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Na‘{'uﬁﬂ RESFO\"IS& I::«-F series RLC circwitSi
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Notuval Response of Pavallel RLC civewits:
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Step (Forced) Response of Series RLC civowits:
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EX. For +he cct- shown, find ith and Uctt) for £ .
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(A o B o et - S0 PSRRI E AT
. itE)= Aa Pﬁ:;'m L et P

s (}t
%%:—}~ Rz e (3464 s 3HEIE ) TR (- 2% } L s gt

=5 —
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=
£ S : 31{,&
also ; UR+VL+U¢:JO = Kict)+L :Fl”"u t‘U-—fD
B di(o) s :
(oY 4 L ot el U (o) =l — dw:c:f)__;____ e TSN Qmp/
ot .S Sec.

©.% =3.464 Ay =7 Rz= 0.25

| = £
(t) = 0.23 € sin3.464t _amp

- L ity
I:‘EJ JC:' = I[{-J - AT

. 3 -
_________ = lo_ 10 (0.238 b:n 3.464t) - 2.5 (022 € (3.464 s 3.464L)

- +r,12.5( 2 e ) 8iN3: HS%t)
SN O ) [~ EL ._«g.].n.éa—’ii.éﬂ.ﬂ.‘t..__....Z...e E;:;:._f«, 2.464 E yelt

RE)=Rith)= 2.3 e sn3.4e4t Volt

] e
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Electrical Circuits I1

Step (Forced) Response of Panllel RLC civewibs:
Consider +he cet- shown in. ati&. . o
Applying KcL yields: ‘ SO s e

el ._.15%"3 0 S

Uff} . ;
T edt+Cc 22O o

R at
) . .:uc%;J.l.gJ'-ﬁM{")..:.c‘
[ i At
, i -5 che ¥ e _
rearranging e r=on g A * = ’Uf.{,]_,r: (7 )
: TD__j[-:;..ﬂ.C[ ik eo._ =
5 Lk 1 —
T L B L T q
R P e
So o eatl e
(o) 3 = oLl "I ".E

The cot. wiill have 3 responses.:
\.Overdamped : (X D>w,) ST
+= s
TEOR L LR O

Z- Q?“.Cﬂﬂs_\{ dﬁm{hﬁ&_;_._..i_% =0 )

3 UH;): {:I:}\k+ Bat) e ﬁ‘ i s . N

Underdamped i (A< W,)

o(-!:
Mk ) e B SRS

b=yt o *

e
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{5 - Ec}‘mA and +he ;nn‘-rm,] Va-"%agﬂ___ar:fass ~!—he mjamcf-ﬁcr

'S 60V . FincJ an expression fer i (L) for 220 .

e
M T e, _— 2
1 [
Fg_ fains] = -20mA "L :
: )5mA anﬂé U -—-5.A'|: = ks
B ===—sfporadisec,
L i

|

10V :.—":_ = Joo vad [Sec. _ i ¥ oL
ok =y => - e response. s cf Jw::alw dmmpeci
'utt —tloot
V)= (Mi+Ast) e = (A +Apt)e
- L c-t
V(o= 60 = A, _=> Vt)i=(Eo+At) "
dU dant ~igot ~ ioot
—,{“E}: O (_:aae,oa )t A, t(-1o0E ) + Az €
_JaT
i{f} = _-6.06-'(} ,.f.ﬂz*
Jt

Also: Tg +I+le =15 = U;ﬁj ‘fﬂmdjfj 15 mA

—— =

1_)5,2{1- 1'}_(0) + dvco) 15 A

K
-3 _5 _3 e e
aVo) \S *#lo - 66 %10 ~ (—~30Xlo7)
e - e P oan L ser
gt 5% o8
-8000° = - (000 tA =7 Az = Z2Be
..-.foa't
Vet)= (6O + 3000t) e Vol t+
i ()= 15mp - Y c V) i s
~ =l
—loct = S
= ’5”’?" o (E"ﬂ +3ccot)e _ (5+ o J(ﬁo (-mae )+3anot( toog )
= f: ------- ~toot ~ 100T
,5—‘15 EMG IScot e mamp ; ...+3¢m¢ &= )

W.-w. Salve the Prﬁugmu_‘}. B, .f.r' K= Roo L and R = 1250
e
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beforg ‘g.’aﬁr}'g at =0 . Find f.Lf“f:.J #r' tzo

P : EsRc e
- A
Sol. _For t<o: SRR E
- 3 e P
SN . S W, S : Z20 : -
EL 0 = 20mA L 20mf g?;na.ﬂ, 5"2'%\{]' SeonE AV
-—UC {’r_}): [ : ; :
— Far' f‘}‘;.r:l 2 ] LY ‘ L
120;‘&#& (‘?SQDH{E 31’«15“1“% 5:“3”.;:: %I‘SDE(UZOMR
O‘{:‘;_—ézl:IaaaofmdeEC _
W, < tir‘ = Booorad/sec. J Y
= Y/L‘- S e PR v s SRR .'lf.‘lumﬁ o !ﬁg,ﬂ_ éBI-ZSmH—' fjﬂﬂnt
=
T o I‘}Lun k1 Y
. The response is overdamped
-S.I-& jgt
vetr=RA e + A2 e
C‘)I S R ‘JD{L*;} - _Lf{)Oﬂ' ?"'.:'.ZJJ"{..SEL

S, T — ol — J:I::%*’— R [ P T

R -4Hooat — léocot
- Uet) = A e + ‘Ao e

: L’{GJ = Qo = ,.Q[ + Aqg ——-@

Ut o BT —lgooot
—c—j;'—-—-—fa-ﬂﬂﬁ! e -fﬁGGDA?_EZ
aAU(e)

