Electromagnetics

Answers to Homework




Exercise 1.3.2 (Homework)

Exercise 1.3.2 (Homework)



Exercise 1.3.2 (Homework)

Find the force on a point charge Q; = —30 [uC], due to a point charge
Q, = 10 [uC], where Q4 is at (0, 1, -1) [m] and Q, is at (-1, -1, 1) [m]. Both
Q1 and Q, are in the air.
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Exercise 1.3.2 (Answer)

Z R12 = 1ax + Zay — Zaz

IRy,| = /12 + 22 + 22 = 3 [m]

lay + 2a, — 2a,

A = 3
_ LQ1Q2 a
.y V™ 4re RZ, 12
—-3x1071° 1a, + 2a, - 2a,
~ 9 x 107 x 32 X 3

= —0.1a, — 0.2a, + 0.2a, [N]




Exercise 1.4 (Homework)
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Exercise 1.4 (Homework)

Find the force on a point charge Q; = 10 [uC], due to point charges Q, =
Q3 = 100 [uC]. The locations of Q4, Q,, and Q5 are at (0, 2, 2) [m], (0, O,
0) [m], and (0, O, 4) [m], respectively. The charges are in the air.



Exercise 1.4 (Answer)

R,; = 0ay, + 2a, + 2a,
R,z = 0ay, + 2a, — 2a,

R3] = |Rqy3| = /02 + 22 + 22 = 22 [m]

2ay, + 2a,
aAi; =
24/2
2a, — 2a,
a3 =
24/2
1 010, 1 Q.05

ai, + a
127 4 R%3 13

_9 _
. 9% 10° x 10 ><(2+2)ay+(2 2)a,

1= 2
41te R12

(2\/5)2 2+/2
92

= Tay =~ 1.6ay [N]




Exercise 1.6.3 (Homework)
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Exercise 1.6.3 (Homework)

Show that the total electric field intensity at a point P produced by charge distributed

with uniform density p; [C/m?] over an infinite x — y plane S is given by
E = &a
2¢ 7

where a, is the unit vector in parallel to the z axis. The distance between P and the
plane is z [m]. Note that E is not a function of z.
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Exercise 1.6.3 (Homework)

Hint : Use the result of Exercise 1.6.2. You can choose differential charge
distributed along a circle of radius r placed in the x — y plane.
Integrate dE from 0 to oo with respect to r.




Exercise 1.6.3 (Answer)




Exercise 2.1.1 (Homework)
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Exercise 2.1.1 (Homework)

There are two point charges as below. Draw electric flux lines.

+Q [C] —20 [C]



Exercise 2.1.1(Answer)




Exercise 2.1.2 (Homework)
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Exercise 2.1.2 (Homework)

Infinite Line There is an infinite line charge along an infinite line L
charge — with zero thickness. The charge density is p [C/m].
Draw electric flux lines.




Exercise 2.1.2 (Answer)

Infinite Line
charge |

According to the result of Exercise 1.6.1, an
electric field intensity generated by an
infinite line charge is radial and
perpendicular to the line. Thus, the electric
p [C/m] flux line is also radial and perpendicular to
the line L. These lines leave the line charge
and terminate at infinity.




Exercise 2.2 (Homework)
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Exercise 2.2 (Homework)

Infinite Line
charge —

— e —f— e
—_— ~ o~

There is an infinite line charge along an infinite
line L with zero thickness. The charge density is
p [C/m]. Show that the electric flux density at
the surface of a cylindrical closed surface CS of
radius r [m] is given by

p
D = ﬁan [C/mz]

where a,, is the unit vector normal to the
cylindrical surface and has the same direction
as D.



Exercise 2.2 (Answer)

Infinite Line
charge —

— e —f— e
—_— ~ o~

[[m]| }~ %] >
|
~N_ .
p [C/m]
L

According to the result of Exercise 1.6.1, an
electric flux line by an infinite line charge is
radial and perpendicular to the line. The height
of cylinder is set to be [ [m]. Then, the total
electric flux lines W crossing the cylindrical
surface is given by

Y = pl [C].

The surface of the side of cylinder S, which
does not include the top and bottom surfaces,
IS

S = 2mrl [m?].

Thus, the electric flux density D is

p
D=—-a, = P

_r 2



Exercise 2.3.2 (Homework)
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Exercise 2.3.2 (Homework)

|

Infinite
cylinder

—_——— —
_— ~ o~

Charge is distributed with a constant density
p [C/m3] throughout an infinite cylinder V of
radius a [m]. Show that

(7
—par (r <a)
2

D:< 2
Q <7~)
e (@




Exercise 2.3.2 (Homework)

3

Q,-: charge inside the assumed cylinder

| : :
Infinit ! axis (Hint) Assume a cylinder that shares the
" .|n| € I same axis as the infinite cylinder. Its radius
cylinder : is r [m] and its height is [ [m]. The cylinder
o [C/m?]" has three surfaces: S; (top surface), S,
I (bottom surface), and S5 (side surface).
_ /’(/’gl_-:_‘\‘:;\ According to the result of Exercise 1.6.1, the
\:\&*—j:y:/ total electric field intensity E due to an
| : | infinite line charge is radial to the line. This
| 53 I | means that there is no component of D
! . : :
B Rt o .
[ [m] - "mky | b ‘ :Irgzsgir’:hzag;dT;us, there is no electric flux
T e S and S
| l |
I
P e L
TS, Y J D-dS=J D-dS+J D-ds+f D-ds
=4 — S1+5,+S3 S S5 Ss
|
I =0+0+ j D-dS
V | 53
|
I f D-dS =Q,
| s
|
|
|




Exercise 2.3.2 (Answer)

|
Infinit | If r < a, then the charge Q, within the
" .|n| € I radius r [m], and the height is [ [m].
cylinder |
| Qr = mr?lp [C]
C/m3
Pl {__]::___‘ Thus, according to Gauss’s Law, and the
| | | f D-dS = Q.
S 5
]
[ [m] ¢ LT D From this surface integral,
T~ __ = 1 —>
i | fr 2mrlD = Q,.
|
N S
Vo EEEETATEERTAN Then, 0. mrilp  rp
— .S, ) D = = = —.
—————— 2nirl  2nrl 2
|
|
4 I Thus,
| rp
| D=—a,.
! 2 7
|
|
|




Exercise 2.3.2 (Answer)

l If r = a, then the charge Q, within
Infinite : the radius r [m], and the height is [
cylinder | [m].
: Qr = nazlp [C]
p [C/m3]! . ,
/ _____ : _____ \ Thus, according to Gauss’s Law, and
A_\\/// \\\\/ the hint,
~_ | a>
| J D-ds =0,
S3
|
[ [m] / ' r \ From this surface integral,
| T < N
| ar 2nrlD = Q,.
_,,_/,/ —————— : ______ \\\ e Q- ma’lp a®p
\ : / 2nrl  2mrl 2r
|
I Thus,
|4 | 2p
: D=—a,
| 2r
|
|
|
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Exercise 2.4 (Homework)

Suppose there is a sphere of radius a,. A
point charge +Q [C] is located at the center
of the sphere. The relative permittivity &, is

0<r<a & =¢1

A STr<a; & =&

A, <71 & =1
where 7 is the distance from the center of
the sphere.

