Umm Al-Qura Universtiy, Makkah
Department of Electrical Engineering
Special Topics in Electronics and Communications (8024990)
Term 1;2021/2022
Homework 3

Dr. Waheed Ahmad Younis
Do not submit this homework. There will be a quiz from this homework on Wednesday (Sep 30, 2021).

Topics covered in this week:

e First order filters
LPF: G(5) = —=2 HPF: G(s) = — Where w, = R or—= Pole location: s = —w
S+wo S+wo L RC
Roll off = 20 dB/decade
e Second order filters
. — wo? —_L —p|c 1L
LPF: G(s) = i@/ Q)i rar Where wo = = and Q= R\/; or R\/;
. _ (1)02 _ 1
G(jw) = wo?-w?+jw(we/Q) I 1-(w/we)?+j(w/woQ)
16Gw)] = — 2
V{1 = (0/wp)?}? + (w/wy Q)
0dB if w < wy
20log|G(jw)| = —101log[{1 — (w/we)*} + (w/wy Q)?] = {_4010gwﬂ dB if w> w,
0
20log |G(jw)| = 20logQ ifw = w,
Roll off = 40 db/decade
20 log|G(jw)| - (dB)
. w (rad/sec)
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Pole location: 54,5, = —(:—QO +jw, /1 - 4LQZ

Cosw=1/20
e sgri(1-1/400"2)

[

e
o

| sqri(1-1/40Q°0)

1FH

[ .

Q1. Consider the following passive LPF:

L R L

Vin

Vout
. c Pt

If C=0.05uF, L=16mH and R=120Q

a. Drive the transfer function.
b. Find the poles and zeros of the filter.
c. Calculate wy, and Q. What is the peak gain and at which frequency is it observed?
d. Redesign the circuit to raise its Q to 12 without changing w,.
e. Confirm your answers by plotting the frequency responses of the original and redesigned
circuits.
Solution:
. . 1/LC . wo?
a. Transfer function: G(s) = TR/ TL/LC — r(en/Qstar?
1 1
Where w, = T = e e 35,355 rad/s
-3
Q= 1\ﬁ = L 10900 _ 714
RN C  12040.05x10
) _ wo, . I_L__35'355 ) [ 1 .
b. Poles: s, s, = 20 tjw, |1 07 - 24710 + ;35,355 |1 T 3,750 £ 35,156
c. wy = 35355 rad/s

Q = 4.714
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. _r_ _ 1 _
Peak gain=Q ’1 e 4.714 /1 Ty = 4.713
Frequency of peak gain = w, /1 - = 34,955 rad/s
d. QwillbelZif:Rzl\/Z /16“0 O = 47140
Q+C 0.05x10~

e.
T 20 log|GGw)| - (dB)
204
=12
104
- w (rad/sec)
—— l —
10000 \ 100000 1000000
=11
201
304
401

Q2. Consider the following passive LPF circuit:

- s s -
vin I %2 Vout
e~ C i~
3w
It is required that the poles should be located at s;,s, = 1,000e s
a. Calculate w, and Q.
b. Find the values of R, L & C.
Solution:
a. wy = 1,000 rad/s = 2cosw =— = T‘ = 0.7071
_ 1 Q _ 07071
b. wg= Wi 1,000 and Q= Rf f ==
Let R=70.71Q

C_Q_07071_ 1
~ R 7071 100
F\f—(1000) (=) = L=o01H
=107%(L) = 10~ 4(O 1) =100 uF
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