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EECS 16B Designing Information Systems and Devices II UC Berkeley Fall 2022

Homework 3
|

This homework is due on Friday, September 16, 2022 at 11:59PM. Self-
grades and HW Resubmissions are due the following Friday, September
23, 2022 at 11:59PM.

1. Hambley P4.61

A DC source is connected to a series RLC circuit by a switch that closes at t = 0, as shown in Figure 1.
The initial conditions are i(0+) = 0 and v¢(0+) = 0. Write the differential equation for v¢(t). Solve
for vc(t) given that R = 80 Q).

t=0 L =2mH R

50V <+> vc(t) —=—C =5pF

i(h)

Figure 1: P4.61

Solution: We can apply KVL to the circuit to obtain:

50 = oL (t) +or(t) +oc(t) ey
di(t) .
=L zi(t) +i(t)R+vc(t) ()
o di(t) doc(t)
=L a T RC a ve(t) 3)
Now, we have that Ldfi(f) = L% (Cdvgt(t)) = LC%. Plugging this in, we get
d*oc(t) doc(t) _
LC iz T RC a T ve(t) =50 4)
d?oc(t) | Rdoc(t) | 1 _ 50

a2 T @ Tt =1¢

©)
We have a second order differential equation, so our solution will be of the form vc(t) = vc,(t) +
vc.(t), where v, (t) is the particular solution and v¢, (t) is the complementary solution. Here, we
have a DC forcing function (i.e., f(t) from eq 4.66 in the text is %). Hence, the particular solution
would be the solution if we replaced inductors with short circuits and capacitances with open circuits.

This yields v¢, (t) = 50. To find the damping ratio, we can pattern match & = % and wy = % from
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eq 4.67 in the text. Thus,

R
@ 2L

¢ o 0 (6)
LC

Since ¢ > 1, the complementary solution will be of the form
vee(t) = Kyt 4 Kpe™! )

where s; = —a + /a? — w3 = —2679.49 and 5, = —a — y/a? — w3 = —37320.5. Hence, the final
solution is of the form
Uc(t) = UCp (t) + Uce (t) =50+ Kleslt + Kzeszt (8)

To find Kj and Ky, we can utilize the fact that v-(0) = 0 and dvst(t) li=0 = @ = 0. Plugging these in,

we get the following system:

0c(0) = 0 =50+ Ky + Ky )
doc(t)
dt

li=0 = 0 = 51Ky + 52K (10)
Solving this system of equation yields K; = —53.87 and K, = 3.87. Hence, the final answer is

vc(t) = 50 + (—53.87)e 267949 1 (3.87)e 373205t an
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2. Hambley P4.64

Consider the circuit shown in Figure 2, with R = 25Q).

(a)

(b)

()

1A<T F=0x RSL=10pH < o(t) —=— C = 1000pF

Figure 2: P4.64

Compute the undamped resonant frequency, the damping coefficient, and the damping ratio.

Solution: From KCL, we have

1 =ig(t) +ip(t) +ic(t) (12)
= %+iL(t)+Cd%(:) (13)

Taking derivatives on both sides, we get
d?o(t)  1do(t)  dir(t)
de? R dt dt

diégt) . Plugging this in, we get

C

=0 (14)

We also know that v(f) = L

d®v(t)  1do(t) 1 B
T2 R dt + Zv(t) =0 (15)

d?o(t) 1 do(t) 1 B
a2 trear et =0 (16)

C

Pattern matching to eq 4.67 in the text, we get & = ﬁ =2x 107 and wy = 4/ % =1x107. In

this case, { = wio = 2 so0 it is an overdamped circuit (since § > 1).

The initial conditions are v(04) = 0 and i;.(0+) = 0. Show that this requires o/ (0+) = 10°¥.
Solution: We still must satisfy KCL at t = 0+, so we have

1 =ig(04) +ir(0+) +ic(0+) (17)
— L?{“ +i1,(04) + Co'(0+) (18)
= Co'(0+) (19)

This leaves us with o/ (0+) = & = 10°¥.

Find the particular solution for v(t).

Solution: To find the particular solution, we first notice that the forcing function is f(t) = 0
which is a constant. Hence, we can replace capacitors with open circuits and inductors with
short circuits. If we were to do this, all of the current flows through the branch with the inductor

and the particular solution is vp(t) = 0.
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(d) Find the general solution for v(t), including the numerical values of all parameters.

Solution: Since ¢ > 1, the complementary solution will be of the form
ve(t) = Kpestf 4 Kpe™! (20)

where s; = —a + /a2 — w} = —2.68 x 10 and s, = —a — /a2 — w} = —3.73 x 107. Since the
particular solution vp(t) = 0, we have that
o(t) = Ky’ + Kpe®?! (21)

Now, we will use our initial conditions of v(0) = 0 and v'(0) = 10°. Plugging these in, we get
the following system of equations:

v(0) =0 =K; + K (22)
v'(0) = 10° = 51K; + 5K (23)

Solving the system of equations yields K; = 28.89 and K, = —28.89. Thus, the final answer is

o(t) = 28.89e("268X10) _ 8 gge(~373x10)¢ (24)
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3. Hambley P5.15
Determine the rms value of v(t) = A cos(27tt) + Bsin(27t).

