = 140 mH, C =~ 300 pf.
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resonant frequency is given by

The
| |
™ i
/- .
r e — = — s e ) 1‘_"5
2x3.14 (140 %10 ") (300 x 10 12) R
gepll: To determine bandwidth,

]
Bandwidth = - o« ——13X10°

el 2x3.0dx 140 x 100 1706 kil
g1z To determine cut-ofT frequencies,

© Bandwidt

I'I 1.2 ==

Cut-off frequencies,  f,

1.706
Joy= US5T-—= =3m Kk

1.706
w Joy = 5T +——= =252 itz

Eample 9.16. Design a T-section constant K-high pass Silter having cut-off frequency of 10 kifz
and design impedance of 600 €2 Find its characteristic impedance and phase constam at

25 kHz. (UTIU-2000)
Solution.

Sep-I: To design (or obtain parameters) of a T-section constant K-high pass filter.
Given, £ = 10 kHz, R, = 600 Q
The T-section constant K-high pass filter is shown in Fig. E 9.16.

We know that . 2C AI{I:: .
" il
L 1 (0.02652 puF) (0.02652 uF)
R, = — and = L
* ¥e Je = onic (4777 mH)
From these equations, we get ! o
R, | Fig. E9.16
L= ar f,  and C= an R,
L= ot = 4,777 mH
4x31axioxie® 0™
' 1
and C= = (L.01326 uF

4%3.14%10%10° x 600

Step-11: To determine the characteristic impedance and phase constant at 25 kHz
We know that at any frequency £, the characteristic impedance for T-section high pass filter is

ﬂmby
5 2
e n {4
10x10° $
|'. = I""‘ "'5450
Za* O [zwm’]
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The phase constant is given by

9.1

9.2
9.3
9.4
9.5
9.6

9.7
9.8

2.9

9.10
9.11
9.12

9.1

9.2

9.3

94

9.5

9.6

p= 2smn L[ JIF‘—]
/
1010 . ,
[ Isin"[——-?] - 47.2° = 0.82 radian
25x10
THEORETICAL QUESTIONS

Discuss the disadvantages of k-byte filters. How can these be overcome using m-derived
filters? (UPTU -1005-2005)

What is filter? Define pass band, stop band and cut-off frequency.

What is constant K-filter? Why it is called proto type filter section?

Derive the expression for cut-off frequency f, of proto type low pass filter.

Derive the expression for cut-off frequency /. of proto type high pass filter.

For band pass filter show that series and shunt arm resonant frequency is the geometric mean
of two cut-off frequencies j;,l and j;l deciding pass band.

Define all the characteristics of filter networks.

Define m-derived filters. Derive the expression of m for m-derived (a) low-pass, (b) high-
pass (c) band-pass filters.

Derive all the characteristics of constant-K (a) low-pass, (b) high-pass, (c) band-pass
(d) band-stop filters.

Define composite filters and describe the design procedure for the composite filters.

What are limitations of passive filters?

Define active filters. List advantages of active filters.

NUMERICAL PROBLEMS

Design constant-K type low pass filter as T and n-networks for characteristic impedance of
600 Q and cut-off frequency of 1200 Hz. [Ans. L =159.15 mH, C = 0.442 yF]

Design a low pass filter as 7 and n-networks with £ = 2000 Hz to o inated load
: . perate a terminated
resistance of 500 0. [Ans. L = 79.6 mH, C = 0.3189 yF]

Design a high pass filter with cut-off frequency of 1000 Hz and load impedance of 600 £. At
what frequency a will be 10 dB? [ Ans: L = 47.74 mH, C=0.133 uF]

) o = 1.15 Nepers.
m-section filter network consists of a series arm inductance 2
_ 0 mH and two shunt am |
capactiors of 0.16 UF each. Determine £, and attenuation and phase shift at 1.5 kHz. What is
the value of nominal impedance in the pass band?
_ [Ans. 7 = 3.98 kHz, R, = 250 Q, a = 0, p = 0.773 rad]
DmgnaprolutypeHPthvingRu=ﬁmﬂmdf =2 kHz,
L4
s — [Ans. L = 23.87 mH, C = 0.0663 *:2
a constant-K hi pussmaectiunﬁltertumrkinmﬂ =50t]£1mdf='°w
Determine (a) phase angle (B) at a f= 1500 Hz (b) attenuation in Nepers at af=09khz
[Ans. L =398 mH, C = 0.16 uF, B = - 83.6°, a = 0.9343 Nepers]
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