EE331 Homework # 1 Solution

Problem 1.2 For the pressure wave described i Example 1-1, plot

(a) plx.r) versus x atf =0,

(b) pix.r) versus f atx = 0.
Be sure to use appropriate scales for x and 1 so that each of your plots covers at least
two cycles.

Solution: Refer to Fig P1.2(a) and Fig. P1.2(b).
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Figure P1.2: () Pressure wave as a function of distance at ¢ = 0 and (b) pressure
wave as a function of time at x = 0.

Problem 1.8 Give expressions for y(x,7) for a sinusoidal wave traveling along a
string in the negative y-direction, given that Ve, = 40 cm, A = 30 e f = 10 Hz,
and

(a) y(x,0)=0atx=10,

(b) y(x.0) =0atx="T5cm.
Solution: For a wave traveling in the negative x-direction, we use Eq. (1.17) with
w=2nf = 20n (rad’s), p = 2n/k = 2n/0.3 = 20n/3 (rad’s), 4 = 40 cm, and x
assigned a positive sign;
V(x, 1) = 40cos (Eﬂm ?.‘f _ dpc.) (cm),

with x in meters.
(a) »(0,0, —0— 40cosdp. Hence, ¢y — _m, 2, and
W =
V(x,f) = 40cos (Zﬂm b XE 5}

_ 4ﬂﬁiﬂL2ﬂﬂI | 1251'} (cm), ifdg=ms2,
40sin (20 + 8y (em),  ifdo = —1y2.

(b Atx — 7.5cm=75~10 *m, v 0 40cos(m,; 2+ dy,. Hence, ¢ — 0 or m.
and

y(x,t) = 40cos (20mr  =Ex) (cm),  ifdp =0,
Hib1) 40cos (20mt zgﬂx] fem), ifdpg=rm.



Problem 1.12 The voltage of an electromagnetic wave traveling on a fransmission
line is given by v(z,f) = 5¢ ““sin(4n » 10°f — 20mz; (V). where z is the distance in
meters from the generator.

(a) Find the frequency, wavelength, and phase velocity of the wave.

(b) At:z=2m the amplitude of the wave was measured to be 1 V. Find o
Solution:

(a) This equation 1s similar to that of Eq. (1.28) with » = 41 x 10° rad/s and
P =20rradm. From Eq (1.2%), f= w/2n = 2 x 10° Hz = 2 GHz, from
Eq. (1.290), & = 2n/p = 0.1 m. From Eq. (1.30),

Uy = /P =2 x 10° ms.
(b) Using just the amplitude of the wave,

. 1. /1 _
1=5¢,  o=z—h (;) — 0.81 Np/m.

Problem 1.14 Ewaluate each of the following complex numbers and express the
result in rectangular form:

(@) z; — 4a™3

(b) 72 = v3 P2,

(€) z3 = 6e ™2

(d) z: = /.
(&) z5s =,
(D zs=(1-j)’

®z=01 )"
Solution: (Note: In the following solutions, numbers are expressed to only two
decimal places. but the final answers are found using a calculator with 10 decimal
places.)

(@) z; — 4™ _4{cosm, 3+ jsinm, 3, — 2.0 + j3.46.

(b)
ry= wFe = o [con [ 22 14 fein | 25 ) | = =1.224 J1.22 = 1.22(—14).

: ¥) T :

(¢) z3=6e7™2 =6[cos( w/2) jsin( m/2)]= 6.

@ zm=p=jf= jor

zg = = (&™) = &P = cos(3m/2) jsin(3nj2) = .

(@ z5=7 *=(a"?) *=¢ =1

()
zm=(1 J)* = (VIeTY = (VIPa it
—{vjflms[fmﬂj Jsin(3mi4))
- 2 2= 21 J.
(2

zm=(1 j)¥? =212 = 124 mE = 11.19(0.92 j0.38)
= +(1.10 - j0.45).



Problem 1.15 Complex numbers z; and 7y are given by

..]_3 gy

(a) Express z; and 2> in polar form.

(b) Find |z;| by applying Eq. (1.41) and again by applying Eq. (1.43).
(c) Determine the product z;z; in polar form.

