Assignment
b&\ y ECT2036: CIRCUITS AND SIGNALS

&
@4\6}0 THIS SOLUTION WILL BE MADE AVAILABLE ONLINE
%Q@ AT http://www.geocities.com/ezy447/assign1-06_ans.pdf

AFTER SPM, FRIDAY, SEPTEMBER 8, 2006

> Date of submission: on or before 5.00pm, 12" September 2006.
» You should submit your assignment to your respective tutor.
» Each question carries 15 marks. You should attend all the questions

Question 1
a) List ten cut-sets of the following graph:

o / 2/
4 A
T 3

e

~
b) Derive the equations of the following network in terms of:
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(1) Chord currents.
(i1) Branch voltages;

(Hint: take the treeas { 1,2,3,4 }).
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If we take tree branches as 1, 2, 3, 4 then co-tree branches are 5 and 6. The graph of

this tree becomes:

fq
N

fqs

Fundamental cut-sets:

Fundamental cut-set 1: fq;: {1, 5}

Fundamental cut-set 2: fq,: {2, 5}

Fundamental cut-set 3: fqs: {3, 6, 5}

Fundamental cut-set 4: fqa: {4, 6, 5}

From fundamental cut-sets we obtained, we can derive the chord current equations. We
define current entering the node as positive and current leaving the node as negative.
From fq;: 15—1;=0

From fqy: 1-15=0

From fqs: i3+ig—i5=0

From fq4: i4+ig—15=0

Fundamental loops:

Fundamental loop 1: fl;: {5, 1,2, 3,4}

Fundamental loop 2: fl,: {6, 3, 4}

For fundamental loop voltage equations, we treat branch orientated in the same loop
direction as positive and branch opposed the loop direction as negative.
From fl;: vstvi+tvotvy+vse=0

From fl,: —vetv3+vs=0
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Question 2
a) Sketch the waveform

f(t)=2u(t) +u(t—=1)- 3u(t-2)+u(t-3).

f(t)
3L--
2
1 l—
[ (— >
|
1 2 3456 t

b) Determine whether f(t) = e ' [u(t) + u(t—1)]is an energy signal ?

Energy, E = j f2(t)dt = j(e-‘)z[u(t) +u(t—1)]7dt
Please do this part o oo
on your own as
you should get an

Energy signal

= Te‘”zzdt =4 Te‘”dt = 2e-2t\: =2(0) - 2(c0) = —0

f(t)=e "[u(t)+u(t=1)] is NOF an energy signal
¢) Are the functions givenin (a) & (b ) even or odd ?

For f(t) = 2u(t)+u(t-1) -3u(t-2)+u(t-3)

To test for even: f(—t)=2u(-t)+u(—t-1) -3u(-t-2)+u(-t-3)
=2u(t) —u(t+1)+3u(t+2) —u(t+3)
=not an even function

To test for odd:  —f(—t)= —{2u(-t)+u(—t—1) 3u(—t-2)+u(-t-3)}

= —{2u(t) —u(t+1)+3u(t+2) —u(t+3)}
= 2u(t)tu(t-1) -3u(t-2)+u(t-3)
= f(t)
= an odd function
For f(t)=e Tu(t)+u(t-1)]
To test for even: f(—t)=e'[u(—t)+u(—t-1)]
=e'[-u(t) —u(t+1)]
=u(t)e—u(t+1)e'
=—¢'Tu(t)+u(t+1)]

= not an even function
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To test for odd:  —f(—t)= —{eTu(-t)+u(-t-1)]}
= —{eTu®) ~ut+D]}
= —{—u(t)eu(t+1)e'}
= —{—eTu(t)+ut+ 1]}
= e'Tu(t)+u(t+1)]
= not an odd function
d) Carry out discrete time convolution at, n=35 for
filn] = (-1)"{uln] +ul[n-1]};
fo[n]=n{dé[n]+2u[n-1] - u[n-21]}

For discrete-time convolution,

c[n] =Zn:fk]hn k]:>c[n]_Zf[k]f[n k]
k=0 k=0

w

c[51=> f,[kIf,[5-K]

k=0
= f,[011,[5]+ f,[111,[4]+ f,[2]f,[3]+ f,[3]f,[2]+ f,[4]f,[1]+ f,[S]f,[0]
=1(5)+ (=2)(4) +2(3) +(-2)(2) + 2(2) + (-2)(0)

=5-8+6-4+4-0

=3

Question 3

a) Determine the Fourier series for the periodic function shown in Figure Q3a.

f®
2
1
| | >
2n 0 2 4 6 8 t
Figure Q3a
Since T=4; o, = 27 _ 2—” . , thus

T 4 27
Fourier coefficients:

