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14.1 Introduction (1)

What is FrequencyResponse of a Circuit?

It Is the variation in a circuit’s
behavior with change in signal
frequency and may also be
considered as the variation of the gain
and phase with frequency.
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14.2 Transfer Function (1)

e The transfer function H(w) of a circuit is the

frequency-dependent ratio of a phasor output
Y(w) (an element voltage or current ) to a phasor
input X(w) (source voltage or current).

X(w) Linear network Y(w)
{ e =
Input H(w) Output
Y(w
H@) = ) _|H(w)| 2

X(w)



14.2 Transfer Function (2)

e Four possible transfer functions:

X(w Y(w
@ | E;—|H()|4¢ o
Input Output




Example 1

For the RC circuit shown below, obtain the transfer function Vo/Vs
and its frequency response. Let v, = V coswt.
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Solution:

The transfer function is

1
V., R+1/joC 1+jwRC (a)
1 ()‘”UzRLC ®
The magnitude is [H(w) =
J H(@) 1+ (0! ®,)?

[0 7

0 o)
Low Pass Filter (b)
w, =1/RC :

The phase is g=—tan'-L  —



Example 2

/ﬂ"‘

en1/a\ = - "'L‘
tenwn ‘a) Fo~-€«an [%\

Obtain the transfer functiBn Vo/Vs of the RL circuit shown below,
R

assuming v, = V,,coswt. Sketch

its frequency response.

V,= o= Vs
R+ jywb
hwl juwl
Hw) = Yo = his /3 - =
V. (nmwl_}/dw\_
let w°=l£_
_ l
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14.2 Transfer Function (6)

Solution: |
@)= Yo _JoL ___ 1
The transfer function is V. R+joL ., R
R Jo L
AAAAY
1}_‘<i> l%_ﬂ,,

1 1

\/1+(&)2
@ —>

The magnitude is ‘@)=

The phase is ¢ =90°—tan*-=

@, — R/L _’



Ex3) Find the transfer function H(w)=V,,/Vix-
What type of filter is it?
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- wa- 3 Q Jw0> 02, 2()
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H(w)=1000/(jw+11000), Lowpass filter



Wolfram Alpha, add abs( ) for mag

www.wolframalpha.com/input/7i=plot+abs%%281000%2F%28iw%2B11000%29%29%2C+w%2C+0%2C100000
| plot abs(1000/(iw+11000)), w, 0,100000 =]

B8-0-8- O = Examples =% Random

Assuming "0" is referring to math | Use as a decimal number instead

Assuming 1 is the imaginary unit | Use | as a variable instead

Input interpretation:

1000
plot =~ ———— = 0to 100000
111000 + i w|

|zl is the absolute value of z »
i istheimaginary unit »

Plot:

0.08
0.06
0.04

0.02

E‘ 20000 40000 60 000 80000 100000
Enable interactivity @
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Plotting phase in Wolfram

www.wolframalpha.com/input/?i=plot+180%2Fpi*arg%281000%2F%28iw%2B11000%29%29%2C+w2C+0%2C100
| plot 180/pi*arg(1000/(iw+11000)), w, 0,100000 =) ‘

B0 -8O = Examples =% Random

Assuming "0" is referring to math | Use as a decimal number instead

Assuming i is the imaginary unit | Use | as a variable instead

Input interpretation:

180 arg( ——|
11000 4 w 0 to 100 000

plot
n

arg(z) is the complex argument »
¢ isthe imaginary unit »

