LUMS

A Not-for-Profit University

School of Science and Engineering

EE 240 Circuits-I1
ASSIGNMENT 1 - SOLUTIONS

Due Date: 1 pm, Tuesday, October 1, 2024.
Format: 9 problems, for a total of 100 marks
Instructions:

e You are allowed to collaborate with your peers but copying your colleague's solution is strictly
prohibited. This is not a group assignment. Each student must submit his/her own assignment.

Solve the assignment on blank A4 sheets and staple them before submitting.

Submit in-class or in the dropbox labeled EE-240 outside the instructor's office.

Write your name and roll no. on the first page.

Feel free to contact the instructor or the teaching assistants if you have any concerns.

e You represent the most competent individuals in the country, do not let plagiarism come in
between your learning. In case any instance of plagiarism is detected, the disciplinary case will
be dealt with according to the university's rules and regulations.

e We require you to acknowledge any use or contributions from generative Al tools. Include the
following statement to acknowledge the use of Al where applicable.

I have used [insert Tool Name] to [write, generate, plot or compute; explain specific use of
generative Al] [number of times].




(a) i= % =40z cosdznt mA
p =vi =807 cos” 4zt mW
At t=0.3s,

p =807 cos*(47x0.3) =164.5 mW

06 0.6
(b) W= j pdt =807 jﬁ cos’ dridt = 40;:]0 [1+cos8xt]dt mJ

W= 407[[0.6 + 8Lsin 8t 0(')6} =78.34 mJ

T

Problem 1 (8 marks)
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Problem 2 (15 marks)

q=it=8x10°x15x10°= 120 mC
(a) [2 marks]

q=it=85x10"x 12 x 60 x 60 =3,672 C
E=pt=ivt=qv=3672x12=4406.4)

(b) [2 marks]
(@) q=[idt=[10dt=10C

3. 5x1
} ‘1=Iﬂldl - lﬂxl+(lD-TJ+SXI

=15+7.5+5=225C

(b

(© q=[idt=10+10+10=30C

(c) [5 marks]
(d) [6 marks]
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For 0 <t < 6s, assuming q(0) =0,

[

g(1) = Ifﬂf!d—q(ﬂ] jsm +0=15

At 1—6 q6)=1 5(6)' =54
For 6 <t < 10s,

]

I
q(0) -I:d: +q(6) I.'sd: +54=181-54

(]
At 1—10, q(10)=180-54 =126
For 10<t<135s,

1

I
q(t) = J""’" +q(10) =J (=12)dr + 126 = —121 + 246

I 10

Att=15, q(15) =-12x15 + 246 = 66
For 15<1<20s,

g(1) = Iﬂd: +q(15) =66
k]

Thus,

1505 C, 0 <t < 6s
a(0) = I8t-54 C, 6 <t < 10s
~12t+246 C, 10 < t < 15s
66 C, 15 <t <20s

Problem 3 (15 marks)
(a) [5 marks]

to 0.25
w(t) = / p(t)dt = / 2.5¢7 4 dt = 0.395J = 395mJ]
t1 0
p(t) = vi

2. —A4t
it) = % = 0.05¢ 3

to 0.25
q(t) = / i(t)dt = / 0.05¢ 3 dt = 8.79mC
t1 0
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(b) [10 marks]

The plot of the charge is shown below.

140

120+

100+

80

q(t)

60

40}

20

0<t<l1lms:
1<t<2ms:
2<t<3ms:
3<t<bms:
5<t<6ms:
6 <t<8ms:
8<t<9ms:
9<t<10ms:

g=1mC, i=0mA
g=—-t+2mC, i=-1mA
g=0mC, i=0mA
g=—-t+3mC, i=—-1mA
q=>5—-27TmC, ¢=5mA
g=-t+4mC, i=—-1mA
g=1mC, i=0mA
qg=—-t+10mC, ¢=—-1mA

. dg

Tt
v=12V p=wi

(0 o0<t<1

—12 1<t<L2

0 2<t<3

—12 3<t<5

60 5<t<6

—-12 6<t<8

0 8<t<9

—-12 9<¢t<10
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Problem 4 (15 marks)

(a) [7 marks] Find V, in the circuit below using Tellegen’s theorem.

I=2A
—
+ -
6a 12V A Y
—_— - —lb
— | 1
3A 8V
30v (0) v, +) S,
6A 4 13A

(b) [8 marks] Calculate the power absorbed by each element in the circuit below. Also, verify
that Tellegen’s theorem is satisfied by this circuit.

31, 24V
D TS
A4 =124

2A

214V (j

P, =12%2 =24 W absorbed
P, = —6x4=—24 W supplied
P3;=6%2 =12 W absorbed
Py =9%4 =36 W absorbed
Ps =24 %2 =48 W absorbed
Py, = —6 %2 = —12 W supplied
Poyy = —24 x4 = —96 W supplied
Psa=12%6 =72 W absorbed
Pisy = —15%x4 = —60 W supplied

According to Tellegen’s Theorem:

Power supplied = Power absorbed
24+12+96+60=24+12+ 36+ 48 + 72
192 = 192

Verified
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Vi =30V

At node 1:
C Vi-Vi V-V
e
At node 2:
V1 — V2 V2 V2 - VS
—44 2
2 + 3 + 6
At node 3:
Ve-Vi _ Vs, Vi—Vi
6 1 8
At node 4:

Va—-V1 ViV
_ V4 1, a— Vs

4
4 8

After simplifying:
1. 49=90-2V, -V,

2. —6Va+V3=-66
3. 4V5 —3V3+3V, =0
4. 3V —V3 =92

Solving these equations gives:

Vo =117V, V3 =464V, V;=322V

And the current ¢ is:

i1 =8.56A
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Problem 5 (12 marks)

(a) [7 marks] For the figure below, find the equivalent resistance of the network when looking
into the A-B terminal. All resistors have the R = 2 Q.

(h) (2)
B
(d (©)F
: (©) (f)
A
D—
(a) (b)

(®) [5 marks] Find R,;. Assume all resistances to be 1 .

|
| 1
1
a o A | 1 1
|

bo
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Problem 6 (10 marks) For the
figure shown below, find the voltages between each of the mentioned nodes and ground e.g. Vg4
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Problem 7 (10 marks)

(a) [5 marks] For the circuit shown, find the voltages vy, ve, and vs.

S
2Q
MW
vy 8Q Vo 4Q
A AAAY MW——— v3
8Q
sa(4) § 4Q 20
M 12v
(®) [5 marks] For the circuit shown, find the current i.
4Q 8Q
—— AW ANM——
4A
2Q 6 Q
) ? W MM_‘
I
30v (T 3Q 1Q
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Problem 8 (5 marks) For the
figure below, find the current, voltage, and power associated with the 20k resistor.

+

5 mA f) lﬁkﬂéﬁ, +> 0.01F, §Skﬂ §2ﬁkﬂ
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Problem 9 (10 marks) Find
Ry and I in the circuit below.

I
4Q 20
AN ANV
60 1Q
120
A
20V j) Eﬂ§ gzﬂ
40
—AAMA—
mné §3ﬂ
50
™ A
IReq

Page 13



