NAME:___ SOLUTIONS

EEE 202 TEST 1 Sep. 23, 2011
2 Problems, Equal Credit, Closed-book/notes

Problem 1. In the following circuit, the unknown current source provides 1W of power. Find
the value of the source current “Is.”

500Q
Is (A)

’ 1
P=1V, Vi=Rl;=>P=RI=I= |z:5=0045(4)

Problem 2. Develop a set of equations to compute Vy in the following circuit.
Express your answers in matrix form.

2kQ

2k
NN\~ *
A
9V 10mA () 2kQ) Vo
\ 1x10™V,
L ) -

Nodal Analysis
After writing the nodal equations, we obtain the following matrix form

1 0 0

1 1 1 1 A

2k 2k 2k 2k Vz] =0.01],v, = v, = - 4.23
1 11 Vs 0

0 ﬁ —ﬁ—ﬁ'l' le— 4

Loop Analysis
After writing the loop equations (one super-mesh), we obtain the following matrix form

2k 2k 2k A 9
1 -1 0 ] H = [0.01],1/0 = 2kly = - 4.23

0 -1 1-(le-4)klly 0
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EEE 202, TEST 2, 10/07/2011 NAME: _ SOLUTIONS
2 Problems, 30°, Closed Book&Notes, 1 sheet of formulae allowed

Problem 1. The following op-amp amplifier with R; = 1kQ and Ry = 50kQ is used to amplify a
sensor voltage Vs in the range [0-1]JmV. Find the output voltage V, and the maximum current
drawn from the sensor, when Vs = 0.7mV.

Ro PY

- |

Rl -

Vs ’7| Vo
L]

R
Vy = _R_OVS = —(50)(0.7)mV = —35mV
1
(%, —0) 07m _
b= =p— = = 0.7uA

Problem 2. Find the Thevenin equivalent of the following circuit:
1kQ 3kQ

dD/\/\/\/ ’\/\/\/<1> 4
0 B

Approach 1: Apply Nodal analysis to find I, shorting the 2k resistance. This is easier because
the short reduces the number of nodes. There are 2 nodes, V=9V and V,. We have
V,—9 V,
1k 3k
To compute I observe that the current out of the 3k resistor is V,/3k = 1m+lIg, hence, Isc = ImA.
Next, the Thevenin resistance of the circuit is (1k+3K)||2k = (4/3)kQ. Hence, Voc = (4/3)V.

ApproallEg 2: Apply successive source transformations to reduce the circuit starting from thfkléeft:

1k
— | | NN\
- CD -— §1mA CD «—
13k 4k!9 2K
|
A
- C) -— <> §1mA C) -—
A\ 4 A\ 4
!
4k 2k§2 4/3kQ
A

NOINOF Bt




EEE 202: TEST 3 NAME: SOLUTIONS

3 Problems, equal credit, 50, Closed Book&Notes, 1 sheet of formulae allowed

Problem 1.
1. A circuit voltage is described by 3%4‘ 2v = 4sin(t); v(0)=1. Find its time constant.

T—3—15
—E— . (S)

Problem 2. In the following circuit, find the voltage V, for t > 0.

10 kQ Vo

ny 20kQ “-— 04mF 30 kQ

\ 4

—
1
o

Vo is a continuous variable.

1.t <0, From voltage division: Vo(0) =
2.1>0,Vo(0) =0(V)

3.t>0, Rry = 20k||30k = 12k(Q) :> T = RryC = 0.4m X 12k = 4.8(s)

4.t>0,Vo(t) = FV + (IC — FV)e i = 0.55¢" 25 (V)

20k|[30k o= 12k
10k+(20k||30k) 10k+12k

_ 6 _
1==2=0550)

Problem 3. In the following circuit, find the current I, for t > 0.

10 kO 10 kQ
1 mA
>§ ]
lo
t=0

lo is a possibly discontinuous variable.

1.t <0, Perform a source transformation of the voltage source (Is =0.1mV, Rs 10k||20k = 6.7k).
Then, at steady-state, the inductor current is the sum of the two current sources I, (0) =
0.1m + 1m = 1.1m(4)

2.1> 0, Replace inductor with a current source to find IC for lo: 3 loops with currents 11, 12, 13
(clock-wise, left-to-right), and loop equations I1 — I12 = 1.1m, I3 = —1m, 6.7kI1 +
30k(12 — 13) = 0, from which, [0(0) = —I2 = ==m = 1.02m(A).

3.1> 0, Replace inductor with a short: Io(oo) = 1m(A) (i.e., all the current from the source).

4.1>0, Ry = 20k||30k = 12k(Q) =T = ETH = g,u(s)

5.t>0, lo(t) = 1m + 20u e~ 3Mt(A) (where, M = 16).



