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Solutions to Homework Set#1 — June 17, 2003

Problem1.
x(¢)=2bcost
y(¢t)=bsint
since
cos’ t +sin*t =1, We can write
2 yz
+—=1
by b
or F(X,y)z >+ 4y2 — 4h% = const
thus
aFX+aFj/:O:>2XX+8yj/:O
ox oy
with

p(X,y) =2xsiny and q(X,y) = x’cosy+siny

We get 5 5
P _ 2xcosy = v
oy ox

The D.E. is exact.

The general solution can be obtained by line integration to get

F(x, )=I XO)aLF+I q(x, 7 )y = IZstnGd?+I (X cosy+szny)f
[X Siny — cosyk —X2Sll’ly cosy —1

Since a constant does not matter in this context, the general solution of the D.E
can be written as

F(X,y):Xzsiny—cosyzc,ceiR



By separation of variables, we end up with a boundary-value problem in x and an
equation in t. In the usual fashion, the eigenvalues are A =n=n. Since the B.C’s are
periodic, the associated eigenfunctions are sin(nnx) and cos(nnx). By the principle

of superposition, the general solution is
2.2 © 2 2

u(x,t)= Zane_" " sin(mmx)+ D be " ™ cos(mmx)

n=1 n=1
The initial conditions consist of a simple sum of the sines and cosines.

= Dby =1,b5 = 1/2,.;111 =4
All other coefficients are zero.

Problem3.

s (X) 1s even = cos solutions only!

x? = by + an cos(nx)

n=1

=—J. X(I’X——J. dX——

T 2 T 2
b, z—I X COS(I]X)dXZ—j x“ cos nxdx
n~0 m~0

[)II: 2
n
Problem4. f(x)
x x<l 1 4
[ =
(x) {1 x>l
Z Xzz ZZ Z X=
for OSZ<1,H(Z)=IXOIX=— ==
2 2
0 0
21
for Z_lH J.XdX-I-J.dX—? +X‘IZ
0 1 0

H(x)= {22/2 for 0<2<1

z=1/2 for z>1
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1= IO cxe t dyv=climy_, IO cxe " dx [u = x%, du = 2xdx,u(0)=0,u(h) = [)2]
b1 —u [)2 —[)2 1
=C llmb—)oo J ¢ 'du=c Zlmb—>oo|:€—2i| =C limb—)oo{ez + } =
o
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Problem6.
2nf
B=wguy =0/c= =93 rad/ m
oko = 3x10° /
= 0~2.79x10° rad—s and f = ©/2n = 444MHz

VxH = jogyll
H(z)=xH ()= 0. le=/937 I m2 mA/m

=/937 ;~jm2 . .
:>E(Z)= 1 ()A/aHX(Z)jz}A/ 0. 1( JO. 3) )~ﬁ37.7€—j9.326—1n/2 II]V/L

Jogg\" 0z 712.79x10° J8.85x 10712
Problem?.
el)VxE:—j(DpoH:H:— .1 { oL ( ) Z"aEX(.V’Z)j|
JOWg 0z oy

where the electric field phasor is given by
E(v,7z)=3E (v, z)= £Ey cos(ay e~
Taking the partial derivatives yields
H(y,z)= ybﬂcos(ay)e bz ZA&
W WL

~H(y,z, f)canbef()undﬁom[be pbgz sorH(y, z)as
A(y,2,0)=RAH(y, )" |= 250 cosay)cosot —b2)- 272 siray)sireot — b2)
WLy WLy
b) substituting for H ( v, Z)
1 P o0H, oH,
. ]6)80 5)/ Oz

Sin(ay)e_jbl

VxH = jingy £ = E =




+b° — bz

— E(ry,7)= Laz ) JEO cos(ar e
® Ho€g

But this E(y,z) expression must be the same as

' a® +b?
E(yv,7z)=5E, cos(ay)e™" = 5 =1
O Ko
must hold so that Maxwell’'s equations are both satisfied. Note that
yo
E(y,z)= AA’EX()/,Z) (V -E(y,z): a@ L = Oj
X

e’ 4 eIV

c) Using Euler’s Formula cos(ay)= the electric field phasor
E(y,z) can be written as 2
E()/, Z) _z EO e’ e Y :|€—ﬂ)z — 3 E ej(a_yr—bz) g & 6—\/’(ay+[)z)
2 2 2

Now, it is clearly seen that this wave may be regarded as a combination of two
uniform plane waves propagating in different directions. The direction of
propagation of the two components are given by the unit vectors as

i —ay+bz a+bz
and k

\/a + b2 \/(1 + b2
ProblemS8.

a) Using plane wave (uniform) from Maxwell’s equation, the corresponding
H (z) can be written as

H(z)= [— -2+ j)(%)ejsom Al m

b) The time-average power density carried by this wave can be found as:

5 (<) 1029 1(2v2f
w179 377 2 377
c) The real-time expression for the electric field vector can be written as

E(z,6)= £12cos(or +50mz)— 71242 cos(or + 50mz + 1/4)V/m

® =B c ~ 507 rad/ mx (3 x10° m/s)z 1.5x10' rad/s
This wave is elliptically polarized (LHEP wave).
y A

ot =T1/2
g\\\ ot =1/4
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