Plot:

i i i i i i i i i

= 20 L i L i i L i i i i L
; 200000 400000 B0 000 80000 100000
—30F

-40f

=50 F

Enable interactivity &
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Magnitude of H(w) Plot in Matlab:
FileTools | W = [1:100:1e6];
BODALAD H = 1000./(j*w+11000)
plot(w, abs(H) )

semilogx(w,abs(H)) <€ magnitude

semilogx(w,angle(H)*180/pi) € phase

-p:wé (FLY ‘C"f
M(w) = to°o AU
(ll)oou kSw)/l\'oob

(

Phase of H(w) Red = _ 090
;File Tools - BW ",
BROLED Lt o | + on

Loy = l\)ooo

Log e S;r?c\’ a Lu\A:oL reo .
and l;uajw\awa pa,\h 'Aw{ Sawne_
(N\& nivle |

il o\\ RN e

o?o? 06&{




Ex 4) Use the Inverting Op-Amp formula to derive the transfer
function. Find the cutoff frequency of the filter. Obtain the output
voltage in s.s.s. when the input voltage is V,,=1cos(100t) V and

. V,,=1cos(10,000t+90°) V. 20 =R
le‘re,v n oP - Amy ( 1 kQ
VN R KwL
G ) — V 4' = H z 1kQ  0.1pF
Ali. = 6u — (WS’: — -F Yy H ‘
V\"‘ — —
| = " C‘) Zs -
(—l( 5 =—k /R — | .
CR " ‘/‘)wc.)/,{ \ J‘W RC y— = -
> “\(w) = '
R T S I
o= ac = @Yy T\ Wo _|
\O»t Ww = \oo Ra&ls ‘
Yo = VLo —> Vo;A— =V, H(Loc\ = | L: N _,—‘-)_
:) l:—,:)’\ 5100 =\ L0

2. Voot (é)-—'- :6\ cm(teot ——90”)

o
— — 129° _ 12990 _ b
at Lo = 10" fL/sW Vie =1 £90° — Veer = = = 167 L5
L i 5‘%)-\ 9= £.135

So Nook (£) = 7077 ¢¢scl°"‘f,.qs'°>
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wc=10% rad/s; Vo, s.ss=0.01cos(100t-90°)V, when v;,=1cos(100t)V; v, sss=0.707cos(10,000t-45°)V, when v;,=1cos(10,000t+90°)V



w = [1:100:1e6];
H = 1./ (j*(10000./w) - 1);
semilogx(w,abs(H))

magnitude

File Tools

BROQbED+




14.3 Series Resonance (1)

Resonance is a condition in an RLC circuit in which
the capacitive and inductive reactance are equal in
magnitude, thereby resulting in purely resistive

impedance.
. - Resonance frequency:
AW N
(AJL%- b\)cL - l—
] L, C
@ ::J"O—C oV~ l
w = —
°©  FJc
. \
z= @+ (et -2 _
fo - —
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14.3 Series Resonance (2)

JoL

The features of series resonance:

The impedance is purely resistive, Z = R;

o -CI-Qseesu_pl:l)l.y vzl%aogu\ere)\//s @glc yawve_ curr nt$I grse in phase, so

e The magnitude of the impedance Z(w) is minimum;
e The inductor voltage and capacitor voltage can be much
more than the source voltage. (§0° got f Olese <o

Cacel ok
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14.3 Series Resonance (3)

Bandwidth B

The frequency response of the
resonance circuit current is

J

|1 |= V. I A
JR?+(wL-1/wC)? _’ -
The average power absorbed
by the RLC circuit is 1 :
P(w)==1I°R
2
The highest power dissipated P(w,) = lv_ri
occurs at resonance: g

Bandwidth B

Ol
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14 3 Series Resonance (4)

Half-power frequencies w, and w, are frequencies at which the
dissipated power is half the maximum value:

