UNIVERSITI SAINS MALAYSIA

Peperiksaan Semester Kedua
Sidang Akademik 2002/2003

Februari — Mac 2003

ZCT 304E/3 - Keelektrikan dan Kemagnetan I1

Masa : 3 jam

Sila pastikan bahawa kertas peperiksaan ini mengandungi SEBELAS muka surat yang
bercetak sebelum anda memulakan peperiksaan ini.

Jawab kesemua LIMA soalan. Pelajar dibenarkan menjawab semua soalan dalam bahasa
Inggeris ATAU bahasa Malaysia ATAU kombinasi kedua-duanya.

1. Permukaan suatu sfera berjejari a (pusatnya pada asalan koordinat) dicaskan
dengan ketumpatan cas permukaan seragam G.

(@)  Hitung jumlah cas Q' pada sfera itu. (5/20)

(b)  Dapatkan daya yang dihasilkan oleh taburan cas ini terhadap suatu cas titik
q terletak pada paksi z jikalau:
Hz>a (10/20)
(i)z<a (5/20)

2. Suatu segi empat sama, sisinya a, terletak pada satah xy dengan pusatnya pada
asalan koordinat.

(@)  Hitung pengaruhan magnet ( B ) pada suatu titik yang terletak pada paksi z

jikalau arus sebanyak I mengalir mengelilingi segi empat itu.
(15/20)
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(b)  Tunjukkan bahawa jawapan anda akan memberi keputusan 22p,I" bagi
ma
pengaruban pada pusat segi empat itu.

(5/20)
Suatu medan B diberi dalam sistem koordinat silinderan sebagai:
B=0 0<p<a
= _ Ml p’-a’ s
B= <p<b
2 ( FEam )¢ a<p
E = _‘{‘.Q.{& b < p
27p
(@  Dapatkan ketumpatan arus J di semua tempat. (1520)
(b) Bagaimanakah menghasilkan medan seperti ini? (5/20)

Kawasan di antara dua silinder (sepaksi dan panjang tak terhingga, seperti yang
ditunjukkan dalam gambarajah berikut) diisi dengan cas yang mempunyai
ketumpatan ps = 4. Hitung £ di semua tempat.

(20/20)
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Seutas dawai, panjang tak terhingga, yang membawa arus /, dikelilingi oleh petala
silinderan (jejari-jejari @ dan b) yang sepaksi dengannya. Petala itu diperbuat
daripada bahan magnet 1.i.h yang mempunyai kerentanan .

(@  Dapatkan B dan A di semua tempat. (10/20)

(b)  Hitungkan ketumpatan-ketumpatan arus pemagnetan. (10/20)
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UNIVERSITI SAINS MALAYSIA

Second Semester Examination
2002/2003 Academic Session

February - March 2003

ZCT 304E/3 - Electricity and Magnetism II

Time : 3 hours

Please check that the examination paper consists of ELEVEN printed pages before you
commence this examination.

Answer all FIVE questions. Students are allowed to answer all questions in English OR
bahasa Malaysia OR combination.. of both.

1. The surface of a sphere of radius a (centered at the origin) is charged with a

uniform surface charge density c.
(@  Calculate the total charge Q' on the sphere. (5/20)
Find the force exerted by this charge distribution on a point charge g

®

located on the z axis if:
6)) z>a (10/20)
@) =z<a A (5/20)

2. A square of side a is located in the xy plane with its center at the origin.

(@)

®

Calculate the magnetic induction (B ) at a point located on the z-axis if a
current I’ flows around the square.
(15/20)

Show that your answer gives the result Z—M for the magnetic
m

induction at the center of the square.
(5/20)
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3. A certain B field is given in cylindrical coordinates by:

B=0 0<p<a
=_ Ml p’-a’ -
B="* (- <p<ph
”p( PER )¢ a<p
27p
(@  Find the current density J everywhere. (15/20)
(b)  How might one produce such a field? (5/20)

4, The region between two cylinders (coaxial and infinite, as shown in the following
figure) is filled with charge of density ps =4e™?. Calculate £ everywhere.

(20/20)

5. An infinitely long, thin wire carrying current / is surrounded coaxially by a
cylindrical shell (radii a and b) of 1.i.h magnetic material of susceptibility y.