=~ — Y000 A; — IGocofy

ot

: ¢ 3 o d '
Also: Tg +Title=Ts = - iy VD oy o

195 dUlo) BN Ao A0 LIS s L A YT
— =L (o)+C = To0 ¥1o
< = perpry

JdUCo )_ loo tl;3+2¢} *!;j

- 290D 00 'L.-"/:;EQ SRS
Jt Soo * .'Eﬁ
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Transient Response of RLC Circuits

29 000 = —Y40co A — l6ooco Py ——(2)
SQFuMﬂ_&Ts.@ and @ ‘l"ﬂjﬁ‘F: A,= 20 5 ﬁz=_ac

~Yooot clfoost————

Uk =-Zap % Lsa & Vo I+
Ut o AU{‘E’J
et e T
ﬁ.’l Tr o0 r'l'"llq

: # [0 ;
e et UL o S

S R
£ s -3 _drfﬂﬂﬁt__..._‘..m...ﬁ t -9 -‘i’mcgt
E-Iﬂf:s*{:j_‘.lf_!._faﬂc e L=~ )_!_(Scpmtluj(zfﬁf—f-fﬂﬂ@@
oo
_ , ~lgooot
=2 ("‘fﬁa.‘)ﬂ-._‘} P=) 5 ) J
- Hooot "irﬁf)ﬂt.)t
= —loo + |60 e ~YHo e moamp.
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Electrical Circuits 11 Resonance

RESG noce. :

Rﬂﬁmﬂ&ﬂ.ﬂa. 1S o fzaﬂd;l-laﬂ n RLC :Erc,u_HS Ta c.uha'r:h the
C!:J.ch;;-!';"ff, and. nddiative r"E.-:IC‘!':::HC.ES aAre. E-fft.taf '
maﬁni—f-mdal-]-hus -Hqﬁ,y concel each other and resuld in
a purely resistive impedance. Resonant circuits are

useful for constructing [ilters.

Series R&scnan CEe. :

: A 5.!1"'-“'1?'& Seriés f'fﬁﬂﬂﬂ.ﬂ'h' c:.'urc:u.ljr 1S Egﬁ&%ifuc#ﬂd b\rr E@mb]ﬂ]‘{g

an ac Source with RLC | as shown u‘n.ﬁi?mff:-

XL.': (il = E.TTJ:L. MR“;J'\
N G — o
e e ©
: b oY
Z = R+ (X -X ) =R+ (WL —7¢ L

The -pi’gm’e shows +he wvariabon uf X, and Xc with ﬁ’équ&ncy.
1§ +he 'Ffﬁqmenﬁy of the source is J
chonged Hrom O ___; oo, then +here

would be a cexrtain ﬁreque,ﬂc,y

which makes X, =X in mr:xjm‘--f-ude. AR
1n Hhis case , the circait 1S Said

4o be. in electrical vesonance
r’"Ej{.LH'fr’Eg I‘Maﬁinaf}a Pa.f"'"r 97[ =5 v,
A L — XL e Z =K

To Liad he vesonant ;BfacguEﬂﬂy’(ntr )

KNi=, = ol .

I



Electrical Circuits 1 Resonance

2. The input voltage and current are in phase.
T Bl B0 E 5

=R R Vi
Bl TG N
_____ Vo [ | B S i
VIS 7y i:LOn Sy

Y. The current pPassing %fcr_w\j.b e civeuit is maximum ok

YESonnarice |
Characteristics of series rvesonance :

o B R X

- — e e
Capacitive 1 inductive
..... : S r&SFa—ﬁ-iue' e I S

(capacitive) (inductive)

R T
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 These c/cs can be divided into curves of:

1 Resistance (R) : :ﬂé,ependemf of § , hence itis represented
..... by a E-I-fa.{j'fﬂ“ line., |

2. Inductive reactance (X, ): 3.‘13&1 by G 2rx{ L 0 L U
directly proportional with £, hence itis straight line
passing through the origin.

: : |
3. capacitive veactance (X ): given by ..X¢=EKF¢ <SR

inversely propoctional with £, hence it is.rapresan.i:ad__by
o hyperbola .

4. Net veactance (X): is given by X = A0 R0 TR o B
represented by a hyperbola Yhat crosses Yhe x-axis o
T PR S PO A S S X 0 TRy e

s 1mPeAcmce_ 2 )is jfue,n b)/ 2z = \/;Q%_(}{L—x‘:f'

_Lf BB then X >X, and the circuit will have capacitive

AL by L

1L L0 dhen X, =X and the circuit will have pure
resishve cfcs (I and VY are in phase).

el -F>-,:T.__,+]'1€ﬂ )(,_)XE_ and_the cirewit will_ have inductive

efes (1 'lag& V by Er

1 - - e U

=

n

(_E"’_E C—a..l'lc,ulm‘l're. M’ﬁ.e{ fE&.St:‘:f"}aﬂ't' J:-(QD‘ : -;nr%e._..:?rm:# ..SJ"}D.L&J?"I £

el s 5
EEEE 'd 2',?:‘1—*_::_-._

T ey g age

b = == = S58MEz s 0

3 19&[(33,»15“)(.1.;*{;'1)




Electrical Circuits 1T ﬁ Resonance

_Bandwidth of series vesorfdnce :
At vesenance 5 L 1S maximum and Z is minimMum .. Hence

7 2 3 i ;
P: i E:IMR e a.l_s;;__mmx..mmum as shawm___in —,C:Hur'e.