Aozl]f(t)oltzl Tzdt+j-1dt :l[2t|° +t|2]:l(4+2):§
T4 A EA 45712 el g 2



Assignment
ECT2036: CIRCUITS AND SIGNALS

Fourier cosine coefficients:

2" 2| ¢ T r T
=—| f(t)cosnw, tdt ==| | 2cosn—tdt + | cosn—tdt
-3t feonon fons

0 2
:l 2J.cosn£tdt+.[cosn£tdt
21 2 1 2

0 2
sinnzt sinnzt
_ 2 L1 2
W7 |2 T
25, 2

Fourier sine coefficients:

T [0 2 ]
B, =3j f (t)sin nw, tdt = = [2sinnZtdt + [ sinn Ztdt
TY 4|4 2 4T

0 2
= stinnztdt +Isin nztdt
2 2 1 2

0 —12

s V.4
cosh—t cosn—t
2 1 2

AN
2, 2,
NG PG

2Nz nz

e
I’VZ'

(cosnt=-1 ifnis odd)

The Fourier series can be written as:
fy=A, +ZAn cosna,t + Z B, sin na,t
n=l1 n=1

Substituting the Fourier coefficients yields:

f(t)_——z {( D", 1y }sinn%t

=1

b) For the circuit of Figure Q3b, the applied voltage V(t) is given to the circuit as
V (t) = 3+ 5.4cos(1007t —45°)+ 3.82cos(2007t —90°)+ 1.8 cos(3007t —135°).
Find:
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1)  The current flowing through the resistors, 1(t).

For calculating the current, I(t) flowing in the circuit, we have to calculate the circuit
impedances at all the frequencies for which the signal components are present in the
applied voltage.

The applied voltage consists of dc component, fundamental, second harmonic and third
harmonic components. The fundamental frequency, ® = 100w

Impedance at zero frequency (dc):
Z,|=R =R, +R, =(15+15)Q =30Q Phase angle, 5, = 0°

V, 3

l,=—=—=0.1A

R 30
Impedance at fundamental frequency (o = 100m)
Z,=R*+ jalL
1Z,|=VR* + @’ =/900+986.96 = 1/1886.96 = 43.44Q2
Phase angle, &, = tan™' %L =tan "' % =46.32°

Impedance at second harmonic frequency (2m = 200m)
Z, =R+ jQal)
1Z,|=VR* +40’ L’ =+/900 + 3947.842 = 1/4847.842 = 69.63Q2

Phase angle, &, = tan™' 2—0R)L =tan"' % = 64.48°

Impedance at third harmonic frequency (3w = 300m)
Z, =R’ + j3al)

1Z,| =VR* +90° L% =+/900+15791.367 = +/8882.64 = 94.25Q
43wl 3007 x0.1

Phase angle, 0, =tan™ —— =tan” ——— =72.34°
R 30
Thus:
IO =1,O+LO+L,O+1;0
\Y

0 Vl V2 V3
=—+——cos(awt—9,)+ —==—cos(awt —0,) +—=—cos(awt —9,)
R [z o[z Tz 3

c0s(10078 —91.32°) + —-52_ 005(20072t — 154.48°) + 5 cos(300t — 207.34°)
69.63 94.25

() = = 4>
30 43.44
1(t) = 0.1+ 0.124 cos(1007t —91.32°) + 0.055 cos(2007t — 154.48°) + 0.019 cos(3002t — 207.34°)
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i1) The I,y and Vs

(VS BV BV B VA
I = |5t 5t ——5+-—5
Ry 2 |Zl| 2 |Zz| 2 |Z3|

= \/(0.1)2 +%(0.124)2 +%(0.055)2 +%(o.019)2

=4/0.0194

=0.139A

2 2 2
Vrms :\/V02+V_1+V_2_|_V_3
2 2 2

\/2 542 3822 1.8
=,/3" + + +

2 2 2

=+/32.496
=57V

15Q

—— AN

O ElOOmH
]

15Q
Figure Q3b

Question 4

a)  Find the inverse Laplace Transform of the following functions:

: _ 4s+5
o FE= (s+1)(s+2)

By using partial fraction:

4s+5 A N B N C
(s+1)(5+2)° (5+2)° (s+2) (5+1)

CAG+D+B(s+2)(s+1)+C(s+2)°
- (s+2)*(s+1)

= 45+5=A(S+1)+B(s+2)(s+1)+C(s+2)*

Fors=-1: 4(-1)+5=C; C=1
Fors=-2: 4(-2)+5=-A; A=3
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Fors=0: 5=A+2B+4C; 5=3+2B+4(); B=-1

3 v oo
S (s+2)° (5+2) (s+1)

F(t)=3L{ ! 2}—L{ ! }+Ll[ ! }
(s+2) (s+2) (s+1)

—t

F(s)

=3te? —e M +e

=Gt-le +e

10(s +1)

