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

1. The surface of a sphere of radius a (centered at the origin) is charged with auniform surface charge density 6.

(a) Calculate the total charge Q’ on the sphere. (5/20)
(b) Find the force exerted by this charge distribution on a point charge qlocated on the z axis if:

(i) z > a (10/20)
(ii) 2 < a (5/20)

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

(a) Calculate the magnetic induction (13’) at a point located on the z-axis if aCurrent I’ flows around the square.

(15/20)

for the magnetic
. 2J2,u I ’(b) Show that your answer glves the result

~750—
induction at the center of the square.

(5/20)
...5/~
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A certain B field is given in cylindrical coordinates by:

3:0 0<p<a
— I p2 — a2 A

27w
(

b2 _ a2
)¢ p

E = L01? 1) < p
750

(a) Find the current density j everywhere. (15/20)
(b) How might one produce such a field?

0 (5/20)

The region between two cylinders (coaxial and infinite, as shown in the followingfigure) is filled with charge of density pch = Aeflp. Calculate E everywhere. 
(20/20)

An infinitely long, thin Wire carrying current I is surrounded coaxially by acylindrical shell (radii a and b) of l.i.h magnetic material of susceptibility x.
(a) Find E and F1 everywhere. '

(10/20)
(b) Find the distn'bution ofmagnetisation current densities. (10/20)

...6/-
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Mathematical Guidance

Possibly Useful Integrals:
I

(Z - WW!I __ I(Z—r z+r
_1(r2+22—22r,u)3/2 22 PW! W 
l dy 1

J02 +22 -22m)”2 =;({z+rl—Lz—rj)
  _.

dx 1 x7.(x2+az)% a (x2+a2)%

Ixeaxdx = e”
[35-— i2]a a

Useful Constants   2

k=4—1—=8.99x109 NC'Z” e=1.60x10‘19C2250

C2
_ T-60 =8.85x10“‘2 N m2 #0 =4gx10 7.1?

...7/-
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Vector Calculus
Cartesian Coordinates

6 Adz+A§u+Aéhu: ~ —— 2——xéc ya} 01*

_ a 034 034 5AV A= X+Ty+Té: 0y 02

~ _ d1 d4 5—}; 031 6A: 0'34v A=“-—‘———x
x(@ 0,2 +y<-— 5mg}dc)

dr: dxdydz dax = idydz day = idxdz dag = idxdy
Cylindrical Coordinates
- A1 5a 07::V = — ——— *—u

070 ¢p§¢ +20}
- A 1 5’ 10% 5Av.A=—— ‘——pap(p’4p)+ 5W0?
~ — AMA 5A AaA 031A 0" 15VxA=p— Z~—— + <+’—-)+z[——(p¢)——~95¢ 0"!

070 5/0 5¢
dr=pdpd¢dz dap=ipd¢dz da¢=idpdz dag =ipdpd¢

=cos¢£+sin¢fi é=—sin¢£+cos¢fz
Sgherical Coordinates
a (3)1 «1074 A 1 071v =“~ ——— ——”

réf+6r§6+¢rsin6§¢
{72—i-ZUA + 1-i( 6A +

1 §A¢3203» r
rsin 95.9 31“ )

rsin6 a¢
.. _ 0741 5A a Aa

'

:A
v = —

6A ~- — —XA
rsin9[of9 (3m )

0¢]+ r[sim9_—0'21} 5:04” )]+r [é‘r
d1: r25in6drdad¢ da, = +r23in6d6d¢ dag— + rsianrd¢ da¢ = irdrdQ

Ar=sinacos¢x+sm65in¢fi+cosfié 6 =
cosflcos¢f+cos€sin¢fz—sin6’2

¢§ = ~sin¢f +cos¢fi

...8/-
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Important Equations

Maxwell’s Equations:

V5=pf fi-Ezo §x5=fl 6XH=J +52
Lorentz Force: 1:" =q(E +17 x B)

— fl 5Equation of Continuity: V. J + 104’ — Coulomb’sLaw: 12 = Z qq, R’ (for a collection Ofpoint charges)47:80R?