EEE 202, TEST 4 NAME: SOLUTIONS

Closed-book/notes, 3 problems, equal credit, 1 sheet of formulae allowed

For the following circuit:

aVAVAY +

10m H 100

1 cos(100t) V ——ImF 1kQ

Problem 1: Find the steady-state voltage at the 2861000 Ohm resistor (\Vout).

At 100rad/s: 10mH => j, 1mF => -10j, 1mF||1k => 0.1-10j

Voltage division: V,,,; = 120 —2% = 0,50 — 0.55j = 0.742 — 48°
j+10+0.1-10;

Problem 2: Find the average power dissipated by the 661000 Ohm resistor.

Current: I = V‘l’;‘t = 0.74mzs — 48°

Power: Py, = 228l ¢, — 6,) = 20.74%m = 0.27m(W)

Problem 3. In the following circuit, Is(t) = 0.001cos(100t) (A), Vs(t) = 2cos(100t+30°) (V).

Write a set of equations to compute the voltage Vo,. EXxpress in a matrix form.

—A\N\/\, YYY L o
1mH 1kO ImH |
VS — —_—1mF
1k I 4
. °

s =0.001£0,V, =2./30°,Z, = j(100)(0.001) = j0.1, Z, = — j10K, R, = — j10

Loop analysis:
~2/30+1,j0.1+ (1, — 1,)(~ j10k) = 0

I, -1,=0.001£0 or
(1, = 1,)(~ j10K) + 1,(1k) + 1,(jO.1— j10) =0
Vou = 4(~]10)
-j(10k —0.1)  j10k ] I_Ze 1 -1.73 —j1.00]
0 1 = 0.001
j10k 1k — j10k —19 9 0

Computing in MATLAB, V,,, =(-10.2+ j27.2)m = 29.1m£110.7° (V)

VOUt



EEE 202, TEST5 NAME: SOLUTIONS

Closed-book/notes, 2 problems, equal credit, 1 sheet of formulae allowed

Problem 1: For the following circuit

10m H 10

Vip=1 COS((Dt) (V) —___ImF 1kQ Vout

Find:

(sc+R—12)_1 1 1

. V,
The transfer function 2 = T = == AV
(sL+R1)(sC+R—12) +1 S LC+S(R16+E)+1+E

Vin sL+R1+(sC+R—12)

1/LC _ 1/10p _ 100,000 _ 100,000
2 E SRS E - 2 1 .1 4 1 ( 1 T s2 T s2 2
s +S( L +R2C)+LC(1+R2) s +S(10m ) 1k1m) ' 10m1m\1+1k) s+s(101)+100,100  s*+5101+(3164)

e The resonant frequency w, = 316.4(rad/s)

. . 101
e The damping ratio (= Dot 0.16
e The quality factor Q= % =3.13

Problem 2: Sketch the Bode plot (magnitude and phase) for the transfer function

H _ s+10
)= GT D6 +100)

| | : Corner Frequencies
20~ mm e mmmemo - Hmmmm oo 4= Zeros: 10
E E E Poles: 1, 100
|H(w)| ! ! ! DC-gain: 1/10=-20dB
(dB) 0 ' ' '
-20
90
<H(jw) 0
(deg.)
-90
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5.20 Use superposition to find V,, in the network in Fig. P5.20.

Figure P5.20

5.33 Use Thévenin’s theorem to find 7, in the circuit using
Fig. P5.33.

12VC? 20 l 6 mA

4 ki) 4 k0
—V\W— . AN
1,
vAWA
2 k0

Figure P5.33

5.52 Use Norton's theorem 1o find /7, in the circuit in
Fig. P5.52. —) o

Figure Ps.52
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6.27 The voltage across a 2-H inductor is given by the wave-
form shown in Fig. P6.27. Find the waveform for the

current in the inductor.

v(0) (V)|

5

L ESSEEET oo

Figure P6.27
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6.47 Calculate the energy stored in both the inductor ané&
capacitor shown in Fig. P6.47.

10 03
AN

7k 150 150
25V _)
05H

T 0.005 F

x Figure P6.47
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y voltage source drives the network  32.44 In the network in Fig. P12,44, the inductor val
rmine the resonant frequency, 0, 10 mH, and the circuit is driven by a variabl
: power dissipated by the network frequency source. If the magnitude of the ci
3 ‘ resonance is 12 A, wy; = 1000 rad/s, and
find C, @, and the bandwidth of the circut,

12,30 Determine H(jw) from the magnitude chara
‘the Bode plot shown in Fig. P12.30. *'. ‘
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146 Use Laplace transtorms and nodal analysis to find i,()
~ fort > 0in the network shown in Fig. P14.6. Assume
zero initial conditions.

; 1e
20 i(0) 2
!
12u(f) V E 1H (;) 6u(r)v

- Figure P14.6

L 14,7 Use Laplace transforms to find u(t) for,t*?qO.‘ in the
" network shown in Fig. P14.7. Assume zero initial design a filter that has H, = 100 and f, = Sk
' | R, = Ry = 1k, and let R, = Ryand G,

| M e G
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