Additional Practice Problems for EE221 Final Exam

1. The input to the circuit is the voltage of the voltage source, v; (t) The output is the voltage

Vo(t). The step response is v, (t) = 6e*tsin (5t)u(t).
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Determine the values of the gain, A, of the VCVS, the resistance, R, and the inductance, L.

A= 3.75 VIV, R= 16 Qand L= 2 H.

Equating the transfer function of the circuit to Laplace transform of the given step response
yields:

AR
> _ 6(5)s _ 30s
32+BS+L (s+4)2+25 s +8s+41
L LC
Equating coefficients:
1 1

=41 = L=2H,

LC  L(00122)

%=§:8 = R=16Q and %:%:30 = A=375VIV

2. The input to this circuit is the voltage source 10 kQ R
voltage, v; (t) . The output is the voltage, T VW VW

V, (). The transfer function of this circuit is o > L
Vo () |

(s Vols) L 15x10°
V,(s)  (s+2000)(s+5000) G v -l- ¢
L
R=_ 5 ko, L=_ 1 Hand C=_ 05_ yF.

Determine the values of R, L and C:

or
R= 5 kO, L=_25 Hand C=__02__uF.



The transfer function can also be calculated form the circuit itself. The circuit can be represented
in the frequency domain as
10 kQ R

i

We can save ourselves some work be noticing that the 10000 ohm resistor, the resistor labeled R
and the op amp comprise a non-inverting amplifier. Thus

V, (s)= [1+ﬁ]vc(s>

Now, writing node equations,

Ls 5000

VC(S]_)OBXi (S>+CSVC(S>:0 and VO(S>—Va(S)+VO(S>

Solving these node equations gives

1 [1+ R ]5000
1000C [~ 10000) L
H(s)=

_[S+ 1 ][s+5OOOJ
1000C L

Comparing these two equations for the transfer function gives

]:(s+2000) or [s+ J:(s+5000)
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The solution isn’t unique, but there are only two possibilities. One of these possibilities is
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The other is
S+ =(s4+5000) = C=0.2uF
[ 1000(:] ( ) K
s+—50|_00]:(s+2000) = L=25H
1 [1+ R ]5000:15><1o6 — R=5kQ
1000(0.2><106) 10000/ 2.5
12 o
. The step response of this circuit is:

3. The transfer function of a circuitis H (s)=—
$°+8s+16
step response =[b—e " (c+dt)]u(t). Determine the values of the constant coefficients a, b, c

and d:
a= 4 1/s, b=_ 075 _V, c=_ 075 V and d=__ 3 V.
The Laplace transform of the step response is:
H(s): 12 12 :Z+ -3 N k
s s(s°+8s+16) s(s+4) s (s+4) s+4
2

The constant k is evaluated by multiplying both sides of the last equation by s(s +4)
12— 3(s 447 35 1ks(s+4) = [%+k]52 L (34+4K)s+12 = k——2

The step response is
H(s
et ) =[§—e“t {3t+§]]u(t) Y
S 4
4. The transfer function of a circuit is H ( ) = 280—3 The step response of this circuit is
s°+8s+25

step response = be *sin(ct) |u(t). Determine the values of the constant coefficients a, b, ¢

and d:
4 1ls, b=__ 2667 V, and c=__ 3 V.

a=__



The step response is given by

4| H(s) ) 80s § 80 1| 80 3
Vo(t)y=L —2|=£" =LY 55— |= L o ———
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5. The input to a linear circuit is the voltage, v;. The output
JIm|s]

is the voltage, v, . The transfer function of the circuit is +
V, (s
H () =el?) T
Vi(s) .
e » Rels]
The poles and zeros of H (s) are shown on this pole-zero = 2 |
diagram. (There are no zeros.) The dc gain of the circuit is
H(0)=5 1

The step response of the circuit is v, (t) = (a+ be —ce? )u (t) V. Determine the values of
the constants a, b and c.

a= 5 V, b=_ 103 V and c=__ 253 V.

