ES 250 Practice Final Exam
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1. Given that g0 o iy AN
v,=8V, - 20 O

Determine the values of R, and v, : 40 400 R, 30Q §
R=__10 O () A

T O "4

and 10 V .
v,=_ 32V va =207,
First, vV, =~ 20 §=-32V
20+30
Next,
i—i 40 - 40 10 40 10 3 400 400
20 ° 40+R, ¢ 40+R,|12+40| R, | 40+R, 40R, 12(40+R )+40R 480+52R,
12+ ! !
40+R,
400(20 —
Then 840 48O+52R1=—()=1000 _, 1000=480_,4 ¢
20 480+52R, 8 52
2. Given that 0 <R < oo in this circuit, consider I, 24 O IR
these two observations: —> AN _ >
When R=2 Q then vy =4 Vand iy =2 A. ¥
v Bi 6Q Vv g R
When R=6Q then vy =6 Vand iy =1 A. () ° e i
Fill in the blanks in the following statements: d ¢ O
a. The maximum value of iy is 4 A.
b. The maximum value of v is 8 V.
c. The maximum value of pp =izVy occurs when R = 2 Q.
d. The maximum value of pp =iyVy is 8 W.

We can replace the part of the circuit to the left of the terminals by its Thevenin equivalent circuit:

ocC

Using voltage division vV, = Vv, and using Ohm’s law i, =

t R+R,
R, R
t —_— . . R Voc . .
ANN—o0 By inspection , Vv, = Voo = will be maximum when R = . The
+ R+ Rt 1+ &

(D Voc VR R R

\"
maximum value of v, will be v, . Similarly, i, = = OCR will be
+




VOC

maximum when R = 0. The maximum value of i, will be

=l
t

The maximum power transfer theorem tells use that p, =i,V will be maximum when R =R, . Then

_IV _ VOC R V _R VOC ’
Pr=lr¥z = R+R, |R+R, *| |R+R, ]’

Let’s substitute the given data into the equation i, =

VOC

R+R,

\' \'
WhenR=2Qweget 2=—>— = 4+2R =V, .WhenR=6Qwegetl=—>"— = 6+R, =Vv_.
2+R 6+R

t t

Vv
So 6+R, =4+2R, = R, =2Qandv, =4+2R =8V .Also i = F:C :2:4A.

t

Now the blanks can be easily filled-in.

i ve, V

The input to this circuit is the voltage, vs. The output is the voltage v,. The voltage v is used to adjust the
relationship between the input and output. Determine values of R 4 and v, that cause the circuit input and output
have the relationship specified by the graph

Vo= 162 Vand Ry=_ 625  kQ.

Recognize the voltage divider, voltage follower and noninverting amplifier to write

20x10° R, R, 2R, R,
v, = 3 Tl - 7 |Vt 1+ 7 |Vy =| — T Vet 1+ T |V
20x10° +5x10 30x10 3010 75%10 30x10

(Alternately, this equation can be obtained by writing two node equations: one at the noninverting node of the
left op amp and the other at the inverting node of the right op amp.)

The equation of the straight line is v, = —%VS +5
Comparing coefficients gives
2R 3
N 0 R 20X sk0t =625k
75%10 3 3

and



R 3
S=|l+——|v, = 1+& v, =3.08333v, = v, = >__1e2V
30x10 30x10 3.08333

4. Consider this inductor. The current and voltage are given by

+ Lo
5t-46 0<t<02 125 0<t<02
. v (1) L=2.5H
i(t)=1 at+b 0.2<t<0.5 and v(t)=425 02<t<05
c t>0.5 0 t>0.5 -

where a, b and c are real constants. (The current is given in Amps, the voltage in Volts and the time in seconds.)
Determine the values of the constants:

a=__ 10 _A/s, b= 56 Aandc=__ —0.6 A
Att=02s

i(O.Z) = 5(0.2)—4.6 =-36A
For 0.2<t<0.5

. It t
|(t)=§ ,,2507-3.6=107| ,~3.6=10(t-0.2)-3.6=10t-5.6 A
Att=035s
i(0.5)=10(0.5)-5.6=-0.6 A
For t>0.5
i(t)=—[' 0dz-0.6=-0.6
2.5705
Checks:
Att=02s i(02)=10(02)-5.6=-3.6 A V
For 0.2<t<0.5 v(t):2.5%i(t):2.5%(10'{—5.6):2.5(10):25V Vv

~0.6-(-3.6)=i(0.5)-i(0.2) =2i5j£'2525df ~10(0.5-02)=3A



5. This circuit is at steady state when the switch opens at time t=0.

30 kQ l eom
sv(®) soka V(f)—[suF s6v ()

The capacitor voltage is v(t) = A+Be ™ for t>0. Determine the values of the constants A, B, and a:

A= 4 V, B= 8 V and a= 10 S.

Solution:
Before t = 0, with the switch closed and the circuit at the steady state, the capacitor acts like an open circuit so
we have

30 kQ 60 kQ
-}
6V @) 60kQS 0o 36V

Using superposition

v(0-)= 001160 o _ 60130 36:(lj6+(1j36=12v
30+(60(60) 60 +(60]130) 2 4

The capacitor voltage is continuous so v(0+)=v(0—)=12 V.

