1 value:
y 10.00 points

In the circuit given below, R=30Q, V=30V, and L=1/6 H.

w210Q (N)2umA - I

Calculate i; (0%), vc(0™), and vr(0™).
The value of j; (0%) is 0+0 A.
The value of vg(0%) is -30 V.

The value of vg(0¥) is 00 V.



Explanation:

Att=0", u(t) = 0.

Consider the circuit shown in Fig. (a).
ii(07)=0Vandvg(0") = OV
But, -vg(07) +vg(07)+15 =0 — vg(0)=-15VW.
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At t = 0%, the inductor current and capacitor voltage cannot change abruptly.
Hence, the inductor current must still be equal to 0 A and the capacitor has a voltage equal to —15 V.

Since the capacitor is in series with the +15 V source, together they represent a direct short at t = 0*. This means that the entire 2 A from the
current source flows through the capacitor and not the resistor. Therefore, vg(0*) =0 V.

The value of i (0%) is 0 A.
The value of vg(0¥) is =15 V.
The value of vg(0¥)is 0 V.
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In the circuit given below, =4 Qand R, =7 Q.
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R, 0.25H
A T
-
i
0.1F >

| = +

§R2 (¥) 4ut A

Find dv(0*)/dt and di(0*)/dt.

The value of av(0*)/dt is

The value of di(0*)/dt is

40.00 + 3% VIs.

-16.00 £ 3% Als.



Explanation:

dinOt‘) - lC(?:)

ic=Cc%

For t =0, 4u(t) = 4 and 4u(—t) = 0. The equivalent circuit is shown in Fig.(b).

R, 0.25H
MWW —— T — .
i VL lC ’R

4V<j> 0.1F /= §R2 CD 4A

(b)

Since i and v cannot change abruptly,

t — ¥ o— 2595V
g =% = Z0% — 0364

i(0%) +4 =ig(0*)+ir(0*) — 0.36+4 = i(0*) +0.36, which leads to ic(0*) = 4.00 A

dvfo
—”i.t—) = 4048 — 42000 V/s

. afo " vrf0”
Similarly, ¥ = L% y l(dt) = (L )

Vi= —Vc—4ip=-400 V
ago”
—(d,—) = 8y = -16.00 Afs

The value of dv(0*)/dt is 40.00 V/s.
The value of di(0*)/dt is -16.00 Als.
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Consider the circuit given below.
Determine vr(0*) and v, (0¥).

R, R
—VWv MW The value of vg(0*) is 0 V.
-+ VR - +
Vu(t) (i’) C == VL % L The value of v;(0%) is 0 V.

Explanation:

Let i = the inductor current. Fort<0, u(f) =0 so that
i(0) =0 and v(0) = 0.

Fort>0, u(t)=1. Since v(0") =v(07) =0 and i(0%) = i(07) =0,
vr(0*) = R{0*) =0 V.

Also, since v(0*) =vr(0") +v,(0*) — 0= 0+ v (0" orv, (0")=0V -(1)

The value of vg(0") is 0 V.
The value of v;(0%) is 0 V.
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* 10.00 points
Consider the circuit given below.

RS
—AMW

V.u(f) Cj) C =— v

Find dvg(0")/dtand dv;(0*)/dt

O w0’ drl0”) oy,
—Sr L =0Vis,—3r+ = ¥
O wl’) _ vy, 4v0’) v,
—dr = Hs;  4df = TH,
= dvgf0” dvg{0”
O TVR(t ) =0 st; _a‘_yL(t ) = ?;‘R_VSS

dvg(0” dvgf0™
O_w:zgt_)Z Ve "’L(t ) = 0 V/s



Explanation:

Since Y0") = vg(0Y) + v (0) — 0= 0+ v (0" orv(0h=0V (1)

Since {0%) =0, I.C(OjL) -~ F

. 4d
But, ¢ = Car : —aF = THs _®
From Eq.(1),
dv(O v ) dVR(O ' ) de(O ' )
ac = dt + de (3
P .

v =R — gt= @)

. afo” afo”

d _ 4 )

B,V = L& wu(0)=0=I— o —F==0 )

From Eq.(4) and Eq.(5),
dvR(O ¥ )
—FF = 0 Vis

From Eq.(2) and Eq.(3),

duL(O ) _ du(O )

.
o~
The values of dvg(0™)/dtand dv;(0%)/dt are

dUR(O ) = 0V/s
—dr

de(O')
— df — TH.
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10.00 points

Consider the circuit given below. Find vg(od) and v;(od).