F = q
I10“

)Ra’s’
47Z6‘0 1; R3
 (for a line charge distribution)

I7; = 4L 304155231
(for a surface charge distribution)7(6‘0 S,

_1’00ma]? (for a volume charge distribution)‘7
47:56:01,

~ aElectric Field: E = ——

9

Electric Flux: (Dc 2 IE odc‘i

Gauss’ Law: (ii -d£1' =
2Q;

(integral form)
0

6 - E = 8(5) (differential form)
‘90

...9/—
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Scalar Potential:

Potential Energy:

[ZCT 304E] - 9 _

¢(F) = Z q,- (for a collection ofpoint charges), 47:60 RI.

9507) = _I_ IM (for a line charge distn'bution)47:80 L' R

¢(f’) = -—1—
LM (for a surface charge distribution)472'80

' R

- _ _L p(F’)d2"mn— L—jr‘ (for a volume charge distribution)4x50

Ue (F) = q¢(f’) (for an isolated point charge)

(for a collection ofpoint charges)%=%Z%¢@)

U8“1_
5 (for a line charge distn'bution)[L M?M(ads

Ue-1_
5 (for a surface charge distn'bution)L0(F)¢(F)da

Ue :
21 L p(?)¢(?)d2' (for a volume charge distribution)

1_ 2
ue —_€OE2 (energy density in an electric field)

U6 2 uedr (total energy)

Multipole Moments: Q = Zq, or Q = Ixids or Q 2 fade: or Q = Ipdr (monopole)I 1,
S V

52291;, or fi= [/1de or 13: fafda or 15: [,0de (dipole)’ L S V -

Boundary Conditions: 5,2 — 3,1 = 0 and 23,,2 —
En1 ~_-. 3 (electric field)

‘90

¢2 = Q (scalar potential) ,

B”2 —
B"1 = 0 and 3,2 — E” = #01? x 1% (magnetic induction)

...10/—
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Electricity in Matter: ,0 = pf + pb (free charge and bound charge)

pb = 47-}; and 0-,) = 15,13 (bound charge densities)
f) =

£0.75— + (definition of electn'c displacement)

D = KeEOE = 52 (for an l.i.h. dielectric)

f) ~ E (energy density in matter)

mD-dé =Qm and V5 =pf (Gauss’ Laws for D)

Electric Current: I = 92 = J7 ~dc3 = II? ds‘r

J 2 p17 I? = 09' (cm-rent density)

Id? 2 [Eda = id? (current elements)
H. —

Jf = 0E (Ohm’s Law)

1d§x(1'a:§'x1§) . .
q

_ fiMagnetostatlc Force. FC._>C —

4” g? R2

a I’d" 1% 'Magnetic Induction: B =
45°- cjl—%— (for a filamentary current)7: C.

(for a surface current)

(for a volume current)

Ampere’s Law:
41?

- d§ = #0], (integral form)

6 x E = #03 (differential form)

...11/-
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Vector Potential:

Magnetic Flux:

Faraday’s Law:

I

Magnetism in Matter: J
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B’ = 6 x 21

X = fl
cf

1 d5
(for a filamentary current)7: C, R

X = &
J;

K da
(for a surface current)72:

’ R

Z = £1
J:

J d?
(for a volume current)7: ’ R

(Db = [3’ d5

5, — E; -d§ =
-62)” (integral form)

_ _ _§j§
. .V x E = -— (deferentlal form)

3/ + 3,” (free current plus magnetisation current)

3m 2 6 x A? (magnetisationvolume current density)

K 2 A? x i5 (magnetisationsurfacet density)

R 2 #0 (H+ [1) (definition ofmagnetic field)

B 2 yeah 1171) = #00 + gmfl? = M? (for 1.1.11. material)

- 000 0 000 -

128  