(d) Determine the ratio z; /2> in polar form.

(e) Determine 7} in polar form.

Solution:
{a) Using Eq. {1.41),

n=3 j2=3.6e3T,

L
oy = =4+ j3 =518,

(b) By Eq. (1.41) and Eq. (1.43), respectively,
nl=03 2/=y3* ( 22=vI3=3.60,
2 — v 3—J2,(3+ j2, — VI3 — 3.60.
(c) By applying Eq. (1.470) to the results of part (a).
7122 3.60737 | 5o/t 1gailood”
(d) By applving Eq. (1.48b) to the results of part (a),

- —j337

e | 3084 — 17
e T = U.T?e "Il 83 .
£3 Sallt.

(e) By applying Eq. (1.49) to the results of part ().

2 = {3.453‘333-?°}3 _ H‘ﬁjzg—jz.xn.?: _ 46.66e-01011°



Problem 1.21 A voltage source given by vi(f) = 25cos(2m x 10° — 30°) (V) 1s
connected to a series RC load as shown in Fig. 1-19. If & = 1 ML} and C = 200 pE,
obtain an expression for v (1), the voltage across the capacitor.

Solution: In the phasor domain, the circuat 15 a voltage divider, and

y_p_LjeC T
V=V ri/ac ~ (TTjake)

Now 7, = 25¢~7" V with o = 21 x 10° rad’s, so
25¢~3%" §
1+ j((2m % 103 rad/s) x (10 Q) = (200 x 10-12 F))
2530 Y
~ 14 ,2n/5

=

-
Iz

— 1557815 v
Converting back to an instantaneous value,

Velt) = ReFe/™ — RMel15.572 @ 815"} v = 15.57cos (2 x 10°7 — 81.5°) V,

where £ 15 expressed in seconds.

Problem 1.22 TFind the phasors of the following time functions:
() v(r) =3cos(wr m/3) (V).
(b) v(t) = lisiﬂ"[m.r w4 (V).
(c) ilx,1) = 2e Fsiniwr 7/6) (A),
(d) i{t) = 2cos{ew 3Im/4) (A),
(e) i(t) = 4sin(wr  m/3)  3cos(er =/6) (A).

Solution:

(a) F=3em3y

(b) v(f) = 12smn(ed mf4) = 12cos(m/2 (e w/4)) = 12cos(ew m/d) V,
V=124V

(c)
i(f) = 2¢e Fsin(at n/6) A=2¢Fcos(n/2 (ot m/6))A
=2¢ Fcos(er w3 A,
T 2g 3xg jmi3 5
(d)
ift)= 2cos{ewt 3mf4),
T= 2ePm% = ngimgiini3 _ 9g=imi% g
(e)

it} = 4sinfwt + m/3) + Icos{wt — m/6)
= 4cos|n/2 — (wf +m/3)| + Icos(mf —n/6)
=4cos( of w/6) 3cos(ew m/G)
=4cos(mi w/6) , Icos(wt m/6) = Tcos(wi m/G),
I=7e ™S A



Problem 1.23 Find the instantaneous time sinusoidal fimetions corresponding to
the following phasors:

@ 7 =-5¢ (V),

®) V= jgem+ (),

© I=(6+8) (&),

@ I=-3+2 Q).

© =/ (&),
® =265 (a).
Solution:
(a)
'['r:r I 1 TE I § jgiil'l'l,-':'l—r['l V= Se—in3 V.
V(i) = 5cos(mf =2y 3) V.
(b)

V = joe~i™* V = 6/ "M v = 6™V,
vit) = 6ecos (e  m/4) V.

(c)
T=(6+j8) A=10a531" 4
i(t) = 10cos (ot 53.1°) A

(d)

I= 3 j2=3.61a1630"

i(t) = Rey3.61403 ™ — 361 cos(or + 146.31 ; A.
(e)
T=j=em?,

i(f) = Me{e™ 20/} = cos(wt n/2)= sinwf A

(0

I=2e™¢,
i(t) = Me{2e/W0a/} — Dcos(wi  m/6) A.