R R
_AMS‘/\I_H/\N\Ii O vrioar = 0 v, vL(o0) = (R—fT,)Vs
+oop -
.
Viu(r) (j) C == v % L O vr() = (E)VS; vI(o0) = 0V
> O vr() = (gi5 fR,)V‘; S, = OV

O vR(00) = 0 V. vi(00) = (%’-)Vs

Explanation:
As t approaches infinity, the capacitor acts like an open circuit, while the inductor acts like a short circuit.
The values of vg(po) and v (o) are

vg(00) = (ﬁ)Vs

v (00) oV
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10.00 points

The current in an RLC circuit is described by

4i 4+ 104 + 251=0

If i(0) = 10 A and di(0)/dt = 0, then for t > 0, i(f) = (A + Bt)eSt A,
where A= 10x2% ,B= 50+2% ,ands= -5+2%.

Explanation:

The characteristic equation of the given differential equation can be written as s +10s + 25 = 0.

—10 -+ 100 — (4 x 1x 25
51,2 = / 7 ( L = 5

Here, s has repeated roots.

i(f) = (A + Bt)e™>t

i(0)=12A -  A=12

& = (B + (—5(A + Bye™™)

40 —0=B-54A » B= (5x12) = 60

Therefore, i(t) = (12 + 60 t)e ! A.

The equation of current is i(t) = (12 + 60 t)e > A.
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In the circuit given below, R=10 Q. The switch in the circuit moves from position A to position B at t= 0 (please note that the switch must connect to
point B before it breaks the connection at A, a make-before-break switch). Let 0) = 0. Find (1) for ¢> O.

00 A
MO 4H
LN

BY

80V <f> 025F = :(f) g .

Oyt =—(5.333)e 0501 1 (15 333)e~200)ty
= O p=(5.333)e050! + (.5.333)e 200ty
O v =-(5333)e 050 _ (.5 333)e~200)ty

O up=(5333)e050 _ (.5333)e ~200)ty



Explanation:

When the switch is in position A,
o B0V _
U0)=0and 2 = s — 1604

When the switch is in position B, we have a source-free series RCL circuit.

a=4& = 2% = 250

woz;:—l =1
Vic V+F x 4H

Since @ > Wy, we have an overdamped case.

s12 = —a+ya? — Wi = —250 +y250% — 1 = -021, -4.79

W = AB-O.th o Be-4.'(3t (1)

Y0)=0=A+B (2)

ic0) = 2 — 160 «» U — 180 _ 640
‘RN

But —7 = (-0.21)Ag"%21% ¢ (-4,79) B4 ™t

du) _
—5 = (02D A+ (-479)E = 6.40 3)

Solving Eq.(2) and Eq.(3), A=1.397 and B=-1.397.

Therefore, U = (1.397)e0-21 + (-11.397)e4 73t v

The velocity equation is Uf) = (1.397)e—0-21t + (-1.397)e—479t v,
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In the circuit given below, R = 20 Q and the switch moves (a make-before-break switch) from position A to B at t = 0. Find v(f) for all £ =2 0.

sa () ‘o § §R 0.04F ==, (1

The voltage equation is v(t) = AeS1 + BeS2!,

where A= 20.328+3% ,B = -0.328+3% ,81 = -1.270+ 3% ,and s2 =  -78.730+ 3% .



Explanation:

i(0)=lp=0,v(0)=Vo=4Qx5A=20V

d(g) — —%(Rfo + Vo) = —4(0 + 20) = —80

. — 1 — 1 —
Wo = —A= = = 10
VLC 3 o

— H 10 — _
a = =—=3=20>w
-21’- 2)(3' ¢

s= —atya? — Wi = 204202 — 102 = —2679, —37.321

Ky = Ale—z.b'(&lt o A28—3'(.321£

i(0)=0=Aq+A> — Ao = -Aq
28— 267941 — 37.3214; = —80

This leads to A1 = -2.309 and A = 2.309.

i(fH = 2.309(_3—2.61'3: + e—s‘r.szu)

£,
Since UH = [ i) dt e get

U(t) = 21.5476-2679 _ 1 547¢-37.321t

The voltage equation is v(f) = 21.547¢2-679t _ 1 547¢-37.321
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Assuming R = 12 kQ, design a parallel RLC circuit that has the characteristic equation s2 + 100s + 108 = 0.