After t = 0 the switch is open. Determine the Thevenin equivalent circuit for the part of the circuit connected to
the capacitor:

30 kQ

N0 v, =20 -4y

“ 60430
6V C_r) 60 kQ

R, =30]/60 =20 kQ

—O

The time constantis 7 =R,C =(20x103)(5x10_6)=0.1 S SO l=10 l
T S

The capacitor voltage is given by

V(t)=(v(0+)-v, )e " +v, =(12-4)e"" +4=4+8e7" V for t20



6. This circuit is at steady state before the switch closes at time
t = 0. After the switch closes, the inductor current is given by

i(t)=0.6-02e>" A for t>0

Determine the values of R,, R,and L:

and

Solution:
The steady state current before the switch closes is equal to

i(0)=0.6-02e"" =04 A. R,
The inductor will act like a short circuit when this circuit is at n
steady state so <_ 12V

0.4=i(0)= 2_ R,+R,=30Q
R, +R,

After the switch has been open for a long time, the circuit will
again be at steady state. The steady state inductor current will
be R,

i(0)=0.6-02e""=0.6 A AN
The inductor will act like a short circuit when this circuit is at Cﬁ 12V

steady state so

0.6:i(oo):lR—2 = R =200
1

Then R,=10 Q.

l i(0)

After the switch is closed, the Thevenin resistance of the part of the circuit connected to the inductor is R, =R, .

Then

5:—:
T

R, R
LA D20 4
L L L
7. The voltage and current for this circuit are given by
V(t) =20 cos (20t + 15°) V. and i(t) = 1.49 cos (20t + 63°) A

Determine the values of the resistance, R, and capacitance, C:

R= 9 Qand C=__ 5 mF.




Solution:
In the frequency domain we have:

1 vV  20/15° 20

R-j—=Z=—= = Z£(15°-63°)=13.42/-48°=8.98—j9.97 O
20C I 1.49263° 1.49
Equating real and imaginary parts givesR=9 Q and C = — =5 mF.
20%9.97
8.
R, ir(1) i»(1)
—AM— A —|
R, C

w0 () 1002 ) vl

This circuit is at steady state. The voltage source voltages are given by

Vi(t) =12 cos (2t—90°) V and V,(t) =5 cos (2t +90°) V

The currents are given by

I1(t) =744 cos (2t — 118°) mA , ix(t) = 540.5 cos (2t + 100°) mA and i(t) = A cos (2t —164°) mA
Determine the values of A, R, R,, L and C:
A= _460 mA, R =_10 OQ R,= 10 QL=_6 HandC=_ 50 mF.

Solution:
Represent the circuit in the frequency domain using impedances and phasors:

il
oC
|1
11

I=1,+1,=0.744/~118°+0.54052100 = (—0.349 — j 0.657) +(~0.094 + j0.532)

= (~0.349-0.094) + j(~0.657 +0.532)
= —0.443— } 0.125
= 0.460/ —164°

i(t) =460 cos (2t —164°) mA

Replacing series impedances by equivalent impedances gives



From KVL

and

Next

and

Z, L L Z,
— D |
| L Z, =R +jol
Vi 10Q V() C) and
ll(m) zzsz_jL
oC

V, =101 122-90°-10(0.460£ —164°)
, 0.744./—118°
 —j12-10(-0.443- j0.125)
- 0.744/ —118°
 4.43-j10.75 11.63/—-67.6°

T 0.7442-118°  0.744/-118°
=15.63.£50.4°

=10+j12Q

Z,1,+101-V,=0 = Z =

V, =101 5/90°-10(0.460£ —164°)
l, 0.5405.£100°
j5-10(-0.443-j0.125)
B 0.5405.2100°
4434625  7.66/54.7°

0.54052100°  0.5405./100°
—14.14/ —55.3°

=10-j10 Q

~Z,1,+V,-101=0 = Z,=

10+j12=R,+joL=R,+j2L = R,=10Q and L=%=6H

10—j10=R2—jL=R2—jL = R,=10Q and C:;zo.OSF
o C 2C

2(10)



9. The input this circuit is the current 1/10F

Il
i (t)=2cos(5t+15°) A. I
In the frequency domain, this circuit is represented by the QD i(t) 80 40
node equation
d+jo.5 -jo.s |[V.| [2415° T
—j0.5  025+jel|V,| | o

1/20 H

where V, and V, are the phasor node voltages and d and e are real numbers. Determine the values of d and e.

d=_ 0125 Q and e=___ -35 Q

Solution: Represent the circuit in the frequency domain using impedances and phasors:

a —J2Q p

2 [15° A CD 8 Q 40 j0.25 Q

X
Apply KCL at node a to get

V, V
2415° ==+ : 2b=(0.125+j0.5)Va—(j0.5)Vb

-

Apply KCL at node b to get

V,-V, V, V, _ _
=0 = j0.5(V, -V, )=(025-j4)V
—j2 4 +j0.25 J ( : ") ( IV,

= 0=-j0.5V, +(0.25- j3.5)Vb

Organize these equations into matrix form to get
0.125+j0.5 —-j0.5 Va | [2415°
-jo.5 025-j3.5(|V,| | ©

Compare this equation to the given node equation to see thatd =0.125 Q and e = -3.5 Q.