14 can e observed thot at twe diflerent frequencies L,
and [, 4he power is half of s moximum value . These
;r’Lqué?-ﬂGiES are. called “.Halﬁ_ power Ffequenc.fes& or “c:m%o.{f_p

Frequenaﬁﬁ : POk YO :
The diflevence between [, and Fz

Lie meclled N Bl it
o A R —:&"Y' = "FE""S;I {HE) EEJ
The ﬁre_ﬁ;mCy - ,fr iipectlod * lovcae,- b
PRI
cut-off frequency” and e inledie s e A
D wpper C'_;..r_i‘-OFIC {;’E?geﬂo)/ L,

Selectivity: 5
1% is defined as the vakio of the resonant frequency tothe

banduoidbn.
PESeERa o
Select x.r'ri-}/ = "ﬁ” = o
g )

E}(Pﬁﬂasicﬂﬁ for lowerand wpper cut-off frequencies:

for CI.SE’-'I"'IE_S RiLC C—*«V‘C.AA-I‘L ] i

e
v

R "TJ{‘LA)L"' \"-«-TE

Bl PR A T G SENR

e R |

v
At resonance : I =1wm=7—
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.
A ha‘l-{-'._?nu_}ﬁr ?c:*tn‘x‘f_-.: o .-Pr':"" ;..Im R = {_1_:1-)?_ K.

e 2z Ve
...... G g e e R ~(2) wt—hall -power $requencies
vz Vo .
Equating equations @) and @ yields: bt
Y/R v | | %
— o JR%{ML-EJ
< J
..J_.*‘.?._‘.EJF-{ML—DEJ .

X . !
PR AR o L s 2Rl s

0
+ I : ' 2 = e
bot Wy smg = L Weethws ee LesJrr

Qumll ;‘k“?’ q"n.f;jr‘!:!‘r"f, C:,':] _ I VN e o
I‘{'.f,a.. -']'_h& r"::d-;'c:- r:;'.F ‘H‘?E f’ESDﬂaﬂ'{' ﬂre.?uﬂﬂﬂy‘ to ‘H?Et b-ﬁﬂdl a_rfa;”-‘;; :
r

i | : .
-Q-:B'i'u‘ B - [E cunitless) Gyl

e 1 E O RO :

-’q{'ﬂs%ar ::'I.E.-;:iﬂ'r‘r;t:ﬂ -L:w' 3 15 +e vodio ‘:“F %E-..faﬂﬂ"‘tua Powey

Jr::: H'EE QUEAFCJ&E PE:LAJEN’H.JF YE.SmnonNce .
(3 = re::c‘i-Ev_&TPaquf o Enﬂ#’ﬂfj_&*ufﬁd > E’ﬂmﬁr ﬂ-F SR e

average pow ex enexgy lost Po wer in R,
b IR D R e e e S e (R X fon
= L xl"‘ - ){L = 2'*‘=|Ii:'.lc‘|" L = Y 2 x Jie FINES
) el *J8 R, 5o e

,_J'_’.':_
=g




Resonance

Electrical Circuits I1
The .Eijnf-F:c,mnr;e. of ?ug,.'.{-ﬁy . P _
factor is that it gives an I et
_indication of +he...s.e‘le_c¥'w'.4y sclectivity)
r;:.F. sexi€S RLC c:.irr_‘:uh[.s sthich 1233, s oo g + &Ziﬂiif:
are used in vadia eizemids. E‘zs DT Qliélzat_ly Y
As FHHS‘!‘r’a‘I'EA in +he 7%-) Hhe £ =8 A )
higher +he value of Q ,-+he . TS Y.
more_selective the civewt is jedi s | IH%}H_‘*.!
put the smaller the bandwidh. Al be‘tﬁj&fﬁ%’ SR

High Ulbtm“‘i‘)f factor civcuits are used in CommuniCation
networ ks. REAEReTe P SR

ex. A sevies RLC circuit with R=jost ,L-0.20 and

C= 4o MF is supplied with a 100V supply at variable {r@]uﬂﬂc};
Find: a) resonant trequency ; b) curvent ot resenance
L:.) power ar vesonance 2 »:1) Ug\'ir;xaa...ac.f"r_‘)bﬂ B T O
ok resonance ;e) quality factor ; £) half-power frequencies

) bandwidth J:Iq}P ha.._?,cr" d;qﬂr’am :

el e = 56.269-Ha
e br orlic 2;-:\“0 L)Huﬂo)
b) 7 I (:‘.Llf fe.Sﬁﬁﬂuniﬁ} = lm — .,_.._.__; = j}.o_c:__ e R

z
c)Pat tesonance = Pm = Im R = (16)* 1o = tooo w

d) Vp=ImR = (oxl0 = LooV
GV F I IS 50 (S Im (2% L):Jo(zw*ﬁs..2_6.'.'3*0.1)_.;?o;.m(;u
1 . = FoZ. o6V
PRfc’ 2w (56.26) (Hos )

Ve = Im X = Im

‘=M =Ve at vesonance b e

R -
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ex. continued

=4 0%
ol tond L 0,
o4 o’ (0.2)t40%15%)
- o ST
R 2 0 | o T .
S e I R e + ( )+ =379 43 fad
et = @ raa)(qcm) q%'la&

e gresed3l b f,m e Go38Me

g) B-W..=DF :fi._.,r-'., =295 Ho

e B o s e RN

l'.r‘

\%

c

EX.Yor +the circuit sf’)awnJ End: o) L L and [,
b) Gi) gr‘icﬂ[ @.WJ {‘_"..L) arw.PL'...J'LLC{E. c}.,[ ”‘H’IE C.‘CAT’V’E/?‘ILH..';' .,(.,.-— _;-(I and ;‘2 :

( 2.
S50 ‘Dk} | BT e S e L et - L YAN
i foe = 1.95 KH R
hea b f(”f...zm"ﬂ'.: SRRE —2o-sinwtoy— LR Imy
TR [z
gl 2L Lc 0.4 Mg

**—-+f(iLJ - — =5] K d/sec

s 1(|f: 18KH% ;',1('2_: g KH‘E

BwW.=fg=7, = 318.49 H _
C) Arresononce: 1 =1Im =%

A+ ha”;-P“Wlﬂd"‘Pam%; S = e e
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€X. A coil having a resistance of 252 and o qu.mlf‘w factor