The valueof Lis 120+ 2% H.

The valueof Cis 8.333+ 2% nF.

Explanation:

Comparing the characteristic equation with the following equation:

“+ %5+ fo=0

we obtain
£ =100 . L=y = 18990 — 160 H
10 = 10° . C= b= Y = 6250 nF

The value of L is 160 H.
The value of C is 6.250 nF.



1 O :?)“i)eo points

A branch voltage in an RLC circuit is described by
4y 4+ 4% + 8v =24

If the initial conditions are 0) = 8 = d0)/dt, find W1).

>0 UD = (3 + (5cos (24 + 9.0sin(28)e~2) volts
O =3+ (cos (20 + sin(28)e=2} volts
O up = (Bcos (24 + sin(28)e=2Y volts

O up=(3+(5cos (24 — 9.0sin(28)e=2 volts



Explanation:

s2 + 45+ 8 =0, which leads to

D) = Vi + (A cos(2f) + As sin(2f)e2!
8V =24 means that V=3

U0)=9=3+ Ajleadsto A1=6

4y = _2(A1cos(28) + Asin(28) 64+ —2(A1c08(20) + Apsin(21)) g4

Therefore, Uf) = (3 + (6¢cos (21 + 10.5sin(2 t))e‘zt) volts.

The voltage equation is Uf = (3 + (6cos (21 + 10.5sin(2)e™2} volts.



1.

value:
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A series RLC circuit is described by

L4t + RE + £ =10

Find the response when L=0.5H, R=4Q,and C=0.2 F. Let i(0) = 1, di(0)/dt = 0.

The current equation is i(f) = E + [AeS1 + BeS2] A,

where A= -1.31656,B= 0.3165+2% ,s1 =

-1.5505 + 2% , s2 =

-6.4500 + 2% ,and E =



Explanation:

The characteristic equation is

I + RBs + + =10 v 38 45 gy =0 » §4 4+ 8 4+ 10 =0

S0 = —SEWM=40 5505, — 645

i(f) = i + Ae~1:5505 4 pe6.45t

But [is/ C] = 10 or is= 0.2 x 10 = 2

i(f) = 2 + Ae~15505t 4 pg-6.45t

(0)=0=2+A+B  — A=-2-B )

2 = —1.5505451:5505¢ _ g, 45pe—045¢

%‘;_J:z: —1.5505 4 — 6.45E N )

Solving Eq.(1) and Eq.(2), —1.5505 (-2 — B) — 6.458 = 2 —  B=0.2247 and A=-2.2247

Therefore, i(t) = 2 + (-2.2247)e 545t + (0.2247)e~1-5505t A
The current equation is i(f) = 2 + (-2.2247)e5-45 + (0.2247)e~1-5505 A



12 ] value:
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Solve the following differential equation subject to the specified initial conditions.

Given that the initial conditions are i(0) = -2 and di(0)/dt = 2.

The current equation is i(f) = (E — AeS1t + BeS2i) A,
where A= 4.667+2% ,B=  0.667 +0.000% ,s1=

Explanation:
s? + 5s + 4 = 0, which leads to s1 5 = -1, —4

i(f) = Is + Ae~t + Be™4t

4Is=8 - Is=2

i(0)=-1=2+A+8B —- A=-3-B -~(1)
&= —Aet— 4B

410)

From Eq.(1) and Eq.(2),2=—-(-3-B)-4B —

A=-3-0.333=-3.333

Therefore, i(t) = (2 — 3.333¢™! + 0.333e74!) A.
The current equation is i(f) = (2 — 3.333e~ + 0.333e74)) A.

-1.000 £ 2% , s2 =

B=0.333

-4.000+ 2% ,and E =

2.000 = 2% .



13, oo

Solve the following differential equation subject to the specified initial conditions.

4
2 v=3

Given that the initial conditions are v(0) = 4 and dv(0)/dt = 1.
The voltage equation is v(f) = [D + (A + Bf)eS31] v,

where A= 1+2% ,B= 2+2%,s3= -1,and D = 3.