Find D and E in the three ranges where
0<r<a,aq1<r=<a, anda, <.

Pause the video, and answer the problem. Find D and E in the three ranges.



Exercise 2.4 (Answer)

According to Exercise 2.3.1

0<r<a

D=Fa B E=3—a,
a, <r<a,

D=Far » E=z-—a,
a, <r

D—ag)—par» E = a’p a,



Exercise 3.1.2 (Homework)

Exercise 3.1.2 (Homework)

Exercise 3.1.2. This is your homework.



Exercise 3.1.2 (Homework)

Suppose a point charge +Q, [C] is placed at Py and another point charge +Q4 [C] is
located at P;. Show that the work W/ done in moving Q1 along the path denoted by

Path,, Path,, and Path, is given by:
1 1
G (_ ) _)

te \1, 1y

Path, Path, is equidistant from P,. Its

distance is r; [m].

Path, is on a radial line from P,.
Paths is equidistant from Py. Its

distance is , [m].




Exercise 3.1.2 (Homework)

(Hint) The differential work dW is given by dW = F . - dl.
The work W is an integration of dW along Path,, Path,,and Paths.

Path,




Exercise 3.1.2 (Answer)

On Path4 and Paths, the angle between F. and dlis 90°. Thus, F. - dl = 0.
The work on Path, is the same as that in straight moving from P; to P,. Thus




Exercise 3.2.4 (Homework)
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Exercise 3.2.4 (Homework)

Find the work W in moving a unit charge from a pointr =, [m] to a
point r = 1y [m], pushed by the force exerted on the unit charge due to
the point charge +Q, [C].

+Qo [C] +1 [C] 1[C]
ry [m] =x
0 "1 (m] 2 [V/m]
4ner2 47‘[87‘1



Exercise 3.2.4 (Answer)

rz P“’\ T\

4nsr2

[V
47r£r1 [V/ml

Prq 1 QO 1
W__fp E-dr——fr amer? T ardr_4ne[] 4n€<a__2>[”
r2 2

Note: W is negative. This means that the electric field did the work.



Exercise 3.3 (Homework)
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Exercise 3.3 (Homework)

An electric field intensity is given by
1
E = ;ax [V/m]

Find the work done in moving a unit

charge 1 [C]

(a) from P;(1,0) [m] to P,(2,0) [m]
along Path, and then to P,(2,1)
[m] along Path,,

(b) from P;(1,0) [m] to P3(1,1) [m]
along Path, and then to P,(2,1)
[m] along Path,.

Find the potential at P, with respect to
P;.



Exercise 3.3 (Answer)

Path,

dl=a,dl,x=1+1y=0

E=1ax E=1®
y X P,
W21:——[ E'dl
P;(1,1) P.(2,1) P,
_____________ ¢ — jl 1 dl = jl 1 dl
| B T ARt N
: 4 = —[11’1(1 + l)]% = —1In2
|
| Path
: Pathz 4t
: dl=1aydl,x=2,y=l
Pathl‘ : E=Eax
® — 6 > X
P;(1,0) P,(2,0)

11
Wy, = —j Eax-aydl
0
=0



Exercise 3.3 (Answer)

Path,
dl=aydl,x =1,y =1
E=a,
1 Ps
E=;ax W31:—J E'dl
y Pi
P3(1,1) 1;4(2, 1) = —J a, - a,dl
__________ — 0
Path, | =0
A :
: Path,
Path i dl=ad,x=1+1y=1
1
I —
| E=1ri%
® ‘ > X 1 1 1 1
Pl(].,O) PZ(Z,O) W3 =—L 1—+lax'axdl=—f0 1—+ldl

= —[In(1+ D]} =—1In2



Exercise 3.3 (Answer)

E 1
y B
P 1 1 P4(2’ 1) Path1 + Pathz
i 3( ! ) L W41:W21+W42:ln2
“““““““ Sl
Path, |
|
A : A Path3 + Path4_
|
: W41=W31+W43 =1n2
Pathg : Pathz
|
|
Path, |
>
O o —




Exercise 3.4.4 (Homework)
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Exercise 3.4.4 (Homework)

Charge is distributed with a constant

density p [C/m3] throughout a spherical
Z volume Vol of radius a [m]. The relative
permittivity &, = 1.

Show that the potential V' at P where
r < ais given by

a2 _ 7,.2 (12
_( )+p

|74 :
680 380




Exercise 3.4.4 (Answer)




Exercise 3.4.5 (Homework)
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Exercise 3.4.5 (Homework)

There is an infinite line charge
along an infinite line L with zero
thickness. The charge density is p
[C/m].

Show that the potential I/, at P,

with respect to P; is given by
r a E;
1 > >

1 V In-2

T = —In—.

2 Ar2 L7 2me Ty
P,




Exercise 3.4.5 (Answer)

From Homework 2.2

Note: you cannot move P; to infinity, because the potential
V51 goes to oo. In the case of infinite line charge, only the
potential difference between finite points can be determined.




Exercise 3.4.6 (Homework)
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Exercise 3.4.6 (Homework)

Suppose that charge is uniformly distributed over an infinite x — y plane S. The
charge density is ps [C/m?].

Show that the potential I/;; at P, with respect to P; is given by

pS
— — — .
V1 = e (Z1 Zz)

N
N
E)




Exercise 3.4.6 (Answer)

From Homework 1.6.3

E=—a
2 Z

N
N
3

__________ E is conservative. Thus

[
! y V21 - — E . dZ

Note: you cannot move P; to infinity, because the potential
/51 goes to oo. In the case of infinite surface charge, only the
potential difference between finite points can be determined.



Exercise 4.1 (Homework)
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Exercise 4.1 (Homework)

These are the electric field lines for the two cases (a) and (b). Only the upper
halves of the electric field lines are drawn.
Draw some equipotential surfaces.

