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1. The switch in the circuit shown in Fig. 1 moves from position 1 to position 2 at t=0. Find v,(t)
for t > 0. (20%)

2. In the critically damped circuit of Fig. 2, the initial conditions are i (0)= 2 A and vc(0)=5 V.
Find the voltage v(t), for t > 0. (20%)
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3. The circuit of Fig. 3 has been in steady-state before the switch moves from position 1 to
position 2 at t=0. Find the voltage v(t) for t > 0. (20%)

4. The switch in the circuit of Fig. 4 closes at t = 0. If all the initial conditions are zero, find v¢(t)
for t > 0. (20%)
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5. Three branch currents in a network are known to be
i, (t) =2sin(377t+45°) A,
i, (t)=0.5c0s(377t+10°) A,
i,(t) =—-0.25sin (377t +60°) A.
Determine the phase angles by which iy(t) leads ix(t), and i1(t) leads is(t). (20%)



Possible solutions to the final exam, 11th January 2018

1. After the switch moves from position 1 to 2, the
problem becomes solving a series R-L-C circuit
without source, given the initial conditions i (0)=2 A
and v¢(0)=0. The KVL equation can be written as

lcl+2iL +V. =0, with
dt

2 dvg
IL
3dt X
Combining the above two equations yields a 2nd-order ODE
2
%ddtvzc + g d(;/t + V. =0, which allows the characteristic equation to be obtained as

s* +4s+3=(s+1)(s+3)=0. The natural frequencies are then s=—1 and s=—3 s™.
The current i, can be assumed to be i, = Ae™' + Be™™ . With the initial condition, we obtain the

1st equation i (0)=2 =A+B. The 2nd equation is given by
(jj—'tL =-A-3B =-4i, (0) - 2v.(0) =-8. Solving the two equations of A and B gives A=—1 and
t=0

B=3. =i =-e"+3" A =v,=-2i =2 -6 V,t>0.

2. Writing the KCL -equation at node P yields ' l, 0
P |
A i+ 0.0ld—v =0 . Substituting v= 4£ to the " +
10 dt dt 10 Q § 4 H ~ Vc(0)
KCL equation gives a 2nd-order ODE 001F | —
d?i, di, . . -
+10—-+25=0, which gives the characteristic
a0 J T

equation s*+10s+25= (s+5)2 =0. A repeated root of s=—5 s is found. The circuit is hence

critically damped, and v(t) must have the form v = Ae™ + Bte™.

v(0)= A=5, 0. 013—‘{ —0.01(-5A+B) = —[iL(O) +%) =-25=B=-225

t=0

v=5e""-225te™ V, t>0.

3. Initial  conditions i(0) =

2
v(0) =12
(0) =120~

“1A —>3], 2H10Q,
10+2

2=2V. After the switch 24V<i>
moves from position 1 to 2, the KVL

i+
| v(t) 'I\EF § 20
12V | 4

equation is given by —24 + 2% +10i+v=0,

and the KCL equation at node P is i _%3—\{+% Substitution of i in KCL for i in KVL gives a

2nd-order ODE of v

“ ODE: ordinary differential equation %54y 725t



2
%+73—\tl+12v:48 with the characteristic equation s*+7s+12=(s+3)(s+4)=0. The

voltage v(t) must have the form v =Ae™ +Be™ +Kk_ .

The final value V(o) =24 x 2

=4V=Kk_.

2 P

The initial value v(0)=2=A+B+4=A+B=-2
0

idv +M:£(—3A—4B)+g:>3A+4B:O

4dt|., 2 4 2

Solving for A and B yields A=—8, B=6. v=-8e* +6e™* +4V, t>0

The initial value i(0)=1=

1
i = H
. The KVL equation is given by —24+2i+%%+vc:0. t=0 20 2
—AMN—T0—
: , dve . e
The current i can be expressed as i =0.1—5, which allows i(t) +
dt 24 \/ T~V (t)
the KVL equation to be written as a 2nd-order ODE 0.1F |-
2
4Ve | 4%, 20y, - 480.
dt dt

The characteristic equation is s +4s+20=0=>s=-2+ j4s™. The capacitor voltage Vv,
must have the form v, =e™ (Acos4t+Bsin4t)+k_ .

The final value v, () =24=k,.

The initial value v, (0)=0=A+24= A=-24.

The initial value i(0)=0= 0.1%0 = -2A+4B=0=>B=-12

t=0

Ve =—e'(24cos4t +12sin4t)+24 V, t>0

. Transform all the currents in cosine functions.

i, (t) = 2sin (377t + 45°) =2 cos (377t + 45° — 90°) = 2cos (377t — 45°) A
i, (t)=0.5c0s(377t+10°) A
i, (t) = —0.25sin (377t + 60°) = — 0.25c0s (377t + 60° — 90°)
= 0.250s (377t + 60° — 90° +180°) =0.25c0s (377t +150°) A
i1 (t) leads ix(t) by —45°—10 © =559,
ix(t) leads ia(t) by —45°—150° =—195° or by —195°+360 °=165 ©