2 .:.17C 1o ot a fEEanaﬂ+ ﬁfe..? Q.F lo KHz IS ICE*‘J--UJ;”H’ a ooV
Suppfy_._ig,lgufm‘}i&.: a) Value cn-ﬁ SexieS C::Lpac:f.+aﬂce fesfur‘v‘ecl

4o prod uce resonance with the coil S5b) e inductance a.lf
Whe ceil c) voltage across e capacitor 3 d) voltage
C.a”
3 D e |

acxoss Yhe conl .
i
_F‘E-_Eﬁ_ﬁ : ] __‘:
s ) : J NER A TR e
) Q= — ]_L—_:—‘ ]LC. PN (R o leoV
i VoNa Ul s g e L 2
R e exf, R,
! | ! I !
— g E— = R ey e - :63_{6 ﬁr:
R 2rf- 1© 25 2% (lok13)
J =3.99mH

FE el
o
exJLc {zx_i:,j‘"c“_ {E?E‘#forfé‘;)L{é,E-ég,ﬂ?)
C) ot rescnance:
¥ L oo ( }
ZK{IMFE;SJ(EB.E&Z*-JEU

Ve = Xpn Xe = =
& G arara 2 e =

d) Veoit = Vg + Vi

Vg = Ip, R = l00V
-3
v — ImX, = oo (25 Uori6)(3aF xlo ) = 1000V
L
Vepil = loo+ loco = jlooV

-

= (ool
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Parhilg! Resonance:

Similar 4o series ac :;;r,:_uhts J___%Eﬂe can be a veésonance in
pavallel ac ciccuits. When +he voltage and *otal curvent

are_in phase at a particular frequency ({,.) then the cireuit

iS Said +o be at vesonance .

':.-GHS;CINE;" Hre f:’.ir"::.{..f.f-ll-ﬁfﬂmmﬂ ! ]Q,'}' :

, |

Y:éa-p-J(wc_.m IE-:}.CF R P

From +he above E_f.._:‘L,1..u:'r‘i..lr"n'.'.‘l‘m"‘i.'J Yne 1mP_E‘__-:;L.£1'r"!CE. [_;__.j S aX M um

at+ vyesonance . Hence the f:.urre..ﬁjr dyawn is minimum . So Yhe
I ol : LR . . | ¥

Pami'.ﬂ'_i.._c,-.r'mt‘l‘ at vesenance is called W_E;L!Ec.‘\'a.f f:.w”c:.-.,u* .

S I indicates «an[ i+ fc(;flz:{'ﬁ +4he unwan {*E.J ..Efﬂﬁuﬁnc,u'e:ﬁ

and hence i+ is used as If;f-i"r:ir s, rfadioc receivers.

T""}L. yYesonantlé oCClys La.}hE‘-r‘i HHG.ﬁiﬂm’H Puf’*".:'i:-‘ _3

; . | Y : /
‘tE- LJ'_'IL-F_-'_‘_______ ::‘_i;] " -:
L S e LH'-IF":.-

-

, I' . . 1

.;}_TTJ- (it e s + - = HE

S, = b- S T
e ol ol
R

- 29-
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Characteristics 1"_’1-[: para lel yeSonance:

G= = ATy
-
Cy
WL
induckive ~apacitive _‘i-u.‘rce,l:-\-nﬂcﬂ
8 \cu:]a V)
»0 }

3

[5anc:jmf:l‘u’l;m+_a,f{' &Eﬂuﬁﬂc_[e_ﬁ and Eilua{-"i"f [—ar::'l'r.'ﬂ"-‘

For o pavallel resonance circuit:

B = Gy s o rad / sec.
or 3. \W. = I e
2RRC
L R g ke
Q = _{i—. = EFF = R E: """
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5

Resonance

E‘K_. Fc:r-* the 'Pafa_ue‘ il = C.i‘r'c.{.gi'{' SH{JWJ‘"}

Cl) {,A.JV.- 3 Geqﬂt:li B¢W+ _; b) .CAJ] a,l".ld‘ EUE
.S'c:[.

P (el o 1 C.L{_!'Ic{ “;-E,::

i — 1
: = o ) 8kt G,‘Emﬁggﬂ'; '
Vie ffﬂ.l*las}{?*mg} oSinwt

=-25 Kyad /sec R

- Ear_:nu LF"f""n’r::n'[;‘ - 600
Q= i J el

2.2 »io

: e
@,.w.:——*= f = 15 Ee o rad /Sec
i (Gooa ) E*I16°) -

. ca
b)i‘-’a'ma el e =29.992 Kk pad/sec

— = acI
\/(er_J + 28 0o k v, fsa;:

Efx_, For the ccit. Elhamf‘r; ;,( -,(\ — i e Q‘,IQ

calculate i f; })f?_ 5 B.W. LV ;IL and I ad EFESonancos .
Sal, : _
&
7[r": ! =22 % |p= II r _L
2miLe EX aswiphc lomA ? o
: |
SRS e 4 Y 253 T
TR .
s H = [ [ —6
C!‘J-{Q %:}VE*—C‘;’ _.j___—_:h:.i Eg.*_fg__ = B n

0.252 %57

= zr: (uzr_ \/(ERC) + — ) = 1.903 M Hz

- e o
J:‘?. z?{ (Z{QC J(ZQG + = 2./03 M Z o

TR fsz] =oL 3 o o

SoEc
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Ex. continued !

il .
o resSonancg - Vr._-_—I #t-rj/_la- Ii‘z: IR.
: ¥lo }(SI‘-H)*___BI-LHSV

v,
-V
r(2x J[,-—‘:)—' (3|-915)(Eﬁ*2 *'ﬂﬁf 3_353314;:1)

o.l A

I

sl-<liS

; G =
2R K2KIO) (25 %155 %

—
—

IL = =
' "‘1{1_ E'ﬁ‘l[:;-!—

Ho = li b vaw o mins

_pr"ac;‘\-'lr_aﬁ REScr‘:ar‘}CE C’frc;u.#f,:
-::{r"f{.r_}‘i{__j I'-il- 1S aﬂaum&:{ -!-hgjl- ‘H’}Ei.