C4Qa —20[c] +Q[C]
(a) (b)



Exercise 4.1 (Answer)

d
<«

Q[ —20IC] ‘ +Q[C] +Q[C]

(a) (b)



Exercise 4.2.2 (Homework)
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Exercise 4.2.2 (Homework)

There is an infinite line charge along
an infinite line L with zero thickness.
The charge density is p [C/m]. In
Homework 3.4.5, the potential I/ at
point P with respect to P; was
obtained as

p . 1N

V, = ——In=.
T e 7

Find the electric field intensity E at P
by applying the following
relationship:



Homework 4.2.2 (Answer)

av,, d p
0x _ Ox2me (Inr =In7)
D X
P &1 —_ —
V= 2—m1n7 2TET T
o, _ P Yy
ady 2Wer v
V. p z
r —=— —
< LI 0z 2merr
r a,
P
E E =-VI,

ov.  ov. oV

== ax—

C Ox ay T 9 M
__P (x Y z
_ 27;)€r$rax+ray +raz)
:27'[87';
p




Exercise 4.2.3 (Homework)
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Exercise 4.2.3 (Homework)

| Charge is distributed with a constant density

: p [C/m3] throughout an infinite cylinder Vol of
I radius a [m]. In Homework 2.3.2, the electric

: flux density was obtained as
|

|

|

|

Infinite
cylinder

, - ar (r <a)
p [C/m’] P, D D=1 )2
3 pa
| T3 /'{' L?ar (a<r)
_______ P
-7 ! —— ~=_ 2 —> . . :
ﬁ“//ﬁ 'Fdr D, Find the potential V33 at P, (r, = a) with
P - respect to P; (3 = a), and the potential V5 at
1 4y D, P; (r; < a) with respect to P; by using the
relationship
P;
Vis = —j E-dr (i=1,2).
P3

Then, Find the electric field intensity E; and E,
at P; and P, by using

Ei = —VVi (l = 1, 2)

V0l




Exercise 4.2.3 (Answer)

|
|
.. P T2 2
| ’ pa
Inflnlte | V23__j E drz_j p_ar dr
cylinder | | P3 ry 8T
: pa* *_pa® 13
: =|-—Inr| =——In—
2¢& 26 1y
| s
C m3 I
,0[ / ] i P.?./,/'Dg
| r3 / ar P1
————— b B VB“[ E-dr
- | \\\A,F: —> P3
LT 2 r D z_j“ﬁa iy PE T
: Pl ar ~ a ¢ r 2€ a
D, 21 2
' Al D e W
e e —Iin—
: 4e . 2e  a
, _p@ =) pa
: B 4e 2¢  a
Vol ;
|
|
|
|
|
I




Exercise 4.2.3 (Answer)

I
|
| The z — axis of Cartesian coordinate system is
Infinite l (r > a) chosen as the cylinder axis.
: | =
cylinder | 2o r=xz+y2
l Vg =——In—
l 2e T Vs 0 pa? pa®x
| = (Inry —Inr) = ———-—
(C/m3] ! d0x d0x 25 2err
P | P?;//'Ds V3 pa-y
| ’]"3 / a’T a = —2__
L b y Err
J— I/-<%27 : N oV, .
A Ar—e 2 a, D, 5 0
I P1 a, T~
! D, E=-VV,
Z aVr3 aVr3 aVrg
- = — ——a,———a
ax dy Y 0z °
2
_pa 4
y _Zsr(rax+ray)
V0l | - pa’r - pa?
* : ~2err  2er 7
|
|
|




Exercise 4.2.3 (Answer)

I
— | (r <a) oV, px
Infinite ' = ——
lind | p(a? —r?) 0x 2&
cylinaer : Vg = 1e Wiz _py
, —
| pa’ s oy 2
| + 2 ln a aVrz
I —
p[c/m] | P, _—p, 0z
| r3 | _—"" Qr
B ke N E=-VV,
?/lﬁ. Ty ) 'Par D, _ _aVrz . oV, a,
TP oa, T ) ox dy
: D, = (xa, + ya,)
Z _prr _pr
2er 2e T
Vol | Y
X I
|
|
|
|
|




Exercise 4.2.4 (Homework)
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Exercise 4.2.4 (Homework)

Suppose that charge is uniformly distributed over an infinite x — y plane S. The
charge density is p [C/m?]. In Homework 3.4.6, the potential V, at P with respect
to P; was derived as

V, = 2¢ (24 — 2).
Find the electric field intensity E at P by applying the following relationship:
E=-VV.
. > P
z[m] i
!
—————————— y
R
-/
Z1[m ,
1[ ]< i . .y
/
:05 [C/mZ] : //
\l./




Exercise 4.2.4 (Answer)

av,
—Z2 =0
0x
_Ps. _ av,
VZ - 26 (Zl Z) E = 0
z p oV _ _Ps
4 | 0z 2¢€
z[m] :
|
__________ E=-VV
o P / Z
ot _ o, Ve OV
z1[m]< | / y ox * oy Y o0z “
| / > o &
ps [C/m?] 26
I
S



Exercise 4.3.2 (Homework)
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Exercise 4.3.2 (Homework)

Two identical point charges Q = 1 [nC] are
placed at points P;(0,0,0) and P,(1,0,0) [m].
The relative permittivity ¢, = 1.

N Find the energy stored in this electric field.

v
=




Exercise 4.3.2 (Answer)

1 [nC]

P;(0,0,0)

1 [nC]

P,(1,0,0)

Q
V=V, =
1 12 4‘7TET‘12
0—9
=9 x10° x . =9 [V]
Q
Vo=V = 41ETHq
0—9
=9x10°x ——=9[V]



Exercise 5.1 (Homework)
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Exercise 5.1 (Homework)

Charge is distributed with a constant density

p [C/m3] throughout an infinite cylinder V of
radius a [m]. In Exercise 2.3.2, the flux density
inside and outside the cylinder was obtained as

Infinite
cylinder

P [C/mg] follows:
(r
_________ 7pa,, (r <a)
/// T -~ D D — < 2
= — a
a aT‘ Z_T'par (a < 7")
\

Find the charge inside and outside the cylinder
using the following relationship:

I
I
I
I
I
I
I
I
| V-D =np.
I
I
I
I
I
I
I



Exercise 5.1 (Answer)

Infinite
cylinder

p [C/m?]

— — —— —
—_— ~ o~

The z — axis is chosen as the axis of the cylinder.

v

\ 4

asr
r =xa, +ya,
=/x2_|_y2
T
D =7
ar o p
D=7ar=z(xax+yay)
ab, dD, p
V-D=—T4-—2L="(1+1) =
d0x dy 2( )=p



Exercise 5.1 (Answer)

: r<a
{ Infmlte J : r=xa, +ya,
cylinder : r :m
T
|
a,. = —
[c/m? o
P | 2
! p=2P, —
| =~ o 5 > (xay +ya,)
|
P I_—;“\\\ D an aDy
V:-D = +
T~ a, ox 0y
| p <r2 —2x% r*-— 2y2>
' ) z T 1
| 2 T T
z _p(2r*=2(x*+y?)
-2 r4
y _p(2r*—=2r?
| -2 r4
v 0
|
|
|
|
|




Exercise 5.2.3 (Homework)
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Exercise 5.2.3 (Homework)

Charge is distributed with a constant density
p [C/m] throughout an infinite line. This line is
placed on the central axis of an infinite hollow
cylindrical conductor. The radius of the inner
surface of the conductor is a; [m], and the
radius of the outer surface is a, [m]. Find the
static electric field intensity E and the potential
A== Vatr<a,,ay <r<a,,anda, <r,wherer
is the distance from the central axis. The
potential should be determined with respect to
the point P atr = a3 > a,.