Solution: The period here is T = 1, since Acos(27t(t+ 1)) + Bsin(27t(t+1)) = Acos(27t +27) +
Bsin(27tt 4 271) = A cos(27tt) 4+ Bsin(27t). Hence, we will compute the following integral:

T
Vems = |/ 7 | ot2ar (25)
1

= \//0 (Acos(2mt) + B sin(27rt))2 dt (26)
= \//01 (A2 cos?(2mtt) 4+ AB cos(27tt) sin(27tt) 4 B2 sin2(27'[t)) dt 27)
_ # o
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4. Hambley P5.22

Suppose that v1(t) = 100 cos(wt) and v, (t) = 100sin(wt). Use phasors to reduce the sum v;(t) =
v1(t) + v2(t) to a single term of the form Vj, cos(wt + 6). Draw a phasor diagram, showing V;, V5,
and V;. State the phase relationships between each pair of these phasors.

Solution: Note that v,(t) = 100 cos(wt — 5 ). As a result, we have that

V; = 100 (29)
Vo = 100£(—90°) = —j100 (30)

which means V3 = 100 —j100. Here, ZV3 = tan~!(550°) = —45° and |V3| = v/100% + 1002 = 141.4.
Combined into phasor form, this yields V3 = 141.4/ — 45°. Thus,

vs(t) = 141.4 cos(wt — 45°) (31)

The phasor diagram is shown below:

100V

Y

50 Vi

100V 1414V

Y V2 VS

In this case, V; lags V; by 90°, Vs lags V; by 45°, and V; leads V, by 45°.
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5. Hambley P5.23

Consider the phasors shown in Figure 3. The frequency of each signal is f = 200 Hz. Write a time-
domain expression for each voltage in the form V;, cos(wt + 6). State the phase relationships between
pairs of these phasors.

10V
Vi

vy 10V
5V

30° 30°

Figure 3: P5.23

Solution: We have that w = 271f = 4007r. Now, by reading the phase diagram, we have

v1(t) = 10 cos(4007t + 30°) (32)
03 (t) = 5 cos (4007t + 150°) (33)
v3(t) = 10 cos(4007tt +90°) (34)

Here, v (t) lags v (t) by 120°, v1 (t) lags v3(t) by 60°, and v, (t) leads v3(t) by 60°.
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6. Hambley P5.32

A voltage vy (t) = 10cos(20007tt) is applied to a 100 mH inductance. Find the complex impedance
of the inductance. Find the phasor voltage and current, and construct a phasor diagram. Write the
current as a function of time. Sketch the voltage and current to scale versus time. State the phase
relationship between the current and voltage.

Solution: Note that w = 20007t. The complex impedance of the inductor is Z; = jwL = j2007t. The
input phasor is V = 10, so the current is

/ET) 1 1
I = — = = —1]— = 74 — ©
L= 7 0o - Jaom aomt 0 (35)

A phasor diagram is shown below:

1
07 A 10V
YI Vv

Y

Converting this back into time domain, we get
ip(t) = L €os(20007tt —90°) = L sin(20007tt) (36)
BT 207 ~ 207

The plots of vy (t) and if(t) are shown below:

10
5 -
g t (ms)
— 0 - - {
= 1 2 3 4 5 6
5]
—10b

© UCB EECS ]. 6B, Fall 2022. All Rights Reserved. This may not be publicly shared without explicit permission. 8



EECS 16B Homework 3 2022-09-17 10:10:11-07:00

1072

NANNN
VAVAVAVAVAE

i(t) (A)

Here, iy (t) lags vy (t) by 90°.
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7. Hambley P5.33

A voltage vc(t) = 10cos(20007tt) is applied to a 10 pF capacitance. Find the complex impedance
of the capacitance. Find the phasor voltage and current, and construct a phasor diagram. Write the
current as a function of time. Sketch the voltage and current to scale versus time. State the phase

relationship between the current and voltage.

Solution: Here, w = 20007t. The complex impedance is Z¢ = —& = —j15.92. Since V¢ = 10, we
have that
VC . o
Ic = 5= =j0.63 = 0.63290 (37)
Zc

A phasor diagram is shown below:

0.628 A1
10V .
v
Converting the current phasor into time domain, we get
ic(t) = 0.63 cos(20007tt +90°) = —0.63 sin(200077t) (38)

The plots of v¢(t) and ic(t) are shown below:

10
5
S t (ms)
= 0 - - |
< 1 2 3 4 5 6
5}
—10b
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TN
MVVYY

—1v

i(t) (A)

Here, ic(t) leads vc(t) by 90°.
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Find the phasors for the current and the voltages for the circuit shown in Figure 4. Construct a phasor

diagram showing Vs, I, Vg, and V. What is the phase relationship between V; and I?

10002
+ vV V.V —

(%
K +

vs(t) = 10 cos(500¢)V (j) oL %O.ZH

~.A

Figure 4: P5.38

Solution: Here, Vs = 10 and w = 500. Using Ohm’s law and plugging this in, we have

=%
R +jwL
10
~ 100 + 100
10
V1002 + 1002 £45°
10
141.4/45°
0.071/ — 45°

Now, to find Vg and V, we can again apply Ohm’s law:

Vg =Ix R=7.1/—45°
Vi = I xjwL = 7.1(£90°)(£ — 45°) = 7.1./45°

A phase diagram is shown below:
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Vi
71V
5" 1ov -
7V'3
71 mA| 50
71V
VR

From these calculations, we see that I lags V; by 45°.

© UCB EECS ]. 6B, Fall 2022. All Rights Reserved. This may not be publicly shared without explicit permission. 13