The transfer function of the circuit is

"))

where a is a constant to be determined. The circuit is stable because all its poles lie in the right
half of the s-plane. Consequently,

a

H(@)=H (6, = (2+] w;(5+ jo) (1+ j‘;ﬁfu Jgj

At dc (= 0) 5:H(O):% = a=50
The step response is given by
10 25
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6. The input to a circuit is the voltage source voltage, v,. The
step response of the circuit is

Determine the value of the inductance, L, and of the resistance, R
R=_ 15 Q and L=__ 02 H.

H(s
From the step response: (s) = L’F(l— efloo‘)u (t)} ___
S 4 s(s+100)
R
.. H(s T
From the circuit H(s):L N ()z L
R+5+1Ls S ( R+5j
s|s+——
L
Comparing gives
R
I:75 R=150Q
R+5 ~ L=02H
C =100 e

7. The input to a circuit is the voltage source voltage, v;. The step response of the circuit is
Vo (t)=5(1-(1+2t)e* u(t) V
When the input is v;(t)=5cos(2t+45°) V
the steady-state response is v;(t)=Acos(2t+6) V
Determine the values of A and 6.
A= 125 V andf=__ -45 °.
The transfer function of this circuit is given by

"= slle-set w3 Ty < Oy

This transfer function is stable so we can determine the network function as

20 | 20
(2+ja))2

H(@)=H(s)

The phasor of the output is

s=io (s+2)2 _

jo



V,(0)=—22 _(5285°)=— 2 (5,45°)=125/-45° v

(2+j2) (22245°)
The steady-state response is
V, (t)=12.5c0s(2t-45°) V

8. The input to a circuit is the voltage vi(t). The output is C
the voltage v (t).

When the input is: NI vV

V; (t)=2+4cos (100t) +5co0s(200t +45°) V -

+ +
the corresponding output is: —_ Vi(t)

V, (t)=-5+7.071cos (100t +135°) +c, cos(200t +6,) V

Determine the value of R, C, ¢,, and 0,:

R=_ 25 kQ, C=__04__uF, ca=_559 _V and 0,=_1616_°

The network function of the circuit is

R R
V. i 1n4
H(o)= o(a)):_1+ja)4RC:_ 10
V(@) 10 1+ joRC
At dc: _—5:—14 = R=25kQ
2 10
2.5 _ 7.071/135°

At © = 100 rad/s

1+ (100)(25x10°)C  4./0°

B tan(45°)
180 - tan*((100)(25x10°)C) =135° = C-= = 0.4 F
an*((100)(25-10°)C) ~ T 00y @5x10%)

Finally, at ® = 200 rad/s

25 -2 _1118/1166°

1+ (200)(25x10°)(0.4x10°) 1+ ]2

S0 ¢, =(1.118)(5)=5.59 and 6, =45°+116.6°=161.6°



9. The transfer function of a circuit is H (s) = ﬂ. When the input to this circuit is sinusoidal,

S+38
the output is also sinusoidal. Let @, be the frequency at which the output sinusoid is twice as
large as the input sinusoid and let @, be the frequency at which output sinusoid is delayed by
one tenth period with respect to the input sinusoid. Determine the values of w1 and w».

w1 = 6 rad/s and w,=__ 5.8123  rad/s

20
scio 8ijm

20
J8% +
When the frequency is w», the period is 2z . Also a delay t, corresponds to a phase shift —@ t,.
W,

The circuit is stable so H(w)=H (s)‘

20

2
The gain is 2 at the frequency w; s0 2= and o, = (7j 8% =6 radls.

. 2 P _1| @2
In this case, t, = 0.1[—] so the phase shift is -0.2 &. Then 0.2z = —tan [?J so

W,

w, =8tan(0.27)=5.8123 rad/s .



	 
	 