Infinite line

b

/

=

f

Infinite hollow
cylindrical
conductor

—— e AN\
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=
W
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Exercise 5.3 (Homework)
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Exercise 5.3 (Homework)

«—| Infinite plane
charge According to the result of Exercise 1.6.3, the electric
p [C/m?] field intensity E due to an infinite plane charge on
the x — y plane with a constant p [C/m?] is given by
E = ﬁa
2e °
Y where a, is a unit vector parallel to the z —axis and
a, E
N . ‘ - normal to the plane.

If the plane is made of a conductor and the surface
charge density is p [C/m?], then the electric field
intensity E is

P

E = Eaz.

Explain the reason for the difference.




Exercise 5.3 (Answer)

OO
«—| Infinite plane O @le— Infinite plane
XS]
charge O ® conductor
2 O ®
p [C/m?] 33 2
© @ p[C/m*]
SXO)
©O®
©O®
XS]
E —a,; a; E a; E ©® a, E
< < > > > > @ @ > >
©O®
©®
Electric field lines © @| Electric field lines
from p go in both 8 8 from p go only in
the +z and —z © @| the 42z direction.
dLrections. § % Thus )
Thus _
p O b=
E=c 56
y y 5 &
l | O ®
X Z X Z SXO)
O ®
O ®
SXS)
SXO)
©O®
N\ 71\



Exercise 6.1.2 (Homework)
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Exercise 6.1.2 (Homework)

Multi-Layer Ceramic Capacitor (MLCC) _
Metallic Plate

w
L % - Dielectric Plate
W g — (Ceramic: BaTiO,)

Find the capacitance
of MILCC.

No. of Layers
= 100

g, = 1000



Exercise 6.1.2 (Answer)

Multi-Layer Ceramic Capacitor

Metallic plate

Length L = 1 [mm]

Width W =1 [mm]
Dielectrics

Thickness d = 1 [pm]

Relative Permittivity ¢, = 1000
No of Layers

n =100

} A =10"5[m?]

£,.-8A 1000 x 8.854 x 10712 x 107°
C=n 7= 100 x 106 ~ 0.89 [uF]




Exercise 6.1.3 (Homework)

Exercise 6.1.3 (Homework)



—_—

Exercise 6.1.3 (Homework)

Dielectrics

Er

This is a coaxial cable. The length of cable
is infinite. There are two concentric
cylindrical conductors inside the cable.
One is the conductor of radius a; [m],
and the other is the hollow cylinder of
inner radius a, [m].

Show that If the charge on the surface of
inner conductor is +p [C/m?], then

(a1 <7 <ay)

a,p. a
V., =—In—.
r2 c n -

Find the capacitance per unit length.

The radii are
a; = 1[mm], a, = 4[mm)].

The dielectrics is polyethylene. Its
relative permittivity ¢, = 2.2.
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Exercise 6.2.2 (Homework)
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Exercise 6.2.2 (Homework)

A voltage V, is applied to a capacitor with air as shown in the figure below on the left.
The facing surface area is A [m?], and the distance between the conductors is d [m].
Charges of +Q, [C] are stored on the surfaces of the conductors. Find the capacitance

if a dielectric material with permittivity &, and thickness d /2 [m] is inserted between
the conductors as in the figure below on the right.

A CICICICCICCISICOICICICIS A CICICISCCISICOICICICIS ‘
Vi Er d/2 [m]

SR SISISISCCCCICOC SO S —Q |©00000C00CCOOOOO




Exercise 6.2.2 (Answer)

Q
E =
" [V/m]
10 [0 OOODODODODODOODDD “ - £
e | E d/2 [m] = b5t khey
" _ 1+ = Vv
1E0  2g,4 Er [V]
—(Q |©00000000CCOOOOO
_Q
a7
_ EOA 2



Exercise 6.2.3 (Homework)
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Exercise 6.2.3 (Homework)

A voltage V), is applied to a capacitor with air as shown in the figure below on the left.
The facing surface area is 4 [m?], and the distance between the conductors is d [m].
Charges of £Q, [C] are stored on the surfaces of the conductors. What will change when
the voltage source of I/, is removed, and then the dielectric material with permittivity &,
and area A/2 [m?] is inserted between the conductors as in the figure below on the
right? Find the capacitance.

A CICICICCOCICICCRCICICIC

S SISISISSISCCCC OSSP




Exercise 6.2.4 (Answer)

Po
Po: charge density on the left Eo = g [V/m]
half surface of conductor
p: charge density on the right E = P [V/m]
half surface of conductor €réo

A conductor surface is equipotential.

V=E,d=Ed
N ]
€0 €réo

+ho i Thus

P
1 E, €r 1 E d [m] % = &
—Po —p Then

A A 80V STSOV A
Q_p°E+pE_< d T d )E €]
Thus
Enldl+ ¢
=Y _% Z[F].

|4 d 2



Exercise 6.3.2 (Homework)

Exercise 6.3.2 (Homework)



+Q

+Q

Exercise 6.3.2 (Homework)

. 4

CECHCHECHCECECEC

a
D

C 0 0 0 0 0 0 06

In a dielectric material, the
electric flux density is given by

D = pa; [C/m?]

where p(= Q/A) is the charge
density on the surface of the
conductor. Q [C] is the charge on
the surface, and A [m?] is the
surface area.

Due to the dipoles, some charges
are canceled as shown in the
bottom figure.

Show that even in this situation,
D = pa,; remains unchanged, by
applying Gauss’s law.



+Q

Exercise 6.3.2 (Homework)

Vol, CS

CICICICICICICCICICICICICICIC

G
G
G

@@@@
9,0 @ Q0 @
0000060

CIC)

CICICICICICICICICICICICIC

Hint: you can set a volume Vol,
closed surface CS as in the left
figure.

Gauss’s Law

j D-dS=] pdv
cS Vol



Exercise 6.3.2 (Answer)

Vol,CS

/ Gauss’s Law
HAICICICICICICIC CICICICICICICIC

@‘ Q Q ‘@ @ @ @ JCSD'd5=fVOlpdv
O OO0 O O @ 0
O Q0 60 6 ¢ ¢ The volume for the integral can be

aleYclclelelelcelclerelererere set as in the top figure. Vol is a

cylinder .