W FE= s(s® +6s +10)

By using method of convolution:

F(S) = Fl (S) + Fz (S)

10(s +1) _(QJ[ s+1 J
s(s>+65+10) \s \s?>+6s+10
[&j s+1

s \(s+3)* +1

F(t)=10L" (lj = 10u(t)

S

s+1 S+1

Fz(s): 5 = . .
(s+3)"+1 (S+3+)(s+3—-))

From partial fraction, we get:

s+1 A . A
(S+3+j)s+3-j) s+3+) s+3-]j
s+1 A
(S+3—]J) s+3+]
s+1
AA=—T—"+
(s+3-Dls_s
-2

_2J
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A =1’ +(=1)* ZLtan"' (-1/1)
=1.414/£—45°
To find A¢, the complex conjugate of Ac:

Al =1+ ]
A" =17 +1° Ztan ' (1/1)
=1.414./45°

1.4142 —45° N 1.414.245°
S+3+ ] S+3—j

Fz (s)=

F, (1) = L'[F(s)]
= 2[1.414]e™ cos(t +45°)
=2.828e ™" cos(t + 45°)

—4s

Se
(i) F(s)= m

By using partial fraction:

se™ ( A B j_4s
= + e
(s+2)(s+3) (s+2 s+3
_ (A(s +3)+B(s+ 2))9_45

(s+2)(s+3)

=se ™ =(A(s+3)+B(s+2)e™®

Fors=-2: -2e*=Ae™®; A=-2
Fors =-3: —3e™ =—Be™; B=3
F(s)= [i —Lje‘“

S+3 s+2

F(t) = (3 L {i} —oL {iD L]
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= (37 —2eHtu (t)LM

=3 — 22" [(t - H)u(t —4)]

In the network of Figure Q4b, the switch is moved from position 1 to position 2
at time t = 0. Just before the switch is moved to position 2, the initial conditions

are: 1, (07)=1A, v.(07) =3V . Using frequency analysis, find the current i(t)
fort> 0.

,——%\SC 3Q 1h
VAR SHIO
—_—
R & i, (02)
()U(U
2 il N i
5_—_01(” i “W ve(0=) '.'.-";._%f

ip— i

e

Figure Q4b

Since switch is at position 1 for a long time, capacitor is fully charged.
Given V. (07) =3V = v(t) =3V

Take KVL for voltage equation across the loop:

(Integro-differential equation att=0")

Vg =Vg +V| +V,
. dit) 1 ¢.
=Ri(t)+ L—=+ = |i(t)dt
)+ L= =+ [i®

i 3O, T
3=310+1= +(l/2)j|(t)dt

Cdit) ¢
3:3|(t)+T+2J'|(t)dt

To find current i(t) for t > 0, take Laplace transform for each voltage

element in the loop.

Vi) =v,t) — V(s)=vls(t)=§

V(t)=R-i(t) — V(s)=R-1(s)=3I(s)
V(t)=L-%—> V(s)=Ls-1(s)=1s-1(s)

10
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1. 1(s) 1 2
V(t)=—|i(t)dt V(E)=—=——I(s)=—1I(s
)= Jidt— V(=" 125 ©=5'®
Current flowing across elements in the loop:
3I(s)+sl(s)+%l(s)+§:0
I(s)[3+s+gj:—§

S S
1(s)=- 5 =—— >
( 2) s> +3s+1
S|3+S+—
S
Make it into the form of
2
1(8) = 0 2 T2 >

S*+28w,S + w, S”+3s+1
From the quadratic equation: s* +3s+1
s_—bi\/b2—4ac

2a
B —3+4/3% —41)(1)
) 2(1)
_—3+45
2
-1
I(s)=-5 s+3+\/§ s+3_\/§
2 2
Perform partial fraction decomposition:
- 1 B A N B
s+3+\/g s+3_\/g s+73+\/g S+73_\/§
2 2 2 2
A[s o3 _2\6} + B(s o3 +2\/§j

[s+3+\/gj[s+3_\/§j
2 2

:I:A{s+3_ﬁj+8(s+3+ﬁj
2 2

11



Assignment
ECT2036: CIRCUITS AND SIGNALS

:>1:A(s+3_\/§] = A= : -5
2 3-45 345
2 2
ForS:—3+\/§:
2
=1=B s+3+\/§ = B= 1 =5
2 _3+\/§+3+\/§
2 2
I(s)= 5V - Vs
3+4/5 3-4/5
S+ S+
2 2
1 1
1(s) = (5v5)- -
3+4/5 3-4/5
S+ S+
2 2
Take inverse Laplace transform to obtain t-domain function:
1(t)=L[1(s)]
() = (55) | L' — | !
3+4/5 3-45
S+
2 2
35 35
I(t)=(5v/5)-|e 2 —e 2

¢)  For the network given in Figure Q4c; calculate the voltage across capacitor, V..