Explanation:

s? +2s + 1 =0, which leads to s1 5 = -1, -1
V(it) = Vs + (A+Bf)jetand V=3

V0)=5=3+A — A=2

2 =1=—A+ B B=3

Therefore, v(t) = (3 + (2 + 3t)e ) V.

The voltage equation is v(t) = (3 + (2 + 3t)ef) V.



14 ° \1'3‘390 points

In the circuit given below, / = 15[1 — u(f)] A. Calculate i(t) for t > 0.

I
o)

:
i
10 Q

50

L L

10 Q
AMA——

The current equation is i(t) = [AeS1 + BeS2{] A,

where A = 7.5+2% ,B= 7.5+2% ,81= -0.903 + 2% , and s2 =

-4.431+2% .



Explanation:

At t = 07, the equivalent circuit is as shown below.

I
-
4

+ o

10 Q

5Q

10 Q
NWV

i(0) = 20 A

1(0) = (20 8) (%) = 84

v(0) = 5i1(0) = 40V

For t > 0, we have a source-free series RLC circuit.
R=5| 20 =4 ohms

Wo= A== 1 = 2 rad/s
LC J(Sf‘l) Hx (1/3) F

a=F = A8y = 8/3 = 2.6667

s12 = —atya? — Wl = —2.6667 + 1.76834 = —0.90283, —4.4305
i(f) = [Ae"0-903t 4 pg4.4314 A

i(0)=20=A+B —~ B=20-A -~(1)

A — 1 (=Ri(0) + 1(0)) = $(—4 %20+ 40) = -53.3333

Hence, -53.3333 = —0.90283A — 4.43058 ~(2)

From Eq.(1) and Eq.(2),

-53.3333 = —18.0566 +0.902838 —4.43058 —~ B=10andA=10

Therefore, i(t) = [10e70-903¢ + 10e~4-431f A,

The current equation is i(f) = [10e70-9031 + 10g—4-431f) A



15.
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The step response of a parallel RLC circuit is

v = 10 + 20873 (cos(4008 — 2 sin(400H) V, t > 0O

when the inductor is 10 mH. Find R and C.

The value of Cis  400.00 + 3% uF.

The value of Ris 4.167 +3% Q.

Explanation:

a = 300 = op (1)
wa = Y2 — a? = 400  wh = wi + a? = 160,000 + 90,000 = £~
From (2),
— 1 —
C= Zmox BT — 26667 uF
From (1),
S | - ! —
B= 7t = Txmxzmax10F — 02900

The value of C is 266.67 pF.
The value of R is 6.250 Q.

--(2)
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In the circuit given below, V = 50 V. The switch in the circuit has been positioned at 1 for t < 0. At { = 0, it is moved from position 1 to the top of the
capacitor. Please note that the switch is a make-before-break switch, and it stays in contact with position 1 until it makes contact with the top of the
capacitor and then breaks the contact at position 1. Given that the initial voltage across the capacitor is equal to zero, determine v(t).

4Q
MW

I =0 4H
O

V@) v}: %F §I6Q

The voltage equation is v(f) =D + [A + Bfle St V,

where A= 0x2% ,B= -40x2%,s= 200+£2% ,andD= 0x2%.



Explanation:

Let /= inductor current and v = capacitor voltage.

: — 30V —
®0)=0,*® = Toren = 154

For t > 0, the circuit becomes a source-free series RLC with

- 16 Q) = 2

a = 5
2L 2x4H

1 = 2

e =k =k
e Vic V4 H x 15 F

i(t) = [Ae~21] + [Bte™2]]

i(0)=2=A
4 — _pAg2t | Be2t — ppte 2
20— 24+ B= —L(Ri0) + w0)) ‘

Thus, i(f) = [2e72f] — [3te™2]] A.

v = L[q0) —idr

v= —(16x2)[s e dr + (16 x3) [y Te~T dr
|t

v = 12672 || + 12¢727(—27 — 1) |;

Therefore, v(t) = (0) + [0Ae~2l] — [24te~2] V.

—24A+ BE= —6

The voltage equation is v(t) = (0) + [0Ae~2l] — [24te~2]] V.

B =

—3.00