-IJ":' o Pr"ﬂci{-;-:af F'E.Eﬂf?ﬂlﬂ'f'
"Il|‘::|'r" hCLS ZCro |c:rESE=S ana +he 'Iﬂclur.':-[-c:'r‘ :'_::-.r‘:-‘{‘c:\'ﬂi
n

C.QP:AC:.
e | FESJ;ji‘ﬂﬂC&J, as j'h{:lwﬂ g }cj
K : w L
E, (we s ) | il
RZ 2L R WA > ? 1 o
{ | ‘\,.""5 . = |'
4t re Son ‘ ! . ll
ance , ’mc\ﬂ'ﬂﬂf"f me—1—:t’.’? ]‘Fi
'.'_'MFE: WFL—- —‘ﬁ" = C _._3
> i e K G __‘;7 l!:.:t-"r__l: _I_._._
2
I? i Mr [ @ +|:.de e L=
FOPR ,‘.F'_;.‘-T’[:__ = B Lty E
< L=
BN S
=

el -
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@_X___- A ceil a—{ vesistonce 102 and Inciuc.Jr.c:ﬂCa ol H s
CaﬂﬂE.C'%E_c:ll. W ?afﬂ“a\ with a |50 KXY r_c.u.Pc:a.c:.JtDr' +o 200V
voriable freq. supply. Find 4he resonant freo. , dotal curent,

Jranc h C.Mr"'r"é‘.ﬂ.‘!’j ;;-..'J‘.___}Cﬁﬁaﬂﬂ nce. .

Sel, AN SEET—
: ) | Rz 'Ic"” +
fu b g by
on ke |2 A 1Se MF
e | s ) @
N — _E"' :3?-331_12 2oV

Zﬂ.“;i. =K +\:||u.JL =le 4\}(2?*3?qg§*.@.[): le .;j 258 T 20 fé?.?_l 2

o 1 o
t IR o = 77345 (-¢%2 A
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e : et
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- Filters ( Fra%.u_@_n__cy Se\ec—lr?ue,.N_e#works): _____________

__________ ,f.\ {l;.\—\-e_,r s o petwevrk des gn ed 1o Pass 59 nals havin 9
certain fr equencics coa led passbands) witha little
_or no_attenuotion , but 8___m@aH¥ ______ otenuates si qn als il
other .Fre St uevaeies (ca lled _=to P band S J =
Filters can be classified nto

Wlpe  Sieite, | o)
Passiue % \"re,y:s c,mc] a.c:ln'_ue,. 751 H—ers. /P —=—>i__rl——> /P

An achve filder consists of active elements such as

tansistors , op-amps aswell as vesistors . capacitors
and _indyctors... . The nmain_ aa.v_q_n._:a':.ag.e alon 9 wi +h Ll %er:itj)
e gain . o,ﬁ .......... the .o;f).....S }Sna|...__( Vo.[-f-aﬂ.@.._j....@u,/,/en_f__cmcl Power
...... gain ) but .,.virlfv_v.smdv;..;...a._d.van.:f:.aﬂe: e bk .%ey...._.xequ re. pawer
supplies to operate . In passive filters  only passive
elements ( veSistors , Ca.__pac.;“"af-;s and inductors ) are used.
They do not vequire power supplies to operate but i+
may become c:os-Hy e adsedars are used.
Beliilons - - - . _
- Passband: 15 +the renge i freq uencies oyer which
attenuation by Laver s 55 8 = =
Z2- 5+0PbaﬂcJ. ( atfenuation band): is +he vange o_f Prequer?cfes

over which attenuation is .qu‘qufL. -
3. Attenuaton: is +he veduction of the ofp signal compared
+o 4he ‘[F Sfﬂﬂal. ,
4l C,(,L'i'O?C—F Ffequer}c\/_(fc) =33 +he {requenc\( which. se_pa~ra+e the
PG{SSb&nS From S_}_OP]QQH-CI- = = =
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. Low pass. 7C[-}-er' ________ (LPF). passes si 3__m_q_l ____________ ot -,C requencies
lower ......... 'H'l an. -H'h?. ......... Cu_‘f‘o# ,’Cy’equen CY .)Cy'om -H’)é’ I/P —'—n "HTE'. C'/ P
Hijw
IFijwn) 11—
B s e e e -

pPass bomcl -S*“OP BC\V“I cl
fo ideal LPFcles , F<f—~ s

a-H'e_n ua;f—;..o_mm_m_m_nno-l- change -me Zérvo. -}gmﬂn, _,
i.n..,s:?t..‘a.ﬂfl{:.a"m._e,ou sly but Sl’acfua”y chan ges. -—

P H:‘gh pass filter (HPF): passes s:gnals ........ q+ frequencies
hu 3}7614 ------ Hhan +he Qd-oﬂf {irequency Fram the i/p. 4o the o/p-

i~

1 S‘ropbaﬁc‘ Passbqnd N
fe  ideal HPF ¢/es

Any simple Hpe of filder has only one. qusbqndﬁ.@_"_ma«w
stopband .and a sing le. cuw “I'Q)C'F ﬁfequen e

fe PMCJ“C‘*‘ HPT clac..

