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Question © (10 marks) 3200
In the circuit in Fig.1. Use the Y <& A transformations i
to find the total resistance between a and b terminals. 20 Q 500
a —
Tmon L|31000  i|3600
b . .
Fig.1

After the 20 2—100Q—50 2 wye is replaced by its equivalent delta, the

circuit reduces to
320Q

LA LT

80Q
400Q igemn

240Q 160Q

Now the circuit can be reduced to
64 Q

Then the equivalent circuit is the 96 ohm in parallel with (64+240)
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Question @ (20 marks)
For the circuit shown in Fig.2, i“T

a) Write the node voltage equations needed to
find the currents i, to i.. (Write both the main
equations and the auxiliary equations).

b) Write the mesh current equations needed to 200V
find the currents i, to i.. (Write both the main

equations and the auxiliary equations).

a) Write the node equations by yourself.
b) Only needed the mesh equations

o
9
WA
| & +
NN
W
[
o,
o —

ia l2
/]\ 250) /_\/ c
— AW [ 3
— L i, 71000

200v() /_\, E0(]

200 = 8517 — 2519 — 5013

0 = —751; + 3515 + 15015 (supermesh)

din iy = 4305 — )

Solving, i; = 4.6 A; e —5.T A i3 =097 A
i, =iy =5TA; i,=i;=46A

=3 =097 A; dg=i;—ip=—1.1A

e =11 — 13 = 3.63 A
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Question © (20 marks) ‘2\/\%
The variable resistor Ry in the circuit shown in Fig.3 is

adjusted for maximum power transfer to Ry.
a) Find the numerical value of R|.
b) Find the maximum power transferred to R.
c) Find the value of R if the power transferred to
itis 24 Watt.

[a] Find the Thévenin equivalent with respect to the terminals of Rj..
Open circuit voltage:

AMy
2Q2

20 R
The mesh current equations are:
—240 + 3(i1 —i2) + 20(i; —i3) +2i4, = 0
2iy + 4(ig — i3) + 3(ip — 1) = 0
10ig + lig + 20(i3 — 1) + 4(i3 —i2) = 0
The dependent source constraint equation is:

ig =1a — 1

Place these equations in standard form:
i1(34+20 4+ 2) +i9(—3) +13(—20) +1i5(0) = 240
i1(=3) +i2(2 4+ 4 + 3) +i3(—4) +i5(0) = 0
i1(—20) 4+ 19(—4) +i3(1 +20+4) +1i5(10) = 0

i1(—1) +12(1) +143(0) +i5(-1) = 0
Solving, i;=99.6 A; i, =78 A; i3=1008A; iz3=21.6A
Virp = 20(i; —i3) = —24 V
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Short-circuit current:
AN
20

240v(2) 2;:;\;1 ’—\/ <+>0 ig

200 10

AW & —w

The mesh current equations are:
—240 + 3(iy — i9) + 244 = 0

219 + 4(i2 — ig) + 3(i2 — i1) = 0

The dependent source constraint equation is:

ig =1l — 11

Place these equations in standard form:
i1(3 4+ 2) + i2(—3) + i3(0) + i3(0) = 240
i1(=3) +i2(2+4+3) +i3(—4) +i5(0) = 0
i1(0) + ia(—4) + i3(4 + 1) +i3(10) = 0

i1(—1) +ia(1) + i3(0) + ig(—1) =0

Solving, ;=92 A; i2=7333A; i3=96A; 1i3=18.6TA
Vv -
™ _ —24 60

lsc —4

ise = 11 — i3 = —4 A; Ry, =

AMA L 4
600 +

24v () 12V 260

4

Ry, = R, =602
122

[c] at P, =24 Watt = P, ¥ R =Rty=6 ohms
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Question @ (8 marks) 10 12k
The op amp in the circuit in Fig.4 is ideal. Using V. =
+ 5V,
a) Find the range of values for o in which the op
amp does not saturate. 1L6kQ
b) Find i, in microamperes when o= 0.272

250 mV 6.4 kQ

v

Fig.4
[a] Replace the combination of v,, 1.6k, and the 6.4k(2 resistors with its
Thévenin equivalent.

A ® AW ®
1.6k02 1.28Kk(2
0.25v(%) 26.4k0 — 0.2v()
v v v ‘
_ —[12+ 050]
Then Vo = T(OQO)
At saturation v,= -5 V; therefore
12 + 030
— <W) (02) = —5, or 0=04
Thus for 0 < ¢ < 0.40 the operational amplifier will not saturate.
—(124+13.6
[b] When o =0.272, v, = (12 + )(0.20) =—4V
1.28
v v
Also — ® 1i,=0
* 10256
. Vo Uo 4 4
="70"256 10 + G mA = 556.25 pA

Good Luck,
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