Tutorial 2

Problem 1:Find the amplitude of the displacement current density:

(@) adjacent to an automobile antenna where the magnetic field intensity of an FM signal is

H, =0.15c0s[3.12(3x10°t — y)]A/m;

(b) in the air space at a point within a large power distribution transformer where

B = 0.8c0s[1.257 x10 *(3x10%t — )]y T

(c) within a large, oil-filled power capacitor where g =95

E =0.9¢05[1.257 x10~° (3% 10°t — z4/5)[x MV/m;

(d) in a metallic conductor at 60Hz, if &=¢, , u=x, , o=58x10"S/m,

J =sin(377t—117.12)Xx MA/m? .

Solutions:
(a)

oH, . i 8 -
Jy=VxH=- Y Z=-0.15x3.12sin[3.12(3x10°t — y)]Z

= —0.468sin[3.12(3x10% — y)]ZA/m?
So the amplitude is 0.468A/m?.
(b)
H B _ 0.8cos[1.257 x107°(3x10%t — X)]y
Mo 4z x107'

=6.3662 x10° cos[1.257 x107°(3x10°t — x)]y A/m

oH
J,=VxH= a—yz =6.3662 x10° x1.257 x107°sin[1.257 x10°°(3x 10%t — X)]y
X

= 0.80025in[1.257 x10°* (3x10°t — X)]y A/m’

So the amplitude is 0.8002A/m>.

©

D = ¢,6,E =5x8.854 x1072 x 0.9 x10° cos[1.257 x 10° (3x 10°t — z+/5)]x
= 3.9843x107° Cos[L.257 x 10 ° (3x10%t — z/5)]X C/m?

i)

o= ~3.9843x107° x1.257 x10° x 3x10%sin[1.257 x 10 °(3x 10°t — z/5)]X

= —1.5025x1072sin[1.257 x107°(3x10°t — z/5) X A/m?

So the amplitude is 0.015025A/m?.

and

and



(d)
J=cE=
J 10°sin(377t—117.1z2)X

E=>-= = =1.7241x107sin(377t —117.12)X V/m
o2 5.8x10

D = g,E =8.854x10? x1.7241x10*sin(377t —117.12)X
=1.5265x10sin(377t —117.12)XC/m?

Jy = % =1.5265x10"" x 377 cos(377t —117.12)X

=5.7549 x10 ™ cos(377t —117.12)X A/m’

So the amplitude is 57.549uA/m?. Here we can see the amplitude of displacement current density N
57.549uA/m?, is much smaller than the amplitude of the conduction current density J, 10°A/m?.
Problem 2: Let =10"° % . e=4x10°F m 0= 0,and p, =0.Find k (including units)
so that each of the following pairs of fields satisfies Maxwell’s equations:

@ D=6%-2yy+2z2nC/m?, H=kxxX+10yy —252Z A/m;

() E=(20y—kt)xV/m, H=(y+2x10°t)ZA/m

Solutions:

(@)
1) V><E=—@:>
ot

1 10D, @D, 1D, 4D, 1D D,

VxE==VxD== ——)X+—( ——)W+=(—*- )Z
£ g oy oz g 071 0OX g oOX oy
10° 02z o(-2y),. ,06 02z.. ,0(-2 06, _
B (2 Ay (BB (A By,
e oy 0z 0z 0OX OX oy
B _ 6(kx7<+10W—2522)_0
a ~ at
oD oD
2) VxH=J+J,=J+—=— (J=pVv=0cE=0)=>
) X d at 8t ( pv Ol )
oH oH
VxH:(aHZ— y))ﬁ(Jr(GHX_aHZ)er( y_aHX)2
oy 0z 0z OX oX oy
0(-25z) 010y, ,okx 0(-25z),. ,010y Okx,.
(2 Ay (dx_oB)yg  (AY ;g
oy 0z oz OX OX oy
% _10° 0(6X-2yy + 277) 0

3) V.B=0=



oH
oy

oH
V-B=yV-H= x4+
H ﬂ(5

(kx~%:>k~%z)

4 V-D=p, =0=

oH
y z Wb = =
+ . )—/J(k+10 25) /3 0=k 159/2

oD
V-D:aDX+ y+6DZ:O—2+2:O
oXx oy oz
(b)
1) VXE=—@:>
ot

6
_6_B: 8_H__ﬂ6(y+2><10 t)2

a Ma ot

2) VxH=J+J, =J+%=%(J:pvv:aE:0):

= 10°x2x10°7 = _202%2

oH, .
VxH= x_lx%z

oy
@=g§=smi=—gk)‘(=—4xlo‘gkiﬁ/2
ot ot ot m

4510k = __ 8\ _V _V
4x10°k =1=>k =-2.5x10 %ns (kt A]:k %ns)

6
3) V.-B=0= V-B:ﬂv.H:ﬂwzo
Z
4 V.-D=0= V~D=gV.E=gW)=0

Problem 3:The parallel-plate transmission line shown in the figure below has dimensions b=4cm and

d=8mm, while the medium between the plates is characterized by 1, =1, ¢ =20, ando=0.

Neglect fields outside the dielectric. Given the field H =5c0s(10°t — £z)y % use Maxwell’s
equations to help find
@@ p.if p>0;

(b) The displacement current density at z=0;
(c) The total displacement current crossing the surface x=0.5d, 0<y<b,0<z<0.1minthe X direction.
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Figure 9.7 See Problem 9.18.

Solutions:
(a)  We start with th ti aZHy aZHy
a e start wi € wave equation:. =&
q 0z° ﬂ@tz
Brief proof:
As J=O‘E=O,SOVXH=J+@=8E,
ot ot
oH oH
VxH=- y)*(:gﬁz y:—gaEX
0z ot 0z ot
oB oE oH oH oE oH
VxE=—"" VxE="y -y =y Yy Ty
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— _ -12 _10F
&=£,6,=20x8854x107"" =1.77x10"° P/
_ _ -7 _ -7H
u=p iy =1x47rx10" =47 x10 Aq

o°H
0z°

Y = _55%cos(10°t — Bz)

o°H
o Y = —1.77x107° x 47 x107 x5x10" cos(10°t — Bz) = —1.11x10°cos(10°t — S3z)

= —5% c0s(10°t — Bz) = -1.11x10° cos(10°t — Bz) = S° = 222.54 }{nz

ﬂ=14.92%n (B>0)
(b)



H =5cos(10°t —14.927)y %]

oH
J,=VxH=-""%=-14.92x5sin(10°t —14.927)X = —74.59sin(10°t —14.922)X A/m’
Z

J,(z=0)=-74.59sin10°tx A/ m*

(©)
I =[[3,xds

9 0.1
= ["dy["-74.50sin(10°t ~14.922)dz = ~74.50x0.04 <2 14.922)|

1492 |

=—0.2[cos(10°t —1.492) — cos10°t]A