On the bottom surface of the
cylinder, some positive charges of
electric dipoles appear without

a being cancelled.

+Q

| O 0 0 0 0 O O




Exercise 6.4.3 (Homework)

Exercise 6.4.3 (Homework)



—_—

Exercise 6.4.3 (Homework)

Conductor
; )

Dielectric
€T

This is a coaxial cable. The length of the cable is
infinite. Inside the cable, there are two
concentric cylindrical conductors. One is the
conductor with a radius of a; [m], and the other
is the hollow cylinder with an inner radius of a,
[m]. From According to Exercise 6.1.3, the
capacitance per unit length of this concentric

cylindrical conductors is

2TE
C = [F/m]

Show that the integral of

We = EEEZ [J/m?]

2

over the gap meets the energy

1
Wy ==CV? [J/ml].

— 2



Exercise 6.4.3 (Answer)

Suppose that +p [C/m?] is charged on the
surface of inner conductor. From
Homework 6.1.3,

E=—a
er '

and by definition

2maqlp = ClV [: length

Then,
(Vol: gap region
per unit length)

1
Wr =j —cE%dv
Vol2

v |7 | |
| i /L) jaz 1 ( cv )2
A . = —& 2nrdr
i | : T Dlelictrlcs o, 2 \2mer
o A R OV
| i | | " ame
| | | | 1.,
| | | | e
| | | |
! ! ! |



Exercise 7.1.2 (Homework)

Exercise 7.1.2 (Homework)



Exercise 7.1.2 (Homework)

Find the electric field intensity E and current density J, if a drift velocity

U=15x%x10"% [m/s]

in an n-type silicon semiconductor. For n-type silicon semiconductor, the
conductivity ¢ = 2.0 X 10% [S/m] and the mobility p = 1.5 x 10~1 [m?/Vs].

Find the current I flowing through the semiconductor in the circuit below. You
can neglect the voltage drop by the connecting wires.

N-type silicon semiconductor

] / [ =1.0 [m] |
)

_ ! 0=——_ d =1 [mm]

V =0.10 [V]

Pause the video and answer the problem.



Exercise 7.1.2 (Answer)

E_U_1.5><10‘2_10X10_1 v
~ U 15x10t [V/m]

J]=0E=20%x102x1.0x10"1=20x 10! [A/m?]
N-type silicon semiconductor

[=1.0 [m]\ |

/ N T

L

I 0— d =1 [mm]
i \ !

L <

V=010[V] — E=1.0x10"1 [V/m]

[ =JS=20x%10'xmx (0.5% 1073)2 = 16 [uA]



Exercise 7.2.2 (Homework)
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Exercise 7.2.2 (Homework)

Conductor Seamzicfggul%’go[g/m] There are two concentric cylindrical

L ' conductors. One is a conductor of radius a; =
1 [mm)], and the other is a hollow cylinder of
inner radius a, = 2 [mm]. The length of

| cylinder [ = 5 [cm]. The gap between the

| | | two conductors is filled with a resistor of
| | az =2.0[em]|  conductivity o = 2.0 x 102 [S/m].
| |
|

—_——

| = - F/ ,(/f———%j/»)l ~ Find the resistance between the two
5 [cm] w /:’//2 conductors. You can neglect the resistances
| R = | of the conductors.
| a; = 1.0 [clm] |
P .
v '(:’— ,_\:j \’ 0) Note: the ccinductance of th.e a.lr is in the
\\*—T—'// order of 1071° [S/m]. No fringing effect
__________ exists.
I'TA]




Exercise 7.2.2 (Answer)

On the spherical surface of radius 7,

I
_ 2
From J = oE,
E = Vv
2morl ar [V/m]
Then
a1 I az
= —J E-dr= In— [V]
a, 2ol a4
Thus
V 1 az
R=—= n
Semiconductor I 2mol a4
o =20x10%[S/m] | II[A] _ 1 | 20% 1072
hE— Il 2T X 2.0 X 102 X 5x 1072 1.0 X 102

=1.1x 1072 [Q]



Exercise 7.3.3 (Homework)

Exercise 7.3.3 (Homework)



Exercise 7.3.3 (Homework)

I[A]T

Conductor

i

Semiconductor

There are two concentric spherical conductors.
One is a ball of radius a4, and the otheris a
shell of inner radius a, surrounding the ball.
The gap between the two conductors is filled
with a semiconductor of conductivity o.

Show that
V-J]=0

where J is a current density in the
semiconductor.



Exercise 7.3.3 (Answer)

Conductor From Exercise 7.2.2

7 Semiconductor I

. J=ok E= amor2 0T [V/m]
- Then

I
v-J=ve (047wr2 ar>

J
‘ - From Section 5.1

1 1 xa, + va, + za
V. —a, —v.(= xTY y z
r2 r2 T

_r*=3x? r?-3y* r?-3z°

= 5 T 5 T 5
r r r
I [A] T _3r* =3(x* +y*+2z°)
|| N rS
| 3r? — 3r?
V [V] = 75

=0



Exercise 7.4 (Homework)
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Exercise 7.4 (Homework)

The source voltage is sinusoidal, expressed as
follows:

v=V,sinwt [V]

where V,,, is the amplitude, and w is the
angular frequency. The capacitance of the
capacitor is C [F]. Find the current i.

Note that the current i and voltage v are
time-varying variables, so they are denoted by
lowercase letters.



Exercise 7.4 (Answer)

K
dv

i =C

—L dt
v@ C Iv =Cde;1tna)t
= wCV,, coswt [A]




Exercise 8.2.2 (Homework)
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Exercise 8.2.2 (Homework)

A magnetic point charge m4 is placed near a magnet of m, and ms as
below. m; = m, = 4.0 [uWb] and m3; = —4.0 m [uWb]. u,- = 1.0.r =

1.0 X 10! [cm] and d = 5.0 [cm]. Find the force F on m, due to m, and
ms.

m, = 4m [pWb] m, = 4m [pWb]
' "
‘ r = 10 [cm] '
d = 5.0 [cm]
v o'
X



Exercise 8.2.2 (Answer)

o Mame _ 4 X 1070 x 4t x 107° 10N
127 4npgr? — 4m x 4w x 1077 x (10 x 1072)2 ~ [mN]

F12 = —-1.0 ay [mN]

o= mpms
my = 4 [uWb] B 4mu,(r2 + d?)
F.. < .y 4m X 1076 X 41t x 107°
12 \ @ =
N 47 x 41 x 10~7 x (0.01 + 0.0025)
K Fis = 0.80 [mN]
_‘;C F13 :F13 Sin(p ax+F13 COsS @ ay
d r
BRI e

= 0.36a, + 0.72a, [mN]

F - F12 + F13 - 036ax - 028ay [mN]