+e 9 et tfwo. )C iHer ¢ /cS oI ﬂgﬂawanj-l-ypes __________________________________

..._36._




Electrical Circuits Il “!gm Passive Filters

3. Band pass . «Ff\"i‘ﬁf ________ (RPE): passes all dhe +

___________ b 'é?.‘}- ween. Hhe Hoe Cuto. [—7( 7&:,14 encies and « H‘E:-?).Lu"r:.,_%

v --'_q_ueﬂcic‘?:&. _____

: _______a,,;f ULNCIES. . = =

stopband | passband | Stopband

May be formed by cascading o HPE waith
,u’..Tr"Jrj»- }’iﬁ,:w?w{ L”{"\f f‘ H ;.(r'j_—j a. _[‘F- JJ\f"ﬂ mht.f"c‘rf. ‘ ,ﬁ {4:’_‘(1 / }.4_5_.

P wlir., H‘ud- k_;_/ Jn.

v P . HPF ) Fe CFE @ fed ] sl

' 2 ! o = o o epal oo
H. Band step $iltee (BSF): alsocalled  bLaund rejecty-iixer

I+ ettenuates. (or rejects) all the frequencies berween

L

L =/ g . =1 =t ; B [ am o
o (5 l’ﬂﬂ {“"f’“I'; e q LENCIES afld pPassSEeS adl  ether JreqUENCies .
l H (jw) ‘

e

|
PC!SSI%{ ........ S+0PbaﬂcJ ( pass "Daﬂci R e e ;

I,-FCZ lc:lﬁa\ RSF - 7‘:(1[};] —
== cfcs = ;““-K'F('{:cz—"'?[’ﬁ"’?c/fj

r
. - - o

PracHcal 65F L,c_s

\
o Hed T

#*

med.by cascading.a L EE ;,u1_:"3:.}]____-}-@.._i_____-_: _____ el

i e an S N | Vi : _! r T ;" -
and a HPF with. o f‘ 2 H..... ProVidCas = alr e P el

e i = e e e

O
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1€ fafocaise=U) e ——X

-\'l" .......... [gp ..... i/ {—""_, i :_Aéfi%’?f;‘,'r-"’?

hexs | seeldoay o
“has large veaesance fc.,_,hz,/h:y S 5

£) F- en -...-; '!".i'_:.fiﬂ...t‘... f' e, ey i ,'- ;.J ‘E"'-'-_')?f.-_':- 1 ; Ao ‘-..a Q -".".1..;:::;!.1. \/’; e “1 Lo L... j t
’f + ? ff -;”7 jw".« { wen -JH,_ = 5 "’?7‘_, & ;-3 #3 -.;',; f"_"’i o j}}_; SMa “ -XYeace T"J 1 Ce 5
e Sie ,‘ r"{;— S J lar f" C\rcut r‘f:- ACYHSS O 12 ‘i‘wz”l !J_L,_..M;q ¥l ‘J Vo l;),ﬁ)’/ﬂ,z(_,q‘;_)

f"::. £ _,... e e R i e E e S

\-

‘L.., 2 / p vVa H'A,&g_, El-"l eEEt—

an amplitude which .]_- e s 0 the [P Vo !?-MA\J%L

==

ALY cuto j“f‘ ...... S E ....... H () i = . e
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*l\+ ............... 101 L {»Vw.igz,,’}a:,,i{___,;_‘;%-hm ."I N j G *—9 e ‘___u______‘ﬂgﬁm-ﬂﬁ__ e
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EX. consider +he LPFE shown:

_.J- ) .L,.‘:’ ér‘f"‘;.f/{;’u, ........... é"h = %’V-_A ‘1-,: %;x‘;.ﬁ" s h%’x.‘{rq L H"J s} %"['_{_ o )} e u%- =

295 G L_,{,El j‘-&, L’h‘,, W*{,{-J{--‘L ?""F*"j% ey == = Ry N_‘ ...... Lcdt U,
Kz - = <

e = — = .

a) Ryt X )+Ra

e s = = = B

u, JAY S to r fl' 2 i HpH=— :

e
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EX. Consider Yhe HWPFE circuwit ghown:

< | [ [ 3* 3"\ 2 = )\ b =
ool o) =

R+ (Re+X.)

Tn‘:’ ){ +— Y- ........... ‘ “’v Co P'L_f-fA C 1”';._ -5 - ‘I USH! ‘._J . <as ,.A'L... -,..\ (i I" fl‘}

B I= F F' 5 5 .5?...) Lary

Ui HPF (We,) LPF (wep) Vo

Ro
AANAA ———=

e
|
|
e

e HPE

P BEREean . e, s 2o
Eoe the LBV @ obion Wea . o
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o 5“1 ere: H LA ; - lvanster -},A‘lﬁn of _,.} HRE :

E?i- =-;L:Li CiA i-;'_..l.‘i't; ?‘é}-’;_. ..i);‘i'._‘_)}f 1‘-_".__,1;,5_;.: Eu,,}f :-.3;;’\-._3 5. W. 'nr e

BPF _shown. : BN S | e
< } —_——
.......... NN e e

: A loo SL = b ; ‘}H 1 -+

)
e T H T I T T e T E e i T e e FEEE e e
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E)‘* ........... ' h’l .......... © Gl 6 ¥

i - . = 1 ..-..‘.-'.\
?‘ AL APACYTOYD = ;‘,% N

a BPE with Randwidth ot 3o Kyradlsec a nd_ lower.

B« V%, o % = S t"\_.-«‘;h/f,t, ey o j‘ S Kyadl/lSéc. e e

— i i L o Ty . Yy | 5 4 e
s | Ler . e e 5 e BEE 5 & Lol G @ fC} Sone s
= Y = =
3 - Y il s

<
4

-~ _L';*i_._%_"ﬁ = 11%‘* Filter: - _

A BSF is cgn$+rMQ{-e,c:I _______________ -,Crom a LPF ~and HPF as_ S.hOu_mg _
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____________ u_;)‘)é‘fé;‘; : H ! L) = ( : Trans )[f;,r f-xm.,%o .o ‘F LPF

H “ (W) = mi___-m = Trans {-;:__‘ r;,; ,q(__H o N O:LH Pr
l ‘f"i} K 2 '
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T and T _sections .

