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(1) Define current and charge?
(3 marks)

(i1) Calculate the current flows when a charge of 2 C passes through a

given point each second.
(1 mark)

(iii)  Determine the total charge entering a terminal between r = 1 s and

¢ =2 s if the current passing the terminal is i = (3t? — t) A.
(2 marks)

(iv) A current of 3.2A flows through a conductor. Calculate how much
charge passes through any cross-section of the conductor in 20 s.

(2 marks)
If the current flowing through an element is given by
3tA, 0 <t <6s
() = 184, 6 <t <10s
HY70 124, 10 <t <155
0, t>15s.
Plot the charge stored in the element over 0 <t < 20 s.
(8 marks)

Compute the power absorbed or supplied by each component of the circuit
in Figure 1(c).
(4 marks)

Compute the current Iy, I3, Ic and Ip in Figure Q2(a).
(4 marks)

The light bulb in Figure Q2(b) is rated 120 V, 0.75 A. Calculate V; to
make the light bulb operate at the rated conditions.
(6 marks)

Compute the equivalent resistance for the circuit in Figure Q2(c) by using

delta network to wye network transformation and use it to find current .
(10 marks)
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Calculate the node voltages in the circuit of Figure Q3(a).
(12 marks)

By inspection, compute the mesh-current equations for the circuit in
Figure Q3(b).
(8 marks)

Using superposition theorem, compute V, in the circuit of Figure Q4(a).
(6 marks)

Determine v, in the circuit of Figure Q4(b) using source transformation.
(7 marks)

Calculate the Norton equivalent at terminals a-b of the circuit in Figure

Q4(c).
(7 marks)

The voltage across a 4 pF capacitor is shown in Figure Q5(a). Compute

the current waveform.
(5 marks)

Compute C,q, in the circuit of Figure Q5(b) if all capacitors are 4 pF.
(5 marks)

[f the voltage waveform in Figure Q5(c) is applied to a 50-mH inductor,

compute the inductor current i(t). Assume i(0) = 0.
(6 marks)

Compute the equivalent inductance looking into the terminals of the circuit
in Figure Q5(d).
(4 marks)
In the circuit shown in Figure Q6(a).

v(t) = 567200ty t>0

i(t)=8e"%""mA, >0
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(i) Determine the values of R and C.
(i1) Compute the time constant 7.

(ii1) Determine the time required for the voltage to decay half of its initial
value at 7 = 0.

(5 marks)
For the circuit in Figure Q6(b), calculate i, for t > 0.

(6 marks)
Express the signals in Figure Q6(c) in terms of step functions.

(3 marks)

Calculate v, in the circuit of Figure Q6(d) when v = 6u(t). Assume that
v,(0) = 1V.
(6 marks)

- END OF QUESTION -
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FORMULAS

The voltage division principle for two resistors in series is
Rl
Vy=—""—V
R, +R,

2\ "——-——————Rz %
y =
R, +R,

The current division principle for two resistors in parallel is
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Delta to Wye-Conversion

_ Rb Rc
" R, +R, +R,

R.R

C a

? =Ra+Rb+Rc

R,R,

a

"R +R, R,
Wye to Delta Conversion

_ RR, + R)R; + Ry R,

RH
RI
R - R R, + R,Ry + R;R,
b R2
R - RR, + R Ry + R, R,

cof R3

The number of branches b, the number of nodes », and the number of independent
loops / ina network are related as

b=Il+n-1
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The power delivered to the load is:

2
2 v,
P: lhRL | "1 RL
R771+RL

For maximum power dissipated in Ry, Pp.y, for a given Ry, and Vry,

2

V.
R, =R, = P, =2
L TH max 4R

L

CAPACITORS

The current-voltage relationship of capacitor according to above convention is

i=Cc <2
di

1 ¢
v=— 7/|idt+v(t
= (%)

The energy, w, stored in the capacitor is

w:le2
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INDUCTORS

The current-voltage relationship of an inductor:
i—lf W) dt +it,)
L 0
The energy, w, stored by an inductor:

w:lLf

Current and voltage relationship for R, L, C

Circuit Units Voltage Current Power
element
ohms (Q) v = Ri i=)% p=vi=i?R

(Ohm’s law)

Resistance

l

henries (H) | i=%fvdt+k1

Inductance

L _ oy di
p—vx—Lxdt

_T, 1 (. . _.dv
/l\ farads (F) U=E,fldl+k2 1—~Cdt

Capacitance

e dr
p=vi=Cv i
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Important characteristics of the basic elements.

Relation Resistor (R) Capacitor (C) Inductor (L)
1 ¢ di
y-i: v=IiR v:—_[ idt+v(t,) | v= “
C-. dt
d 1
iy i=Y i=cZ i=— [ vat+i(t,)
R dt L
2 1 1
orw =i2R=" w=—Cy’ w=—Li’
P Pt TR 2 2
. CICZ
Series R, =R +R, = m L,=L+L,
R,R L L
/ Re = 122 Ce( =C, +C Le = —
Paralle " TR TR, 7 1T L +L,
At de: Same Open circuit Short circuit
Circuit variable
that cannot change | Not applicable y i
abruptly:
An op amp integrator An op amp differentiator
a K ip R
5 AAAA
oL ; o
* oV L o i i s
5 % + + .3 H p X —
% 3
° -t o ij %
@ © I ol
N Xcdf}i
g = RO
) ve dt
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%
i - i
& R
+ ;
C &= v K
v dv
KCL=>i, +i.=0>—+C— =0
' R dt

A RC source-free circuit

v(it)=V,e"">r=RC

V"

A
¢ v §R
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A first-order RL circuit consists of a inductor L (or its equivalent) and a
resistor or its equivalent

l
; 1) A
© "
» G
; Tangentatr=0
L VL R : ﬁg
+ e 03681, Fe Ioe”’/’
i S
— 0 1 '
v, +v, =0
] .
L—+iR=0
dt
/ A
/ \
/
Inductors law Ohms law

A RL source-free circuit
i(t)y=1, et

where 7 = —
R

20
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The unit step functionu() is 0 for negative values of 7 and 1 for positive values of 7.

u(t)
0, <0

1) = |
u(®) 1, >0

0 1
1t~ 1,)
0, <t
o 1 e
u(t—t)) = |
1, t>1, |
4] s t
(a)
u(t + £,)
prs— i
0, t<—1t, !
u(t+1,)) =
2 Z > — to -, 0 !
)
Represent an abrupt change for:
=0
a
1. voltage source. oy —
b
@) (b)
i=0 A“I’_
O—-0 ¢
2. forcurrent source: 1,(0) -
b
(a) (b)
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Summary of basic op amp circuits.

Op amp circuit Nameloutput-input relationship

Ry Inverting amplifier

AVA’%A Rz

R, Py = M;m
¥ % o % 1
Nominverting smplifier
¥y /

.1; o, = (1 + %})ﬂg

T — 8 5
R, Swromer
By QAP P ‘v‘y‘w‘v _ xf % %-
2, P == ] }g‘“;& + E—vz + 5-”’
%y A 3 e : 2 3
x| [P
¥y O AWWpd T
2, 2 Difference smplifier
¥ Ot R
U, = ‘Ef‘(ﬁz = vy}
%
x | &
# b—-*V@M—*—Wﬁ-l
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