Oct 20, 2015

Tutorial 4

1) Express Ey(z,1) =100c0s(10%t —0.52+30") \V/m as a phasor.
Remember: If Ey (z,t) = Re[Eoejwte_jk"zem] => phasor expression = Eys (z) = Eoe—jkozej(pl

E, (z,t) = Re(100e¢ 0523y o E (7) =100 105*+1%

2) Given the complex amplitude of the electric field of a uniform plane wave, Eo=100a,+20 ~30° a,
V/m, construct the phasor and real instantaneous fields if the wave is known to propagate in the

forward z direction in free space and has frequency of 10 MHz.
E«(z) = [100 a,+20e”° a,] e
ko= @lc=2mx10x10% 3x 10° =0.21 rad/m

j0.21z 4 j27x10"t j30° A—j0.217 - j27x10"t

E(zt)=Re[100€ e ax+20€ e e ay]

t-0.212) 0e j(27x107t-0.212+30°)

- < 7
= Re [100 7% ay+ 2

ay]

= 100c0s(27 %10t —0.212) a,+ 20cos(27x10"t—0.21z+30°) a,

3) Letu=3x10° H/m, ¢ =1.2x10"%F/m, and 6 = 0 everywhere. If H = 2cos(10*°t-fx)a, A/m, use

Maxwell’s equations to obtain expressions for B, D, E and .

B = H =6x10°cos(10*t-Ax)a, T

,B:a)\/,z;

—10°4/3x10° x1.2x10° =600




Oct 20, 2015

27/
Another method for calculation of B can be from g = i_” N ﬂ:’lrgr ’

VxH:J+% ,0=0:>J=0E=0:>V><H=%:> aHZ_a'y=@

OX ot
- 10. g _ 66 - 10 - —
255in(10™t-Ax) a, = - = j 23sin(10°t — Bx)dta, = D

D =D =-2x10" 8cos(10"°t — Bx)ay C/m? = —12x10"® cos(10™°t —1.34 x10°X)a, C/m?

E = Dle = —2x107"° Bcos(10°t — Bx)a, / (1.2 x101°) =—0.6 B cos(10°t — Bx)a, V/m =

—3600c0s(10°t —1.34x10°X)a, V/m

4) A 150 MHz uniform plane wave in free space is described by Hs = (4 + j10)(2ay + jay)e"ﬂZ A/m.(a)

find numerical values for &, 4, and 8. Find H(zt) at t = 1.5 ns, z = 20 cm. (c) what is |E| _ ?

(@) w=2rf =27x150x10° =9.42x10°%rad/s
A=c/ f=3x10°/150x10° =2 m
B =2r1A=3.14rad/m

(b) Hs = (4 + j10)(2ax + ja,)e?”* Alm =

682 o j90° 5 ya-iBr _ j68.2° 5 j1582° 5 \n—iBz
. y -_ . .
12.7e>° (2ax +e'™ ay)e (25.4e"™ ax +12.7e ay)e

- o) J x ? j . . . j LLX g
H(zt) =Re [ 25.4 €77 @134 104240 o 1y 1o 7 @I1902 @71 MZg RN ]

t-3.14z+68.2°) t-3.14z+158.2°)

j <108 i <108
H(zt) = Re [ 25.4 €142 a + 127 £104240 o]

=25.4005(9.42x10°t —3.142 +68.2") ay +12.70s(9.42x10°t —3.14z +158.2") ayA/m

2
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att=1.5ns,z=20cm
H(20cm,1.5ns)= 25.4 c0s(68.98) ay +12.7 cos(158.98) a, = 9.11 a,-11.85 ay A/m
(c)

Using
H(z,t):%ix};‘(z,t) = E(z,t)=nH(z,t)xZ

H(20cm,1.5ns)=9.11a,-11.85 ayA/m
E(20cm,1.5ns)=no(9.11ax x a,-11.85 ay x a; ) V/m
E(20cm,1.5ns)=1207(9.11 (-ay) -11.85 ay) V/m

E, =-1207x(9.11) = -343.4
E, =1207 x (~11.85) = —446.7

|E| =JE?+E2=563.4V/m



