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Exam with model answer

Question (1): [8 Marks]

Find the equivalent resistance Rgp in the circuit in Fig.1

Convert the upper delta to a wye.

Ry = 8060 _y5g
200
~ (50)(100)
2= 000 25Q
(100)(50)

] T e— 2 Q
Bs 200 °
Convert the lower delta to a wye.
Ry = (60)(%0) =240

200
(60)(60)

5 = — 1 Q

R: 500 8
_ (80)(60)
Re = 200 24Q

Now redraw the circuit using the wye equivalents.

b

(120)(80)

18=14+4 18 =800
200 + 18 +48 + 18 = 8(

Ry, =15+125+
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Question (2): [12 Marks] /?_{
Use the node voltage method to find the power developed by
the 20 V source in the circuit in Fig.2

3800 3125 v,

' . i supernode
: _|/_/\_?{5J.lﬁ E P
v ! :
L 30 e 40 g,
M I 3.125v,
00 L0 L 400 8002
ig

Node equations:

v 11 —20 v3—vy Uy
— — A25ua =
0 + 5 1 + 20 + 3.125va =0

U2 U2 — V3 va — 20

0
40 4 1

Constraint equations:

va = 20 — vy

v — 35’l¢ = U3
'i@ = 'L’Q/4O
Solving, v1 = —20.25 V; w02 =10V; wv3=-29V

Let i, be the current delivered by the 20 V source, then

. 20—(20.25) 20-—10
g = 5 + 1

=30.125 A

py (delivered) = 20(30.125) = 602.5 W
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Question (3): [8 Marks]

Use the mesh-current method to find the total power developed

in the circuit in Fig.3

ZOA(‘P

N
iA
50 4Q
+ 6.51,
20A Dy /}g IR VRS
1

Mesh equations:

10ip — 4iy =0

—4dia + 241, + 6.5ia = 400

Solving, i; = 15 A; in=16 A

vaoa = lia +6.5ia = 7.5(16) = 120 V

P2oa = —20v204 = —(20)(120) = —2400 W (del)
Pesiy = 6.51a11 = (6.5)(16)(15) = 1560 W (abs)

Therefore, the independent source is developing 2400 W, all other elements are
absorbing power, and the total power developed is thus 2400 W.
CHECK:

pa = (16)%(1) = 256 W

psa = (20 — 16)*(5) = 80 W
pio=(1724) =4 W

paoa = (20 — 15)%(20) = 500 W

S Pabs = 1560 + 256 + 80 + 4 + 500 = 2400 W (CHECKS)
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Question (4): [12 Marks] 4A
The variable dc current source in the circuit in Fig.4 is adjusted G

so that the power developed by the 4 A current source is zero. b M
240V O'm 500 0 lde

Find the value of igc.
Fig.4

Choose the reference node so that a node voltage is identical to the voltage
across the 4 A source; thus:

Since the 4 A source is developing 0 W, v; must be 0 V.

Since v; is known, we can sum the currents away from node 1 to find vs; thus:

0—(240+l’2)+0—l’2 0
12 20 15

Uy = —180 V

Now that we know vy we sum the currents away from node 2 to find vs; thus:

Ve +240 -0 v —0 vy — v
2 e e 3 _ 0
12 20 40
vg = —340 V
Now that we know v3 we sum the currents away from node 3 to find i4.; thus:

Us Uz — V2

50 40

= ldc

ige = —10.8 A
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Question (5): [12 Marks]

The variable resistor R, in the circuit in Fig.5 is adjusted until
the power dissipated in the resistor is 250 W. Use Thévenin's
theorem to find the values of R, that satisfy this condition.

We begin by finding the Thévenin equivalent with respect to R,. After making
a couple of source transformations the circuit simplifies to

VWA \ i" 1 . J
300
200 *
160v () 30ic v,

160 — 30ia
A= ———.

iA=2A
50 ‘a

Vin = 20ia + 30ia = 50ip = 100 V

Using the test-source method to find the Thévenin resistance gives

A s e
250 | 100

w00 *

%1000 304y v

=30 20

Ry =—=

vt
r

Thus our problem is reduced to analyzing the circuit shown below.

750
100v() /'Eiln
100 \2
— o = 5(
104
R, = 250

R2+15R, +56.25 °

10 :
O,R“ = R?2+15R, + 56.25
250 ‘

40R, = R2 + 15R, + 56.25
R%? - 25R, 4+ 56.25 = 0

R, =12.5 £ v/156.25 — 56.25 = 12.5 & 10
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Question (6): [8 Marks] 47k 200

The op amps_in the circuit in Fig.6 are ideal. 0kQ v | 6y .
a) Find i,. .- v —e——
b) Find the value of the left and right voltage sources for . ey SRS .

which 1a=1a max

v A\
Fig.6
[a] Let v,1 = output voltage of the amplifier on the left. Let v, = output
voltage of the amplifier on the right. Then
—47 i —220 _
Vol = W(l) =—47V; Vo2 = T(*U.lo) =10V

ia = l’ozm% =5.TmA
[b] for iy max, the output of each amplifier is the saturation but one is
+ve and the other is —ve
The output of the right amplifier is +Vcc = +6V
The output of the left amplifier is -Vcc = -6V
lamax = (6 — (-6)) / 1kQ = 12 mA

Wik fost vce

Page 6 of 6