Exercise 8.5.2 (Homework)
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Exercise 8.5.2 (Homework)

Show that The potential ;4 at P, with respect to P; is given by the line integral of
— H - dr from ry tor, as below. Hint: Section 3.2

l2 T2
V21=_ H‘dl=_f H’dr
0 71
Hy = —2
= a
> Amur? T
+my [Wbh] P, / P, +m, [Wb]
® < — —Q—
dl T dr a | a, \
Ty g lhb=r—r m
e H, = —a, [A/m]

0 51 | Amtury
| >




Homework 8.5.2 (Answer)

*
j =—| H-dr
/Change of variable )

l=r —1

dl=—dr, Ifl=0 thenr =n;
Ifl =1, thenr =1,

N




Exercise 8.5.3 (Homework)
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Exercise 8.5.3 (Homework)

Show that the magnetic potential V5, at P, with respect to P; due to a magnetic point
charge +m at P, is conservative. Hint: Section 3.3

2
V21=_f H'dr
™




Exercise 8.5.3 (Answer)

V,1 does not depend on the path. s The field is conservative.

my 1 1
V21=—j H-dr=—j H-dr=—j H-dr =—|———] [V]
Path4 Path, Straight Path 47—5“ r r



Exercise 9.2.1 (Homework)
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Exercise 9.2.1 (Homework)

Find the work W necessary to bring
the magnetic point charges in reverse
order: ms, m,, and mq

Then show that the energy Wy
stored in the magnetic field
generated by m1, m2, and m3 is
given by

Where V3, V5, and V5 are the potential
at m{, m,, and ms, respectively.



Exercise 9.2.1 (Answer)

The work W necessary to bring the magnetic point charges in reverse order: m5,
m,, and mq

W3 =0, W =myVa3. Wiy =myVip; + myly3
WT == W1 + W2 + W3
=myVi; + miViz +myVp3
The work W necessary to bring the charges in the order: m{, m,, and ms
Wr =mapV3 + m3V3y +m3ls;
Then
2Wr :\ mq (Vo + V13)} +\m2(V21 + V23}) +\m3 (V31 + V3}z)
| | |
myVy ma,V; msV3

A\( the work done against }
the fields of m, and m.,




Exercise 9.5.2 (Homework)
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Exercise 9.5.2 (Homework)

|

! A current density J = Ja, [A/m?] flows

: throughout an infinite cylinder V of radius
J ‘ | a [m]. According to Exercise 10.2.2,

|

|

|

|

|

|

H H={ %
//// T~ == /r' L 2T ! -
¢ a/@
\—'—T/H Show that
L
I V-B=0.
| Z
I a 4 The relative permeability u,, = 1.
I ZAK
|
I \ R
l ‘ 4
|
|74 I - Ay
|
|
|
|
|
|




Exercise 9.5.2 (Answer)




Exercise 10.1.4 (Homework)

Exercise 10.1.4 (Homework)

Exercise 10 .1.4. This is your homework.



Exercise 10.1.4 (Homework)

A current I [A] flows on a circular line
conductor of radius a [m] and
thickness O [m]. The conductor lies in
the x — y plane.

Find the magnetic field strength at
Z = z; [ml].

Hint

You can start with a differential
current Iad@. 0 is the angle from
the x —axis.



|dH |sin ¢ <

<L

Exercise 10.1.4 (Answer)

|Iad9 X aRl
4TTR?

B lad® a

an(VZ T @) VP + a?
Ia?do

- At (z% 4 a?)3/2

|dH| sin ¢ =

sin @

2T
H = f |dH| sin ¢ a, d6
0

B Ia*a,
4 (z? + a?)3/?

615"

_ la*a,
— 2(z% 4 a?)3/2

[A/m]



Exercise 10.2.4 (Homework)

Exercise 10.2.4 (Homework)



Exercise 10.2.4 (Homework)

There are two infinite concentric pipe-
shaped conductors S; and S,. The radii of
Sy and S, are a4 [m] and a, [m],
respectively. The thickness of each
conductor is zero. A current density J; =
Ja, [A/m] flows on the surface of S, and

T T - J> = —Ja, [A/m] on the surface of S,.
g /’_LN\\ I N H
4 IK% \)' a. L7 Show that
| ' (0 (r<ay)
a,/
i 5 H=<ra(p (a; =7 =< ap)
| 4 0 (a, <71)
2 =
‘]2 | ‘]1 az4 ‘
|
| N
S2 181
: “9"
|
|
|
|
|
|
|
!

(S
S
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Exercise 11.1.3 (Homework)

Exercise 11.1.3 (Homework)

Exercise 11.1 .3. This is your homework.



Exercise 11.1.3 (Homework)

|

! A current of density J = Ja, [A/m?] flows
: throughout an infinite cylinder V of radius

J ‘ | a [m]. The answer to Exercise 10.2.2 was

|

|

|

|

|

|

|

f?‘]
H > o 0<r <a)
'\v\a(p H=< 2
a
__________ /r' _]a(p (aSr)
. a/é o
\_LI'/H

Find VX H in both regionsof 0 <7r < a
anda <.

Pause the video, and answer the problem. Find the curl of H both inside and outside of
the infinite cylinder V.



Exercise 11.1.3 (Answer)

|
|
|
|
J : T
: =?(—sin<pax+coscpay)
' J
| H ==—(—ya, +xa
I '\q\a(p 2( y * * y)
| —
=TT T I~ == ~ r
o ) T
r
a, H _(9Hs _0Hy\  (0H, 0H,
“\oy 9z )™\ oz T ax |
N dH, 0H,
dx  0dy @z

= %{Oax +0a, + (1 + Da,}
:]az

asr

V X H =0 (referto Exercise 11.1.1)




Exercise 11.2 (Homework)

Exercise 11.2 (Homework)



dx

dz

Exercise 11.2 (Homework)

ds,

dCP,

Show that

(curlH) - a, =

dH,

dH,

0z

ox



Exercise 11.2 (Answer)

H - dl
A _9Sdcp
N (curlH) - a, = dzz 7
dz | 3
g Hyay j H-dl =—H,dx
I 4 4 Hya,
ds oH
451 ’ a, fH dl = ( g M )dx
, 0z
| Hza; dy
i — Y 3
PR 2 JH-dl: H,dz
} ,’/ CPszax
1 0
X JH dl = < )d
6‘
oH oH
(curlH) - a,, = 2z

0z 0x



Exercise 11.3 (Homework)
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Exercise 11.3 (Homework)

Charge is distributed with a constant density

p [C/m3] throughout a spherical volume Vol of
radius a [m]. The relative permittivity ¢, = 1.

According to Exercise 2.3.1, the
electric field intensity E was

Show that V X E = 0 both inside
and outside of Vol.