30Q

— O

100u(t)

im

S0V 0.01F —
-1 - 20Q

12
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Figure Q4c
Question 5

a) Derive the ABCD parameters in terms of impedances Z,, Z, and Z; for each of
the network given in Figures Q5a and Q5b respectively.

I3 P
| Zy Z; )
+ +

A . Va
® o

Figure Q5a: T-network

|1 P
[ > Z3 > o
+ +
Vi 5 . Vs
[ J

Figure Sb: II-network

b) Given:
1)  Z, is an impedance for a 10Q resistor,
i1)  Z, is an impedance for an inductor with inductance of 8 pH
1i1) Zs is an impedance for a capacitor with capacitance of 4 nF

Find the values for each of the ABCD parameters.

13
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For T-network:

Take Z-parameter equation:

Z:{Z“ le}
ZZI Zzz
V1 = |1(Zl +Z3)+ Izz3
V2: |1Z3+|z(zz+zz)

V, 0o z,+2, Z,
v, b Z, Z,+Z,
2,+2,=2,=2,=2,,-2,,=10Q

Ly=Lp=Ly=>2,=21y-Z,,=8uH
2,+2,=2,=>2,=2,=2,=4nF

Transform Z-parameter into ABCD (t-parameter):
By using formula given in lecture notes:

M
|:t11 t12:|:|:A B}: Z, I,
L by c D L Iy

Zy Iy

Where A7 =12,,2,, — 7,2,

2 +2, (2,+2,)(2,+25) -2

A B _ Z, Z,
CcC D Z, +1,

1
Z, Z,

A=10—j4><10‘9

107 =1+ j2.5x10°Q
_J X

(10— j4x107)(j8x107° — j4x1077) = (—j4x107)* _

B _ - —~19990 + j8x10°Q
- J4x10
C:+m_9: J25X109Q
_J X
- 76 - 79
D:JSXIO J4x10 19990

— j4x10”°

Please note that for ABCD parameters calculations, intermediate steps involve to obtain
final value are not shown in full.

14
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For m-network:

Take Y-parameter equation:

Y:{yll %2}
Yo Yo

|
Yi =" =Ya+Yg
Vl V,=0
v,=hl oy
12 =~ Ts
V2 V,=0
|
Yz =—2 :_YB
1 Vl V,=0
|
Yo =5 =Yg +Y¢
V2 V,=0

Y, =Y, +Y,=2"=1/Z,
Yo =-Y,=-Y,=2; =1/Z,
Yo=Y, +Y,=2,'=1/Z,

Transform Y-parameter into ABCD (t-parameter):
By using formula given in lecture notes:

Y __1
1:11 t12 — A B — y21 y21
ty t,]| |[C D] |Z&Y -V,
yzl y21
Where Ay:yllyzz_yz1y12
ERAERA 1
A B Y Ve
C D| |Ya+Yg+Ys Y, +Y,
1+Z—3 Z3
_ Z,
N z, 1 Z,
I+—=+— 1+—
z, 1z, Z,
. -9
a=10- 1219 _ 599950
J8x10

15
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B=—j4x10°Q
: -9
co1 A0, L 00
10 j4x10
: -9
D=1—%=1—j4x10409

Please note that for ABCD parameters calculations, intermediate steps involve to obtain
final value are not shown in full.

END OF SOLUTION
Enjoy your day.

Solution prepared by Uncle Lim.
Wednesday, September 06, 2006

Revised Monday, September 11, 2006
Version 2 uploaded Monday, September 11, 2006

Credits:
Thank to Old Son (Lao Zhi), Ray, Wilson for their contribution on error checking.

Here is some information regarding Uncle Lim, in which you might have some interests
to know about. Uncle Lim generally refers to a person that’s referring back to himself,
translated from the context of Chinese terminology “Lim Pek”. In English terms, we can
refer this to “me”, the person who prepared this document. When that person says, I
wrote this solution, the word I refer to Uncle Lim as well. Uncle Lim basically means me,
myself, or I, when you are about to mention something to another person from your point
of view, originally used for those who wish to say something that refers back to his own.
In the context of this document, Uncle Lim means “Lim Pek”, and again, the person who
developed the answer to the question, but not those who copies the solution prepared by
Uncle Lim.

Disclaimer: Use this document at your own responsibility. Do not assume answers given
are correct and error-free. Uncle Lim holds no responsibility in the event that answers or
copies submitted contain mistakes that are exact or identical. This is not a copyrighted or
intellectually protected material. Information provided is only a person’s effort to solve
the problems at its own ability. It is not encouraged to make free distribution, duplication
or circulation of this document in any form, either manually or electronically.
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