1(V,/N2)? V2

P(®,) =P(w,) =

2 R 4R

. _ | o
The half-power frequencies can be obtained by settmg/zl:{uJ(M =
— A 1 ?._ _ _ -

equalto V2 R: -7 o T B T T T o e

R

R R, 1 R [R,. T }
wl:_iJr\/(i) “Lc w2_2L+\/(2L) "Lc @, = o0, _

tazow \\rcb

V/Rt‘f ,,,,,,,,,,,,, WG (—
Bandwidth B B =0 -0 N

0 ®; w; (:) 20

Bandwidth B



14.3 Series Resonance (5)

_ o Peak energy storedin thecircuit o, L 1

Qua“ty fa Ctorl Energy dissipated by thecircuit R @, CR
INn one period at resonance
The relationship Amplitude 4
B — 5 —_ 0 __ ZCR 0, (least selectivity)
between the B, Q B L B Q —0)0 0, (medium selectivity)
and a)o: Q _ oo Q5 (greatest selectivity)
%

e The quality factor is the ratio of its

resonant frequency to its bandwidth.

e If the bandwidth is narrow, the
quality factor of the resonant circuit
must be high.

e If the band of frequencies
the quality factor must be

is wide,
low.




Example 5
A series-connected circuit has R =4 Q
and L = 25 mH.
a. Calculate the value of C that will produce a quality factor of
50.
b. Find w; and w,, and B.
c. Determine the average power dissipated at w = w,, W, W,.

Take V.= 100V. s
a} Q = bo;:)\L — ~n — SO —> oo: S'O(AB 5’0[ 5 B soo
o el GEDE) SeuE
(D> %=%=ﬂo{(——-wonls |

—
—

= —ﬁ'_ + 1{ LB +33 ,_c = = 4 +1/é y) (ozs’)( 62—5’;(/07) rL/S
808’0

— —5'0"1‘8’000:“{ =7°l?.o‘2v/$, (,QL—;+5’0+8000~{ )

——

PR 2 _ ~ s
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14.4 Parallel Resonance (1)

It occurs when imaginary part of Y is zero

" ] VI A
I=1,/6 0 Y §R % JoL ::jw—C 1B lssisesswasiein
DTOT I R [esimmmmnnans .
1 . 1 =N
Y=—+]j(wC—— :
R TI@CTT) oy g
0 W, Wy W
Resonance frequency: e R
1 1
w,=———=radls or f,6 = Hz
VLC 277/ LC

ol



14.4 Parallel Resonance (2)

Summary of series and parallel resonance circuits:

characteristic

Parallel circuit

®, 1 1
JLC JLC
Q @,L or 1 or o,RC
R w,RC @,
B Do
Q
©; O,

Q210,0, o,




Example 6

(O TIONAL)

A parallel resonant circuit has R'= 100 kOhm, L = 20 mH, and
C = 5 nF. Calculate wo, w1, w2, Q and B

—_ — [ loo 600 ’2{5
W = =

ﬁ V(?L)Cfxw"')

I= Imﬁ ij i

— . * ( 00°00
o, ~ L\)%[#Q’Q) = 1ooooo~/( (1
L 09, 000‘}/l~0000{ — o000

\

= 99, 000 2/ s
LA)L: + (f_J_?— - (o(, 000 /ng
zQ
B—; (oo — () = 2 0o ﬂ-/;
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14.5 Passive Filters (1)

e A filter is a circuit
that is designed to
pass signals with
desired frequencies
and reject or
attenuate others.

e Passive filter consists
of only passive
element R, L and C.

e There are four types
of filters.

Low Pass

High Pass

Band Pass

Band Stop

.
(b)

1 )
(©)

(d)

27



Example 7

For the circuit in the figure below, obtain the transfer function Vo(w)/Vi(w).
Identify the type of filter the circuit represents and determine the corner
frequency. Take R1=100Q2 =R2 and L =2mH.