Exercise 11.3 (Answer)

0E, OE 0E, OE JdE, OE
curlE=< z_ y)ax+< = — Z)ay+< Y _ x>az

dy 0z dz  0x dx  dy
PT P
E = iar =3z (xax +ya, + zaz) = Eya, + Eya, + E,a,
curl E =10
3 3
_pa’ _ pa _
E=3 50 =33 (xa, +ya, + za,) = Exa, + Eya, + E,a,

r=\/x2+yz+z2

0E, OE, pa’ ( 0 z 0 y) _ pa’ (—3zy —3yz> _ 0

oy 0z  3e \dyr3 0zr3 3¢ \ rd >
dE, OE,

0z ox "

0By 0E. _

dx  dy



Exercise 12.1.2 (Homework)
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Exercise 12.1.2 (Homework)

Z
Show that the radius r [m] of
B = Ba, [T e
x [T] +Q [C] the circle is 1.1 [m], and the
a U=Ua, [m/s] time t [s] needed for one
I revolution is 69 [us], for the
a, - > Y ionized carbon atom in
Ay l Exercise 12.1.1
F [N]



Exercise 12.1.2 (Answer)

/ _mU
B = Ba, [T] +Q [C] " T 0B
—-27 3
. U = Ua, [m/s] _ 17x107%7 x 100 x 10
|4z 1.6 X 10719 x 10~3
= 1.1
a, :ayl g [m]
27T
F U
_ 2mx 11
X ~ 100 x 103

= 69 [us]



Exercise 12.3.2 (Homework)
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Exercise 12.3.2 (Homework)

There are two infinite line conductors placed
parallel to the z — axis. The distance between
the conductors is r [m]. The thicknesses of
conductors are assumed to be zero. In each

I [A] conductor, a current of I [A] flows to the z —

I'TA] direction. The relative permeability u,, = 1.
F F
Y — Show that the force F; on the right hand side
conductor per unit length is given by
a, [1012

Q
R(?—’
Q
<
=
2
N
=)
ﬁ

Hint: Exercise 10.1.2




Exercise 12.3.2 (Answer)

According to Exercise 10.1.2, the magnetic
field strength H at the right-hand side
conductor is

I[A
I'A] = H=——I a
2nr
Fq
- X B Then
Hol
B=,uOH=—%ax.
aZ

Thus, the force per unit length is

Q
Ri
Q
<
A
=
3
v

o _ILXB _ pol®
= = ——a.,.
1 L 2mr Y




Exercise 12.4.2 (Homework)
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Exercise 12.4.2 (Homework)

The torque of this coil does not
include the forces generated on
the conductors shown in red in

this figure.

Explain why.




Exercise 12.4.2 (Answer)




Exercise 13.2.3 (Homework)
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Exercise 13.2.3 (Homework)

[ =1,coswt [A . . ..
m [A] A current i is flowing on an infinite

straight line placed parallel to the z —
dr axis. i is given by

1

i =1,coswt [A]

Find the voltage v induced on a right
I [m] L % y triangle conductor. The triangle and the
infinite line are on the same y — z plane.

a, ™~ Zdr The distance from the infinite line to the
! ‘g — left vertex of the triangle is d [m]. The
ax(L—v a, | base and height of the triangle are [ [m].

d[m] [ [m] The relative permeability r; = 1.

A 4

A

Hint: Express the height z as a function of r.
The differential area is zdr.




Exercise 13.2.3 (Answer)

. ﬂol
i =1, coswt |A - _ 7 2
mcoswt [A] B = — 2 a,[Wb/m?|
i dr z=1r—d
dEn dd = 2Bzdr
_ Mol
=5 (r — d)dr [Wb]

d+l1 :

l

O = j Lol o~ dyar
4 2nr

,Lloi d+l1
=—[r—dlnr
2 [ n ]d

_2n<l dIn p >

do
dt

d+1
—ﬂ<l—dln )w[msinwt [V]

vV =

2T d




Exercise 13.3.2 (Homework)
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Exercise 13.3.2 (Homework)

B = B,, cos wt a,[Wb/m?]

O,
Using the result E of Exercise 13.3.1,
show that
E dB
B~ »y VXE = ——
r dt
il Hint: Exercise 11.1.3
X
aZ
ay
Ay



Exercise 13.3.2 (Answer)

B = B,, cos wt a,[Wb/m?]

O,
ML .
U
T
v
ay
Ay
a, a,

According to Exercise 13.3.1
r .
E = Eme sin wt a,.

We can apply the following result of
Homework 11.1.3:

VXH=]a,.
Thus

VX E = wB, sinwt a,
dB

Cdt



Exercise 13.3.3 (Homework)
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Exercise 13.3.3 (Homework)

[ = I, coswt [A]

d [m]

v

B
r E=Ea<p

A current i expressed as
[ = I, coswt [A]

flows through an infinite line
conductor to the direction of x — axis.
A circle conductor of radius r [m] is set
parallel to the x — y plane with its
center being d [m] away from the
infinite line.

Find the electric field intensity E on
the circle conductor. You can assume
that the radius r is short so that B is
uniform within the circle.

Find V X E.



[ = I, coswt [A]

d [m]

Exercise 13.3.3 (Answer)

v

B
r E=Ea<p

According to Exercise 13.2.2
Uoly cos wt

_ 2
B = S a,[Wb/m*].

Faraday’s Law
f -dl = d B-dS
CP dt

2nrE = —— Brr?
nr dt nr

E = il Iy t
22ndw sinwt a,

Thus

VXE —Zumwlmsinwtaz

dB
dt



Exercise 13.4.3 (Homework)
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Exercise 13.4.3 (Homework)

This problem has the same setup as in

Exercise 13.4.2.

Find the induced voltage v [V] by
applying Faraday’s law:

dod

T

where @ is the magnetic flux through
the rectangular conductor.




Exercise 13.4.2 (Answer)

-~ lysin®

b =

Blllz sin @

= Bl;l, sin wt [Wb]

<
Il

dd

Cdt
—Bl;l,w cos wt

-, wcoswt [V]



Exercise 13.5.2 (Homework)
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Exercise 13.5.2 (Homework)

B =—-B_ coswta
m-om Ty In Exercise 13.5.1, Find v if

B = —B,, cosw;ta,

And




Exercise 13.5.2 (Answer)

B, cosw;ta,

= ——X lllz sin (l)zt

—®,, w4 Sin w1t sin w,t

®,, = Bplhl,

U2=—% B’(UXdl)
CP

= @,,w, COS w4t COS Wyt

v =@, (—w;Sin wyt sin w,t
+w, COS w4t COS W5 t)

if w=w,=w,

v = w®,,(cos?wt — sin‘wt)
= wd,, cos 2wt



Exercise 14.2.2 (Homework)
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Exercise 14.2.2 (Homework)

Find the inductance of the solenoid coil per
unit length in the left figure, where r = 1 [cm].
The number of turns within a unit lengthn =
100. Assume u, = 1.

