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Model Answer

Question (1): [12 Marks]

a) Find the resistance seen by the ideal voltage source in
the circuit in Fig.1.

b) If va, equals 400 V, how much power is dissipated in m
the 31 Q resistor? fub C—

[a] Convert the upper delta to a wye.

By — (50)(50) _ 15 502
200
~(50)(100)
RQ — W = QOQ
iy = MOS0} geps

200

Convert the lower delta to a wye.

(60)(80)
Ry= = 24.0)
200 %0
(60)(60)
Ry = = 184
; 200 31a
(80)(60)
Rg=—"—"—"-=240Q
©T 200
Now redraw the circuit using the wye equivalents.
Ry =15+125+ (123())880) +18=14+48+ 18 =80Q
[b] When v,y = 400 V
Taw
lg = 80 =9

: 48
131 = 8_0(5) =3A

pan = (31)(3)2 =279 W
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Question (2): [12 Marks]

For the circuit shown in Fig.2.

a) Write the node voltage equations needed to find the
current iy. (Write both the main and the auxiliary
equations).

b) Write the mesh current equations needed to find the
current iy. (Write both the main and the auxiliary

equations).
a) Solve by yourself.
b)
531
N
il
+——— , AN
30 \l/la &19)
v N g ) Qv
J'2 13
ARA, My
70 2Q2

Mesh equations:

53ia 4+ 8iy — ig — Dig = 0
0ia — 311 + 30i9 — 20i3 = 30
0ip — 51y — 2019 + 2Tiz = 30
Constraint equations:

ia =19 — 13
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Question (3): [12 Marks]

a) Find the Norton equivalent circuit with respect to the
terminals a,b for the circuit seen in Fig.3.

b) Find the maximum power that could be transferred to
the load connected across the terminals a,b.

a) Norton equivalent circuit

30i,
S
AN, W ®a
2k 5k 10k0)
40vQ Ji/A 2060 $50k0 % 40k0
&b
v
The node voltage equations are:
vy — 40 N Uy U] — Vg -
2000 20,000 5000 -
vy — U1 U2 U2 — U3 U1
30 = 0
5000 50,000 + 10,000 + 20,000
vg—vy | U3 U1 _

10,000 N 40,000 720,000

In standard form:

N R +‘( 1)+'(0)_ 10
“\ 2000 " 20.000 " 5000) T2\ 5000/ T Y T 2000

| L300 N (111 Y L\ _,
“TL75000 T 20.000) T 2 {5000 " 50,000 T 10.000) T\ " 10.000) ~

v | — 20 +v 1 +v ! + ! =0
11720.000 21 710.000 3110.000 " 40.000 )

Solving, 11 =24V: voa=-10V; wv3=280V
Vih=v3=280V
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2k} S5k} 10k l
a0v () 7 §2Elkﬂ7 gSUkQ‘? Isc
I J, iz isc
A

The mesh current equations are:

—40 + 2000i; + 20,000(i; — i) —~ 0
5000i2 + 50,000(i2 — is) + 20,000(ia —i1) = 0
50,000(isc — i2) + 10,000(isc — 30i) =0

The constraint equation is:
in =i —ig

Put these equations in standard form:

11(22,000) + i3(—20,000) + ise(0) + i (0) — 4
i1(=20,000) + i5(75,000) + ie(—50,000) + ia(0) = 0
11(0) + i5(—50,000) + ise(60,000) + ia(—300,000) = 0
i1(—1) + 22(1) + 25c(0) + 2a(1) = il

Solving, 11 = 13.6 mA; i3 =12.96 mA; i =14 mA; ia =640 puA

280
—_— e i 2
™, — SO

® a

14mA ™MD 200

o b

b) The maximum power transferred to the load = (Vi)’/4Ry = 0.98 Watt
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Question (4): [12 Marks]

The two op-amps in the circuit in Fig.4 are ideal, calculate vo;

and vgp.

No current flows in the resistors in the feedback, so they are neglected.

2 5kQ

15v
15v0—\T
vV
)1 ol
Um;l/ -15v i, £ 0.5kQ
15v
1V | 22k
10ve——I% i
)/l . vo2
LV | 204k0
OmA 12 10v
: 1kQ
10mA
15— 10
i — e — ].lllA
1™ 75000

i9 +11 +0=10mA; io = 9mA
Vo2 = 10 + (400)(9) x 1072 =13.6 V

15— 13.6

13 = QOT = 0.7111A

ig =13+ 1 = 1.7TmA
Vo1 = 10+ 1.7(0.5) = 1585 V
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Question (5): [12 Marks] 22kQ 3 /b 625k0

The switch in the circuit of Fig.5 has been in position a for a X0 i
long time. At t = 0, it moves instantaneously to position b. .
For¢> 0", find: 40v<+> 0.2 uF == V1 ’ C’)sov
a) Vo(t). T P, T
c) vi(tb). T -
d) wva(t). Fig.5
e) The energy trapped in the capacitors ast = oo.
[a] t <0
2.2k0 .
R
N
0.BuF T (40) (0.2) _
(0.z+0.8) oV
t=>0
6.25k0
VA, %i
+ + o
0.16uF T 10V Vo © sov

Uo(07) = 1,(07) = 40V
vo(00) =80V
7= (0.16 x 1075)(6.25 x 10%) = 1 ms; 1/7 = 1000

v, = 80 — 40e 1000t 7 t>0

[b] i, = C(i;:’ = —0.16 x 1076[40,000e 1000
= —6.4e71000t ;A - t>0"
— t
[C] v = W[ —6.4 x 10_3(’_10003: dz + 32
L 0
= (4 — 32¢7 1000ty t>0
-1 ¢ —3 _—1000
[d] v = W/ 6.4 % 107371000 g 4 g
. 0

— 16— 8e~1000ty 4>

(0.2 x 107%)(64)2 + %(0.8 x 107)(16)% = 512 .

B =

[e] Wirapped =

y A
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