()= Vo = Zf[Re
\A R, +2 NP

L R, < /1)

= J wbl Ry C ‘éwL\'QA

jwl +Ra | |
R, + Jwblia j‘)wLm‘) I et /QML>
< ;)wL + R <JWLQ, + an.,, \’Q)WL Ly >/‘)WL—

= 2o o . PR
R+, + R R o+, — ) R\
(—-l[oB: O ) H (v=) = E_’:__ — H(SL Pess TFioTole—
Q(%ﬂ—a__ go
CDVNAT:v-eo\r ol Q\{'RL = R Rz — Lo = Q[Q?_ = %\7.0:0>§\(0"3301)—_-. 2>, Db‘/)
w b (Ry R & 28

Answer: w = 25 krad/s



EXAMPLE 8) a) Find the transfer function H(w)=Vout/Vin
b) At what frequency will the magnitude of H(w) be maximum and what is the maximum

value of the magnitude of H(w)?
c) At what frequency will the magnitude of H(w) be minimum and what is the minimum

value of the magnitude of H(w)?

—N / L -
H[w\_’voo} - — -%_(: _ 2 dwC 0.02=2=pF
Vi. - R R, +wPy
La l 1kQ
"[LWB - - —-——’5 . — ~— NV - .
Lov Vo R, /*u““ ()
R,
— 2 =
- QZ_. _ /Q 2, C o L
kl"" :\Nﬁ\a;c« Jw d ilﬂ < N QOOU)OOIL*,D-&S —
\ e . L
e = -
cs A TR
_:/,(—LE—LE—/ HM(L\-OWLQ—‘—L«)-%OQ
;‘w \ g 4?“{) §
V‘( wax = 10 wler w =0
a) H(w)= -45455/(jo+4545.5) 29

b) Hmax=10 as w=0 rad/s
c) Hmin=0 as w goes to infinity.
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Example 1

For the RC circuit shown below, obtain the transfer function Vo/Vs
and its frequency response. Let v, = V coswt.

(a) (b)

31



Example 2

Obtain the transfer function Vo/Vs of the RL circuit shown below,
assuming v, = V,,coswt. Sketch its frequency response. R

32



Ex3) Find the transfer function H(w)=V,,/Vix-
What type of filter is it?

—AA— :
_|_

+ —
Vin . ——0.1 uF 1 kQ Vour
* O

H(w)=1000/(jw+11000), Lowpass filter



Magnitude of H(w)

File Tools

B LD -

Phase of H(w)

File Tools

BROQbED -

Plot in Matlab:

w = [1:100:1e6];

H = 1000./(j*w+11000)

plot(w, abs(H) )

semilogx(w,abs(H)) € magnitude

semilogx(w,angle(H)*180/pi) € phase

34



Ex 4)Find the cutoff frequency of the filter. Use voltage divider to
derive the transfer function. Obtain the output voltage in s.s.s when
the input voltage is V,,=1cos(100t) V and V,,=1cos(10,000t+90°) V.

1 kQ

35

wc=10% rad/s; Vo, s.ss=0.01cos(100t-90°)V, when v;,=1cos(100t)V; v, sss=0.707cos(10,000t-45°)V, when v;,=1cos(10,000t+90°)V



Example 5
A series-connected circuit has R =4 Q
and L = 25 mH.
a. Calculate the value of C that will produce a quality factor of
50.
b. Find w; and w,, and B.
c. Determine the average power dissipated at w = w,, W, W,.

Take V= 100V.

36



Example 7

For the circuit in the figure below, obtain the transfer function Vo(w)/Vi(w).
Identify the type of filter the circuit represents and determine the corner
frequency. Take R1=100Q2 =R2 and L =2mH.

L R, < /1)

37
Answer: w = 25 krad/s



EXAMPLE 8) a) Find the transfer function H(w)=Vout/Vin
b) At what frequency will the magnitude of H(w) be maximum and what is the maximum

value of the magnitude of H(w)?
c) At what frequency will the magnitude of H(w) be minimum and what is the minimum

value of the magnitude of H(w)?

0.022 uF
|
I
10 kQ
— AAA .
1 kQ
AAVAY -
——0
-0 7
z 3 O
a) H(w)= -45455/(jw+4545.5) 38

b) Hmax=10 as w=0 rad/s
c) Hmin=0 as w goes to infinity.