Find also the internal inductance of the
solenoid coil per unit length.

vvvvvvvvvvvvvvvv




Exercise 14.2.2 (Answer)

L = un®nr?

= 47 x 1077 x 1002 x 71 X (1072)?2
= 3.9 [uH/m]

U
r [m] Linternai = o= X 2mrn

vvvvvvvvvvvvvvvv

= X 2w X 1072 x 100
= 0.31 [uH/m]




Exercise 14.2.3 (Homework)

Exercise 14.2.3 (Homework)



Exercise 14.2.3 (Homework)

A coil is wound around a tube ring. The cross-
sectional view of the ring is rectangular, as shown
in the figure below on the left. The inner and outer
radii of the ring are r;[m] and r, [m], respectively.
The height of the rectangular tube is h [m]. The
number of turns of the coil is N. Assume that a
leakage flux H;,, is negligible, and most of the
magnetic flux lines are contained within the tube.
Note that H is not uniform within the cross-
sectional area of the rectangular tube. A current of
i [A] flows in the coil.

Find H, the flux linkage of one turn @, and the
self-inductance of the ring coil. You can neglect the
internal inductance of the conductor.

Hint: Apply Ampere’s law to the closed path of
radius r, and find a differential flux linkage
d® through the area of hdr.




Exercise 14.2.3 (Answer)
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Exercise 14.3.3 (Homework)

The black toroidal coil is the same as in Exercise
14.2.1. The red coil is wound around the toroidal
coil as shown in the figure. The number of turns of

the black toroidal coil is N1, and that of the red coil
is Nz.

Find the mutual inductance.




Exercise 14.3.3 (Answer)

The flux linkage &, across the cross sectional
area of the black coil is

UN1 iy
P, = 2
1 2TR mr

_ uNpigr?
2R

[Wb].

The flux linkage of the red coil is

Ny, @, = N, @y

Thus

_ Ny @34 _ UN{Nyr?
i1 2R
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Exercise 14.3.4 (Homework)

Ferromagnetic material The toroidal coils in this figure are
the same as in Section 14.3. The
relative permeability of the

Iy ferromagnetic core u,- is very large,

so the leakage flux outside the

core is negligible.

Find the ratio of v, /v;.

Hint:
diq
V1 = 1%
diq
Uy, = —



Exercise 14.3.4 (Answer)

diq
V1 =14 dt
Ferromagnetic material _
dl1
2=

According to Exercise 14.2.1,

N2r2
Uy L = ke’ :
1 2R
In Section 14.3,
_ uUN;Npr?
2R
r [m] Thus
vy Ly Ny

v, M N,
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Exercise 14.4 .3. This is your homework.



Exercise 14.4 (Homework)

According to Exercise 14.2, the inductance L of this
toroidal coil is given by

_ uN?r?
2R’

where N represents the number of turns in the
coil.

Derive the energy stored in this toroidal coil by
using the energy per unit volume, and
determine the inductance of this coil so that it
satisfies the above equation.



Exercise 14.4 (Answer)

The energy stored in the toroidal coil is

2
1 (Ni)ZZRx ,
oM \ogR) TR

2..2
2 2R

1
E =j —uH? dv
Vol
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Exercise 15.1.3 (Homework)

Two point charges are placed on the z — axis

with a distance of d [m]. An AC voltage v [V] is
X +Q [C] applied across the points, and the charges +0Q
! [C] vary as follows:
d/2 Q = Q,, coswt.
v [V] C_f) P The dielectric material in the space has a
S e, permittivity of ¢.
Tier M
d/2 | 1. Find the electric flux density D at the
central point P between the two point
1,_: charges.
T —Q [C] 2. Find the magnetic field strength H along a
closed path CP of radius r [m]. The center
a, of CP is at P, and the surface S bounded

by CP is perpendicular to the z — axis. You
can assume that D is constant on S.
3. Find the curl of H.



Exercise 15.1.3 (Answer)

1.
l p=——20 4 -2
o +Q [C] i (Q)Z z wd? ?
2
d/2 i )
! dD
v [V] (D S;p\g/ H dl:j %-ds
D e T CP s
CP ' dD
a/2 | 2nrH = nr? —
! dt
‘_T —Q [C] H - rdD
B 2dt o
a, = Wme sin wt a,,



Exercise 15.1.3 (Answer)

>y

S\

The x,y components of H are

= —|H|sin¢@ = —|H|X = dyz wQ,, sin wt

H,
X
H, = |H|cos¢p = IHI; dszmsmwt

Thus,

a, a, a,
o d 0

dx 0dy 0z
H, H, H,

mesmwt
= + 1)a
T[d ( ) Z

2w0Q,, sin wt
- d? @z
B 2 dQ

7d? dt 7
aD

=E'

VXH=
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Exercise 15.3 (Homework)

Show that the equations below also satisfy
both Ampere’s law and Faraday’s law.

a Z
E=Emcosa)(z+t)ax

H = —Hmcosa)(§+t)ay

Find the direction of propagation of E and
> Z H.




Exercise 15.3 (Answer)

E=Emcosw(§+t)ax

H = —Hmcosw(§+t)ay

X
E
« |7

Direction of

propagation a,
A aZ

= > 7
ay
y

dE _ Z
o T —&owkE,, sin w (E + t) a,
a, a, a,
d 0d 0 oH,
VXH =1 o 0zZ|T o ™
0 H, O
W _ z
= —?Hmsmw(z+ t) a,
dH _ Z
—Uo I = —UowH,, sinw (E + t) a,

a, a, a,
o 9 | ok,

VXE= 1oy oy | oz ™
E. 0 O
=—2E sinw(z+t)a
c M C X
Z dz
-+t)=0 _ = —
G)(C ) # dt ¢
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Exercise 15.4 (Homework)

A
b
b
,
Y —
i, - - j'_"_"n.,_
N - 2
-\x r#d_,d-r /T -"f-"\\
L - * A
- '
\'\ .-'J-F- dH}I; .-".' {
- P |
5 -
* - — < () |
-
\ - dt ‘ !
b - ,-"' |
Y _.d"- - I
N, - - '_,"
Ao T o !If
Y s -
- ; >Z
= N / |\\ A
- " Zy - ~zy +dz |/
.d"-- ] ¥
- "H | J |
‘_'_.-'-- \\ : / i
- |
- % | S |
__'_.-F' By ] s l.
]
= - '\\ H r 1
= &
-7 \ ] i’ '
- L
- Y dhx ! /! 5

Explain the interaction of £, and H, when both E, and H,, are
decreasing over time, as shown at z = z, in the figure below.



Exercise 15.4 (Answer)
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