Advance Microwave Guided-Structure and Analysis
Professor Bratin Ghosh
Department of Electronic and Electrical Communication Engineering
Indian Institute of Technology, Kharagpur
Lecture 18
Time — Harmonic form of Maxwell’s equations Tutorials

Welcome to the tutorial class. So, now, in this tutorial class, we will take the numerical

problem on complex pointing vector.
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7. Consider E =i n,H,¢ Vim and H =i H,e™ Alm , where H, =25 A/m and frequency
30 GHz. Propagation is in free space and z is the vertical direction. Assume lossless propagation
(a) Calculate the time-averaged power density in the wave

(b) Calculate the stored electric and magnetic energy densities separately.
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So, this is the first problem.

7. Consider E =—ii i,H,e”’ V/m and H =i H,e’® A/m , where H, =25 A/m and frequency

30 GHz. Propagation is in free space and z is the vertical direction. Assume lossless propagation
(a) Calculate the time-averaged power density in the wave
(b) Calculate the stored electric and magnetic energy densities separately.

So, this is a first problem calculate the time average power density in the wave in the next
part calculate the stored electric and magnetic energy density separately. So, let us do the

solution.
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So, E is given in the question, so above equation becomes:

+iuz

()

-}:Re[ U;,”OH C qu Ho €

Time average power density is

7-MM%¢A7PA5’1!7A’GMI% u
= LU tx3FF7X 025
. i ;
=—HF-81% f%k*}/éﬁzf

because in the question it is given, it is a loss less propagation and progression in the free

space. So, free space wave impedance will be 377.
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In the next part, stored electric and magnetic energy density are given by:

= T
W= L poH H
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Substituting the values, we get:

3327 Q854 x 16 Txast

So, this is the solution.
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8. In a nonmagnetic medium A
E=4sin(22x10't-08x)i, Vim '@
Find 4
@) &.n 0
(b) The time-average power carried by the wave ~ * | 2
(c) The total power crossing 100 em” of plane 2x+ y =35 %
! %
o

We can go to the next problem,



8. In a nonmagnetic medium
E =4sin(2z %107t —0.8x)i. V/m
Find -
(@) &.n
(b) The time-average power carried by the wave
(¢) The total power crossing 100 cm? of plane 2x+ y=35
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Here E field is given,

,Eﬁ—;*# g'%f%r&ralql*efgaekgr\#/%

So, from this we can compare sine omega t minus beta x. So, after comparing

B=0%, w = 2/ X0/, u= Mo

So, this is the omega and beta and because this is a non-magnetic medium, So,

Bz=wdpe = W [y, uy €Exr
Nz = W b JE&r
L// J\heo
‘ = . J¢
g = C & :
¢ O X 10
p B s LS —12
T, 8 X

On solving we get:

Ey & \4-59



after getting this value, we can find out the wave impedance as:

n=JE =k
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8. In a nonmagnetic medium 5
E=4sin(rx10't-082)i, Vim "

Find A

(a) &.n 2

(b) The time-average power carried by the wave .0

(c) The total power crossing 100 em” of plane 2x+ y=35 2

§,

pﬁ“ = E, Q’:u = 16 ax

m 2 xXlom®
= gl U mw/p2
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8. In a nonmagnetic medium .
E=4sinQrx101-08x)i, Vim :

Find .
@ &.n 2
(b) The time-average power carried by the wave .0
(c) The total power crossing 100 cm? of plane 2x+y =5 2
G

L %
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Next part is total power crossing the crossing 100 a square centimetre of a plane 2x plus y

equal to 5.
VA 2 o Bt
A
A

JT
' =3 e 2 G+ Oy
B«: %|xl10 U, - [boxlo - —

—— (00X 0 ri
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So, this will come 724.5 Macro Watt. So, this is the answer for the last part, we can go to the

next problem.
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9. In free space, H =02cos(f— fx)i. A/m. Find the total power passing through: 2