A T_sechion is shown in 1“‘1
I_l., ......... Cn’)&u'\-& QAF Jri’JL.J(‘ Series

AN S ( ~\-\n e. "rm)c) 2

- s—

L impedance )

e

A =35 t:(;.;:“.\-?33="| |:;; ; SH ewn IN ;_.i_\
U
I"‘ Ccnis.i_S‘\'..S ____________ a-(x Q éﬂri._ﬁ;_; A Y VA {iz_ba

an ;ﬂ -+:_{_ J.O :,}'h,{_i”}‘!‘qw,,n S- ( A f._-‘_,) s

e e ¥ Ty [ R

{ & SmmeD e
=

Zoq +222
Zojw +et2

e ——
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------ C o J‘l‘g r}'!'_ kF‘gH‘(_j’w .
....... LL_'DL,,&J F;’;AQ; . F—- ;' l‘i‘é‘ﬁr'
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A = = e e
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Passive Filters
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Vo ai on Q__¥ ot enuation

with ﬁ%ﬁﬁq@yevxc)f. ___________________________________

\ _,-'r Loy }a B - g.a_,r’i-:s e A R G

nconstant (X))

%’ equen C)/
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]J-u—-&-uu' A A A P 0 et

E}K D€5‘3-"3 ________ a.. .p{(;'i‘()‘,'yf.bk.. LPF section i + d:,;al:;r’} :npt..cla‘n
Ro is. Bco. S and iu‘-a -,( 7C J.rf-:."-r:j_it'ir’l {.\/ '}‘.._, _________ e 2 Khs - =

39. ?-QMH 373 8m K

!_ / o m_\— T 1= ff. Tt e : C _\ : \ ;
_ : s © ISIME

_f._:m__‘)_('_ A con <+ ant-K . > TS ‘i‘. oenry.. L PF coansis %‘.;., ........... a serifs

arm.. . o. !f‘. __________ Ll H induec dov and o shunt araa ,:.;» e | ACF
WJLP A "‘ = ,*__] ;;J a.‘i‘h, : el it o H.. !{-\s"—-.'..—‘{t.'{'t_'.? 1.C ¥

b) des :3;1 impe d ance . aide S imp edance of | KHz o nd
g KMz . Comment on the results.

i ] o A 5 | -,
Sa. e lm*:sa\\ [ey 165 oA nouctance.=.2 ( mfw ) =2 I mewt«\ ..... )M

= e
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EX contimued: : =

pt jf L = e
at L - Bopo Hz —=> Zat = 3637.21 52
_At L= ikHz (within passbh and ) the c/es impedanc
L& Quve o5 Eeve (. =BRS8N © = =
At f- % Kkiz tid ithin st 0p band ) -Hwe .C..[:;;;_........i.m_pé‘;é...gx.:f.=.3 _____ Ce. .15

___________ pure reactive (Ro=JEF% .21 2) .

E)( J_)e 5.3;’) @ pfo+g+yp€, Tf-—bec.“]"loﬂ LPF +o be %wm:na‘l-é,cl

with €00 2 load , having. .Cu+0#.............)Cfﬁ?’.&ﬁ.ng_‘,Y of 3KHz .
Determine: o) Atrenuation t’]epﬁ.rand dB ot 5 Kz a nd ZKH 2
b) The cfes impedance and phase censtant ot 2KHa.
c) The frequency at which the filter attenuation isi#.332dR

‘-3’_) \ : FC;'{" %&. dﬁb‘si}-} ‘"‘S]‘ T_'_ = q-__‘j‘—\(\ @ q__f’T—_ el s e e T

= EO - gee = €% 6 mE- .. =

]

i

i

1)
‘_!'__‘ :
K
|

e el il e

31-33mH 30.83mH
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@_'é'(-c_;/)j{‘l"";ﬁ;ﬁ’ ............... 1) e LCy —

Sl oe

A= 2 cesh i‘) —

2 Hl-g"\ pPass

EKbHz =

) neper =

—> K = 2.2 2 —NE pe
a.115 % atreviuation indb

R )= e

T

—

atls
“_Qﬂ-_ﬂ-‘z...)
©-115

"o, L

et

d8

- 28%8.4¢6 45

¢_C“£“
&00 ’F" m._f_" "-9‘4?

-

= ’_"‘"i.) x 5‘]"-.’.5'?"—-

Filber ;

#

-

i
> g 1
< Looh

( =

o0

£ Vem 629K

A Pfo'\"o'\"rpt, MPY consists of capac iHive series arut and

Ndyciive Ju*nL AVHHA.....o.. as shown.

2@

L

ol-Seonen R

a) DéS"S" impedance :

HPF

1||E|||I|||E|||||||[I||Ii|||H||E|||i|||I|||E|||I1||[I|||I|||I|||i||Fﬁ||H||E1||E]||i]||I]|IIII]I]III]|II]|II]|IE]Hﬁ]IE]||E]|II]|II]|E]Iﬁ]M|Ill|IIHI]IH]II]]Ill|[I]Iﬂl|I||I|M|IEHI1Hl]IHHIHIHH]IHIHI|Iﬁ||I]|ﬂi|I|llli[ﬁlmlllll]lllfllmlllﬂmfllflllfﬁ
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b) cut o-,C-,C ______________ £ YEQUEN e e = e L
T%gm;mmin$ypﬁ HPF passes all wh,{igﬁ ies above w=__ }fm

while attenuates. all F’«‘fﬁ‘“ 1cies _below Hhis valve. ..

| !
: !

