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a) Find the expressions for Vg and Vo in terms of Vg in the circuit in Figure Q1.a. (The op amps

are ideal). [4 points]
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For ideal op amps: v'=v" and i =i'=0

KCL at node x:

Voltage division of V,g and V,:

From (1) and (2),

And

University of Toronto

Figure Ql.a

Vag 3
VS=_7_VAB =_2VAB
Vs = =3

20f10



ECE 212HI1F - Circuit Analysis October 30,2014
18:10-19:50

b) For the circuit in Figure Q1.b, (The op amps are ideal):

4R
USI(t) 2R _Li(t) Us2(t)
+ e | i +
f+ =+ C + —
L Ua(t B
_( ) v_(t) RS 4
1 n _
Figure Q1.b.

1) Find va(?) in terms of vy;(¢) and vy,(2). [2 points]

Using the inverting circuit equation:

4R
vy(t) = — R Vs () = —2vg, (1)

va(t) = =205, (t)

2) Find vp(t) in terms of vy;(t) and vs(2). [1 point]

Using the non-inverting circuit equation:

2R 3
v (0 = (14 77) v () = 5 v02(®

vp(t) = % Vs, (t)

3) Find the expression for i,(z). [1 point]

Current flow through a capacitor:

3
dvAB (t) —c d(vA(t) — Vg (t)) . d <—21751 (t) - EUSZ (t))

() =C dt dt dt

d‘US1 (t) 3C d‘US1 (t)

o) =—2C dt 2 dt
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Question 2
The switch in the circuit in Figure Q2 opens at # = 0. (It has been closed for a long time).

2 kQ
— A = .

3 kQ
—_—0.5 MF Uo(t)

SVCD:':

Figure Q2

1) Calculate the voltage v,(t) for t > 0. [2 points]

i,(0) =2 _1ma, v,(0) = 1mA x 3kQ + 3V = 6V and v,(c0) = 8V

In the given network: =
(2+3)k0

Circuit time constant, T, = RC = 2kf) X 0.5uF = 1msec = ﬁsec

. t . . .
Using 1* order circuit equation:

For t >0, v,(t) = [v,(0) — v,(00)]e~t/Tc + v,(00) = [6 — 8]e 1000t 4 8 = 8 — 2¢~1000L |

Vo(t) =8 — 271000t iy fort >0

or
Vo(t) =(8 — 2271000y () v

2) Sketch v,(t) waveform for ¢ > 0. [1 point]

vo(H)[V] A
8
6 /
4 L
2 B t [msec]
| | | ] | >
1 2 3 4 5
-2
4 0f 10
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Question 3

The switch in Figure Q3 has been in position 1 for a long time and is moved to position 2 at 7 = 0.
For L=4 mH, C=10 pF and I,=2 A.

N

ir(t)=ic(1)

l"\\
I [ A
r 3 O
1! 1
P =
L
L

Figure Q3
a) Determine the values of R that make the circuit response (i)-overdamped, (ii)-critically damped

and (ii1)-underdamped. [3 points]

Using the 2™ order equation [a series RLC circuit] page 9:

d?vc(t) Rdvc(t) 1
az "I ar Trcre®=0

Laplace Transform of this equation:

ST st =0
L LC

Compare it with the 2" order standard form:

S2 4+ 20w,S + w,?2 =0

1 1
Then, Wy = \/T_C = \/m = 5000 rad/sec
& 20w, ==
R
2¢ X 5000 = s
Overdamped response
_ R
¢ =70 R> 400

For the overdamped response { >1 .~ R > 4012 Critically damped response

For the critically damped response { =1 ~ R =401 R=40 )

For the underdamped response { <1 -~ R <402

Underdamped response

R< 4010
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b) If R=100 Q, find v,(¢) for t >0 . [2 points]

R=100 Q> 40 Q - Overdamped response
§2 + 250008 + 5000%2 =0

Sig2 = —1043.56 & —23956.44
V() = K e~ 104356t | | o—2395644t y/ fort >0
From the given circuit: v-(0) =0V, i,(0)=1I,=24, v,00)=0V & v,(0")=-200V
Using the initial conditions, we can calculate K; & K, as follows:
ve(0) =K +K; =0 (1)

i,(t) = ic(t) = Cd"%” = —1043.56CK, e~ 104356t _ 23956 44CK,e 2395644t A for t > 0

i,(0) =2A = —1043.56CK; — 23956.44CK, (2)
Solving (1) & (2)

K, = 87287 & K, =-—8.7287

i,(t) = —0.0911e 104356t 4 2 0911¢~2395644t A fort >0

v, (t) = —i ()R = 9.11~104356t _ 29 112395644ty for ¢ > 0

Vo(1)=9.11e71043:56t _ 29 1172395644ty fort > 0

c) Plot v,(t) (from part b above) for > - 0.5 msec. [1 point]

Vo(D)[V]

200 F

100 ¥ t [msec]

-05 0.5 1 15 2 25
-100

-200 ¥
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Question 4
For the network given in Figure Q4:
2l A
&2
B
1 Q 2
o—/\/\/\, @ /\ /\/\ ———0
+
o &£
. . =+
I — 12@\/(—) 2 /0° AQ) Vo
I _
> o
Figure Q4

1) Write the mesh-current equations using the three loop currents identified on the figure. [3
points]

KVL at loop “A”:

(1—-j1)Iy— 15 =12,180° (1)
Using the dependent current source equation (loop “B”), we have:
Ig = 21,
and I, = — I from (loop “A”)
~ g = =2l
2+ 1 =0 (2)

From loop “C™:
I.=-220° (3)

The mesh-current equations
(1—j1DIy— 1z =12.180°
ZIA + IB = 0

I, =—2.0°

2) Use the mesh-current analysis to find the phasor voltage V,. [2 points]
KVL at Loop “C”:
VO = Z(IB - C) + 12/00

Solving equations (1) & (2) for Ip,

12v/10
Iy = ——<18.435°A
12v/10 8+/370
) = 2< - <18435° + 2100> +1220° = ——£8973°V

Vo0 =30.77668.973°V
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Question 5
In the circuit shown in Figure Q4, determine the value of the inductance such that the current is in phase
with the source voltage, i.e., they have the same phase angle. [3 points]

4 Q

—AM—

100 uF —— (“D 12sin(1000¢t +165°) V
L

L Y Y Y |

Figure Q4

The voltage source in time domain:
12sin(1000t + 165°) V = 12 cos(1000t + 165° —90°)V = 12 cos(1000t + 75°)V
The voltage source in phasor domain: 12,75°V

It is required to have the current in phase with the voltage source; this means both, the voltage
source and the current, have the same phase angle (759).

Or in other words, jwL —j ﬁ =0
In the given circuit:
w = 1000 rad/sec
C =100 pF

Solving for L
~L=001H=10mH

L=10 mH
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Second order circuits

Rr

in(t)

Standard form:

dx

University of Toronto

dr a0 .
— + Ao + wiz(t) = f(t)

dvo | Rrdve
di? L dt

d%iy, Ry dig,

e T T a "
d%ip, 1 dip

= + ———
dt? RnC dt
d?ve 1 dve
fvec 1 e
di? RyC di

October 30,2014
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1 N Ly
c T LC
1, Lldr
LC" L dt
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LC C dt
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