(@) - Find B and H everywhere. (10/20)

(b)  Find the distribution of magnetisation current densities.  (10/20)
...6/-
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Mathematical Guidance
Possibly Useful Integrals:
i‘ (z-ru)du ____}__(z r z+r
(2 + 2% = 22zrp)*? lz=7| |z+7]
Y 1
=—(z+r]-|z-7))
J:(rz +2* er,u)“2 zr
j____d"_.___ T -
@ +atyt @ (x?+a?)t
Ixe”‘dx =e* [i—-—l—]
a a
Useful Constants
2
k=—— =899x10° 1 e=160x10"°C
4z, c?
4, C 2 T-m
& =885x10 u—m y0=4ﬂ'x1077
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Vector Calculus

Cartesian Coordinates

Vu= xé‘l—‘-+ -0:u-+z-@-
o o O O A
V-4= é}c+0,j’+0,:z

ooz Ty Ok A A
VxA—x(o,y- o"z)+y(o”z c’i\: @ o’k

dt=dxdydz da, = tdydz da,=*dxdz da, = tdxdy
Cylindrical Coordinates

- A A, A 14
V A= el z (4 z —_————p
X p(p 7y &)+¢(a 5 )+ 2] Py (p4,) 5“]

dr= pdpdgdz = tpd@dz day=+tdpdz da; = tpdpd¢
D =cos ¢k +singp $ = —sin ¢f + cosgp

Spherical Coordinates

Gupd gl o 1 &
“Era T e rsiné Gp

P 1 A
—_— —2
*rsme a0 SR TGS

it ) -2 OB 051810 )2

dr="sinbdrdéd¢  da, = +r’sin@d6d¢ dag=*trsindd$ day=trdrdd
F =sinf cos gx +sin @ sin gy +cos & é=cos€cos¢x“+cos€sin¢b‘z—sin92

$ = —sin gt +cos g
...8/-
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Impeortant Equations
Maxwell’s Equations:
- - = = = —(B = = D
Lorentz Force: F=q(E+vxB)

Equation of Continuity: v.J t % =0

Coulomb’s Law: I?q = Zfi—% (for a collection of point charges)

0*%

Fy =L [2ORE or aline charge distribution)
4me, ;. R

F =24 .( olr )fida (for a surface charge distribution)
! 4ne, R

s

e (for a volume charge distribution)

=~ g p(F)HRdr
F=——]
:
Electric Field: E=1%
q

Electric Flux: O = j E.da

Gauss’ Law: ciE' -da = 9 (integral form)

V-E= A7) (differential form)

9/~
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Scalar Potential:

Potential Energy:
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=3 Zii (for a collection of point charges)

i 0%

HF) = : i AT )ds (for a line charge distribution)
4re, ¥ R

0

1 L, O'(F'R?da'

(for a surface charge distribution)

PH(F) = 1 I, p(rlgd‘r (for a volume charge distribution)

4re,
U,(F)=qe¢(F) (for an isolated point charge)
U,= %‘Zq, ¢.(F) (for a collection of point charges)
U, = ?12— LA(F )P(7)ds (fora Iiné charge distribution)
U, = % La(?)¢(?)da (for a surface charge distribution)
U,= -21— L pFYHr)dr (for a volume charge distribution)

u, = —;—eoE 2 (energy density in an electric field)

U,= |udr (total energy)

Multipole Moments: O = Zq,. orQ= j},ds or O= Iada or O= j' pdr (monopole)
i L s 4

p=Y.q7 or p= [A7ds or p= [oda or p= [pFdr (dipole)
i L s v

Boundary Conditions: E,-E,=0and E ,-E, = z (electric field)

&

¢, = ¢ (scalar potential)

B,-B,=0and B,-B,=uKxh (magnetic induction)
...10/-
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Electricity in Matter: p=p;+p, (freecharge and bound charge)
Py = ~V-P and o, = P-# (bound charge densities)
D=¢g,E + P (definition of electric displacement)

D=x,s,E =¢E (foranlih. dielectric)

e=—;—13 -E  (energy density in matter)

=h

D-di=Q,, and V-D=p, (Gauss’ Laws for D)
Electric Current: 1= - jj-d5= jf{'-d.s?
dr

J=pgv K=o0v (current density)
Ids = Kda = Jdr (current elements)
J, =ok (Ohm’s Law)

Id§x( ’d.‘s'"xR)

Magnetostatic Force: Fose = ‘f ‘5

Magnetic Induction: B = %—’— cf -I—‘%—iﬁ (for a filamentary current)
s

L —Ig—f—R—ég— (for a surface current)

(for a volume current)
Ampere’s Law: 4 B-ds=p,l (integral form)

VxB= Hod (differential form)
w.11/-
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Vector Potential: B=Vx4

A=20d—— (for a filamentary current)
zsH R
A= Z-zo; L = (for a surface current)
A=t I, Jdr (for a volume current)
z¥ R
Magnetic Flux: O, = I B-da
= _d(p b .
Faraday’s Law: g = cf E -ds= = (integral form)
= = B : .
VxE= = (differential form)
Magnetism in Matter: J=J,+J, (free current plus magnetisation current)
J, = Vx M (magnetisation volume current density)

i

=Mx# (magnetisation surfacet density)
B=p(H+ M) (definition of magnetic field)

B=pu(H+M)=pu(1+x,)H = uH (forLih. material)
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