|
.............. = “JUC; == :L = f)!’ ‘J:s;,,‘. L{ x. L\,. ‘

Lop = ———

e
I
|

\/ar\c\_'\“:oﬂ o P . mp@,d&‘ﬂ oo k.% -g:re,qt,{e_m Ly

.lx"t__'F Ll ) : U R e

............................................... _Y..‘{"e-q uenc }/

O 0
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) besi j’\{,ﬁi@.‘%‘\o’nﬁ.}. _______ _pf_..g_{-n#ﬂ_qﬂ HPF- = e =

-

s = L = -
= = GRJlc

...................................................................... : "fK _r_w s.{K (2000 o :

-
AR (oco)lbe0) f_"j Ll

P R S LR P e

T- sechon HPF T — secton HPF

A/

[—

Ampedance o. i. ' Boo St and fo = IKHz . For this filter calculate:

b)g,ﬂ“m‘)hxd fHon at 0.9KHz - = =

o =, [
. St =28 3% .
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eﬁé .............. B o 's"? -\-'\ X -].‘{-.\‘:-,wv\,i .

= s Re Soe  _mmmdew

= & (f_c_} \[\_( ooo

............... 2600 OB s L e e e

B d -2 c 95}-\ ‘(-Fc. /_F) S Ca‘sg ( looo /QOQ;.) _____ =._93Y4 nepeyr
e A EE 0 2 :m (looofl500) = _ 83.62° .
—x o0 Qu o2 B @5 OV CALM o,L,-i u,_,,m
3. Band pass Filter:
ﬁ-\my"ﬂr;: +7P e _RPF can be obtaned either as ol ~sechon
oy.a. TM-sechonli r serieS arm Contains _a seri€sS. . —
________ resonant ciccut while the shunt avm _Gntains o parallel

YES J;")qr')"'f.‘i ....... ClrCltiF -

Shown 10 Hqure.

T_ sechon RPF T—Section BPE
Til l_, )C.; f 'll"”;‘" ' S J\.,_,,';_f? Zci-_S6 Nat ‘f‘?_. YyESornan. t f-h,f & },y
r—T +he Series arm. equals the resonant fre 2quency o £ shunt

Vorr et o2 WERHEOHS, [ il g

LE. j—r‘v Series arm. BES e e s e i s

]L-ﬁ e Shunt arm.i ¢

;‘M
{
L]

&~
e

J

i
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Q) DC—«SH\’H \ﬁ\,ujl”}aw;_, et = e .

e

e Q{"\ ﬁi e ‘_; s f_{ = '\’Q*&?"l Y"l( QLAY \ Vid. g,....,lg ....... iR

Zo = 4o 'i‘,x.\ V‘J ;L:-.}.i;' LAArina ‘:4.(__,,:,&‘\}&, .................

fz = PPy Cutot -]-r-;;--l-in,-' ey
This <y woton ndicat+es +hat the resonant ?”‘*‘i“‘“"}"

oj_ the individual arms (s the 9geome. Tic._meéan —of dewo

Sl apcenne. = ¢ R |
C) u’ar&&"ﬁﬁﬁ 0.;. Z T ,,1*1(:‘ é""ﬁ' R‘“,&L’ }
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i equations of Proterype  EFF:

ii : Q G P .I ro.. 7 ‘;‘ {ht;‘WML _____ ‘....,i;.k E{?{'& . a; j':__ = K. l'ié ..........
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L R 4000 =

7"(102—1[;) A (2000-1250)
Cy= ‘ E | = 1061 nF
........... = : ' Ra(pz"‘&l R 1§ ( q o000 ) ( 200 0“125{3 J s e A

e o[y leooeeen 2 e 0 E -

L]W'Foz ‘17‘(!2,59 *ZoooT: qs L‘ il

Ly /e 9 CI 25, Ly /o
AT m || o
H-93InF o S48 H

e i W@wgﬁiﬁg et .‘IésnF (- e T
....................... . T c’SHmH Sl Cn me . -

€X. The series arm ofa Fssetnn Tille ol 4
o-j: 0.5 MAF Ca,pa.c,a-{-ance ‘N Series w‘f—[-h 0.35 H inductance .

11 -H’)E .S_Jq.um"' arym ..._Alsc 7mef -,Lr’ec?ueacy o-][ fe.s,c:.za,anaa,.._(.,fm.,__
and passband frequencies. =
Sol. As lhe series arm consists of a ...c_n_p.ac.;%m_______i__n sSeries

with an ‘mduvc:sr_or, then i+ is a praf-o-!-ype BPF.
el -~ oL
=

_.ED-D C;Eﬁl\ Q-‘) e Lf{t.. Ct (OJ_G)JJ
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€% co whinaed =

4. Biond slepi Eitber
A Pf‘n’r-o‘\'-\‘Pe BSF can be sbtained J,- Seri€s arm. Cof

|

ZK“‘*-( <

Ro

—

Clliio .

(‘F&""Fl)

T

98 Tix lm

fo - 45432 F2 -
1o i +

Solieé

?lfi\xl(_,\ ft,_;n'\,{'\'i' “4""’" .,A_,I'E"

7 .:,j,(‘n?l;]'l' s‘:,,lfgw{,i,!f‘ a8 937 awnN N j‘?:j e

Ly /e

fo

Fo - 454.72

L, /2

L

e ————————

Ka

A L)

{o- eﬁ,ﬁ.:; L ~1[-1(

while

S '} 84! + arm (;_,.g}...ﬂ."f-ﬂl‘ NS Seriés
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= ) __________ \ J.Q\‘.:..l...&.}tl.e A O—F a”C\‘Eﬂ&a“‘\Qﬂ _____ g,gﬂcajr’aﬂ'\' an c:l _ Pha,se, Coﬁ.&:‘:a..ﬂ 'l- _________

oA ;(e,o\uenc\f - - = n
o
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