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Tutorial 4 

1) Express )305.010cos(100),( 8  zttzEy V/m as a phasor. 

Remember: If 
0 1

0( , ) Re[ ]
jk z jj t

yE z t E e e e  
   phasor expression = 

0 1

0( )
jk z j

ysE z E e e 
  

8(10 0.5 30 )( , ) Re(100 )j t z

yE z t e
   

0.5 30( ) 100 j z j

ysE z e
   

 

2) Given the complex amplitude of the electric field of a uniform plane wave, E0=100ax+20 30 ay 

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.    

Es(z) = [100 ax+20e
j30



ay] e
-jk0z 

k0 =  /c = 2 10 10
6
 3  10

8
 = 0.21 rad/m 

E(z,t) = Re [ 100
70.21 2 10j z j te e  

 ax + 20 
730 0.21 2 10j j z j te e e   

 ay] 

          = Re [100
7(2 10 0.21 )j t ze  

 ax + 20 
7(2 10 0.21 30 )j t ze   

 ay] 

          = 
7100cos(2 10 0.21 )t z    ax + 

720cos(2 10 0.21 30 )t z     ay 

 

3) Let μ = 3 10
-5

 H/m, ε = 1.2 10
-10

F/m, and σ = 0 everywhere. If H = 2cos(10
10

t-βx)az A/m, use 

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

B = μ H = 6 10
-5 

cos(10
10

t-βx)az T  
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Another method for calculation of  can be from  
0

22 r r

m

  


 
  ,  


  



D
H J

t
 , σ = 0  J = σE = 0  
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2sin(10
10

t-βx) ya = 
D

t




  102 sin(10 ) yt x dta D    

D = 10 102 10 cos(10 ) yD t x a     C/m
2
 = 8 10 312 10 cos(10 1.34 10 ) yt x a      C/m

2
 

E = D/ɛ = 10 10 102 10 cos(10 ) / (1.2 10 )yt x a      = 100.6 cos(10 ) yt x a   V/m = 

10 33600cos(10 1.34 10 ) yt x a   V/m 

 

4) A 150 MHz uniform plane wave in free space is described by Hs = (4 + j10)(2ax + jay)e
-jz

 A/m.(a) 

find numerical values for , , and . Find H(z,t) at t = 1.5 ns, z = 20 cm. (c) what is 
max

E ? 

(a) 6 82 2 150 10 9.42 10f        rad/s 

8 6/ 3 10 /150 10 2c f       m 

2 / 3.14    rad/m 

(b) Hs = (4 + j10)(2ax + jay)e
-jz

 A/m = 

68.2 90 68.2 158.212.7 (2 ) (25.4 12.7 )j j j z j j j z
x y x ye a e a e e a e a e      

H(z,t) = Re [ 25.4
868.2 3.14 9.42 10j j z j te e e 

 ax + 12.7 
8158.2 3.14 9.42 10j j z j te e e 

 ay] 

H(z,t) = Re [ 25.4
8(9.42 10 3.14 68.2 )j t ze   

 ax + 12.7 
8(9.42 10 3.14 158.2 )j t ze   

 ay] 

=
825.4cos(9.42 10 3.14 68.2 )t z    ax +

812.7cos(9.42 10 3.14 158.2 )t z    ay A/m 
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at t = 1.5 ns, z = 20 cm 

H(20cm,1.5ns)= 25.4 cos(68.98) ax +12.7 cos(158.98) ay = 9.11 ax -11.85  ay A/m 

(c)  

Using 

 

H(20cm,1.5ns)= 9.11 ax -11.85  ay A/m 

E(20cm,1.5ns)=0(9.11 ax   az -11.85  ay   az ) V/m 

E(20cm,1.5ns)=120(9.11 (-ay) -11.85  ax) V/m 

120 (9.11) 343.4

120 ( 11.85) 446.7

y

x

E

E





    

    
  V/m 

2 2

max x yE E E  =563.4 V/m 