(a) A square plate of side 10 cm on plane x+z=1 2

» (b) A circular disc of radius 5 cm on plane x=1 . 2

9. In free space, H =0.2cos(ef — Ax)i. A/m . Find the total power passing through:
(a) A square plate of side 10 cm on plane x+z=1
(b) A circular disc of radius 5 cm on plane x=1

We need to find out the total power passing through a square plate of side, this is a square
plate of side 10 centimetre that means area will be 10 X 10 centimetre square, on the plan x +

z = 1. So, first we have to find out the unit vector on this plane. So, unit vector on this plane

will be.

A
’\\1 "_- &3|,+ u'l-
- ————
JZ
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9. In free space, H =0.2cos(al— fx)i, A/m. Find the total power passing through: 2
(a) A square plate of side 10 cm on plane x+z=1 =
(b) A circular disc of radius 5 cm on plane x=1 ~Z
%
|
L]
o

And the total power passing through the square plate of side 10 centimetre:

A A N
—4
0o toat . W™t 'S poxin
LI 2 2— p 'l L \r.?: t
1 ’-Al ] ‘-2'
= Ltxwvony OZrx_L D =t :
= S X wr_;)( [ 533 mwmw

So, this will come after calculation 53.31 milli watt. So, this is the answer for the first part.
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9. In free space, H =0.2cos(al— fx)i, A/m. Find the total power passing through:
(a) A square plate of side 10 cm on plane x+z=1
(b) A circular disc of radius 5 cm on plane x=1
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Similarly, for the next part in the b part, in the b part it is given, a circular disc of radius 5

centimetre on the plane x = 1. so, on the plane x = 1, we have to find out Pt.

0

}

. 2 A A
T Mt Uy U - K (0o05]

9 2
= 1x1208 ©2) x& 005 = 59-22 mw

after simplification it will come 59.22 milli watt. So, this is the answer for the b part.
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10.1f E=(a, +ja, )¢ and H=—(a, + ja )¢ the time averaged Pointing vector s 8
ou
]
(a) null vector -
(b) i‘;: )
o 2
2% .
(¢) —a, 40
o /3
E . ’
(d) —a.
o~ 4
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So, in the next problem it is given:

10.If E =(a,+ ja,)e’* "™ and H =L( a,+ ja, e’ '™  the time averaged Pointing vector is
o
(a) null vector
o—a
o
Zk

a:
ou

@ ——a
2ou

(¢)

So, here options are given, so I have to find out time average pointing vector. So, time

average pointing vector is given as:

2
e 3!.(-;-Aw"r |<
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So, option will be a null vector.
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11. The H field (in A/m) of a plane wave propagating in free space is given by B
-}
Il=[l‘ﬂcos[(u!-ﬂz)-&ﬁrisin((a-ﬂ:-*-z] 3
Ty L3 2 "
The time average power flow density in watts is B
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In the neck problem

11. The H field (in A/m) of a plane wave propagating in free space is given by

H=a, 53 cos(at —Bz)+a, isin(a)t—ﬂ:: +%)
0 (1

The time average power flow densify in watts is
o
a e
@ 100

100
(b) —

Ty

(c) 50m,’

50
(d) —

My
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11. The H field (in A/m) of a plane wave propagating in free space is given by B
=
H=ﬁ'ﬂcos(ax-ﬂ:)+d| isin[a)l-/fi:il] 3
Ty U3 2 )
The time average power flow density in watts is .
T
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Given:

ljr: éx 543'(05[ wi- Bz + a\aﬁi;_simlw-I—Bz.,.zi[/

™,

So time average power flow in watt in free space :

=
P : E° i E’ = 'ﬂ‘. HO
Z’YLD
= T e
= = T, Ho
So, after simplification we get:
— (il z (=m o
b 58]+ %)
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So, we get correct answer as 50 upon eta naught so, option will be d. So, like this, all these

problems can be solved. Thank you.



