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EECS 16B Designing Information Systems and Devices II UC Berkeley Fall 2022
Discussion 3B

1. Adding Sinusoids with Phasors (Hambley Example 5.3)

Suppose you are given two sinusoidal inputs:

v1(t) = 20 cos (wt — 45°) 1)
v (t) = 10sin (wt + 60°) ()

Add together the inputs v, (t) = v1(t) 4 v2(t) such that vs(t) is composed of a single cosine term.

Solution: Let’s start by converting v, () into a cosine function. Using the relationship:
sin (wt) = cos (wt —90°) 3)

We have that:
vy(t) = 10 cos (wt — 30°) (4)

The phasors corresponding to v (t) and v, (t) are:

Vi = 20/—45° ®)
V, = 10/—30° (6)

Now we will use the complex-number representation of phasors to add the input signals together:

Vs =Vi+V, )
= 20/-45° 4+ 10£-30° 8)
= 20 cos (—45°) + j20sin (—45°) + 10 cos (—30°) + j10sin (—30°) )
= 14.14 — j14.14 + 9.8660 — 5 (10)
=22.80 — j19.14 (11)
=29.77/—40.01° (12)

Converting our phasor Vg back into a sinusoid, we get

vs(t) = 29.77 cos (wt —40.01°) (13)
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2. Inductor Impedance (Hambley Exercise 5.6)

(a) A sample inductor circuit is given in Figure 1.

i1 () = Ly sin (wt +8) (D o () %L

Figure 1: Sample inductor circuit

Derive the impedance of the inductor Z; given that Vi = ZI;.

Solution: Using the equation for an inductor, we can solve for the sinusoidal representation of

vr(t):
o, () = L9 (14)
oL(t) = L% (L sin (ot + 0)) (15)
vp(t) = LIyw cos (wt + 0) (16)
Rewriting our voltage and current as phasors in polar form we have that:
Vi = LIyw/0 = Llwel® (17)
Iy = I,,Z6 —90° = I,,e/(?=90") (18)

We can then write Vi, to be in terms of Iy which then allows us to find impedance for the induc-

tor:
Vi = Ll wel(0+90°=90°) (19)
= lecuej(efgoo)eﬁoo (20)
= LwZ90° (I, /6 — 90°) (21)
= LwZ90°I (22)
Vi = jwLlIy (23)

Therefore we have that Z; = jwL.

(b) Assume that now you are told that a voltage of v (t) = 10 cos (20¢) is applied to a 0.25-H induc-
tance.
Calculate the impedance of the inductor, the phasor current, and the phasor voltage.

Solution: From the previous part we have the Z; = jwL. Plugging in w = 200 and L = 0.25H,
we get:
Zr =j(20)(0.25) = j5 (24)

For the phasor voltage, we have that the peak voltage is 10 and that there is no phase. Therefore,
the phasor voltage is
Vi =10£0° =10+ 50 (25)
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For the phasor current, we can use the fact
VL = Z.I1. Thus, solving for Iy, we have

\Y
I L

2022-09-14 18:37:15-07:00

that impedance, current, and voltage are related via:

Vi 1020°
T 7, 5/90°

=2/-90° = —2j (26)

(c) Sketch the phasors Vi and Iy on the complex plane and state the phase relationship of the

current and voltage of a pure inductance.

10 4

8,,

7 y (Imaginary)

X (Real) |

6 8 10

—-10 *t

Solution:

10 4

7 y (Imaginary)

10 -8 —6 -4 -2
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Notice that the current "lags" behind the voltage of the inductor by 90°.
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3. Series and Parallel Combinations of Complex Impedances

Consider the circuit shown in Figure 2.
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L=01H
_ rrn .
_|_
vs(#) = 10sin (1000¢) C_F) R=100Q > ovc(t) ——C=10pF

Figure 2: RLC Circuit

(a) Find the voltage vc(f) in steady state.

Solution: The phasor for voltage source is Vs = 10£—-90°. Notice that vs(t) is a sine function
which is why the phase has 90° subtracted from it. The angular frequency of the source is w =
1000.

The impedance of the inductor is:
Z;, = jwL = j1000 x 0.1 = j100 O (27)

And the impedance of the capacitor is:

1 . 1
jwC ~ 71000 x 10 x 106

Zc = = —j100Q (28)
To find V¢, we need to combine the resistance and impedance of the capacitor in parallel to
find the equivalent impedance across the voltage. Then, using the voltage divider principle to
compute the voltage acros the RC combination. The impedance of the parallel RC circuit is:

1
Zre = +— (29)
Rtz
1
I S (30)
100 T =100
S - (D)
~0.01+;0.01
1£0°
~0.01414/45° (32)
=70.71/—45° (33)
In Cartesian form, we have:
Zrc = 50 — j50 (34)
Now, using the voltage divider principle with impedances, we have:
ZRc
Ve=-0—"—-—V 35
C 71 + Zre s (35)
70.71£—45°
=10£-90° 7L (36)

7100 + 50 — /50
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70.71/—45°

50 + j50
70.71/—45°
70.71/45°
= 10/—180°

=10£-90°

=10£-90°

Converting the phasor to a time function, we have

vc(t) = 10 cos (1000t — 180°) = —10 cos (1000¢)

(b) Find the phasor current through each element.
Solution: First computing the overall current,

_ VS

N Z1 4+ Zrc

10£-90°

~ 7100 + 50 — 50
10£-90°

T 70.71/45°

=0.1414/-135°

I

Now for the element currents, we have:

Ve 10/-180° .
Ve 10£-180°
Ic=-CS=—— >~ —01£-90°
€™ Zc  1002-90° 0-12-90

(c) Sketch a phasor diagram showing the currents and the source voltage.

Solution:
0.2 4 .
y (Imaginary)
0.1
Ir x (Real)
| L I I
0.2 —01 0.1 0.2
—01Y Ic
I
Y Vi
021
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