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Question one

According to Coulomb’s law, the electric field E ata space point P : (r , 6,¢) produced

by a point charge ¢ situated at the origin is E= e, 4_q2_ .Using ®=- : Eedl
TEYF ()

where P, :(r, ,6,,4,) is the zero potential reference point and carrying out the integration
to show that its associated electric potential @ is © = —9 if g —> 0
dmeyr
(7 marks)

For an electric dipole situated at the origin , i.e., + ¢ situatedat z=— & - g situated

at z=- % along z-—axis, the electric potential @ at the space point P : (r , 6,¢)

due to this dipoleis ® =@, + ®, where @, = Y9 ad Q, = ——9
47mey R 47 ey R,

b

as depicted in the following diagram
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@) for r>>d ,use R =~r- % cos(9) and R, ~r + % cos(#) , deduce that

O~ fco—s(é’z where p=gd isthe electric dipole moment. (10 marks)
TEYT

(i) from @ in(b)(i), deduce that the electric field at far away point from the electric
dipole source situated at the origin given in the above diagram is

E= % (€, 2cos(8)+¢, sin(6)) (8 marks)
dmreyr
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Question two

Consider depositing some free charges of the same sign onto a good conductor.

®

(i)

Explain why these free charges eventually settled on the conductor’s surface and
the electric field inside the conductor is zero. Also explain why the conductor
surface becomes an equal potential surface in electrostatic case?  (2+2 marks)
Draw a tiny pill box shape closed surface across the conductor’s surface and apply
the integral form of electric Gauss law to deduce that the normal component of the
electric field at any point on the conductor’s surface E, is related to the surface

charge density at the same point p, by therelationof E, = Py where the normal
£

direction is pointing from the inside toward the outside of the conductor, if the
conductor is embedded in a dielectric medium of permittivity ¢ . (6 marks)

Consider a two-parallel conducting thin plate capacitor system as shown in the following
diagram

3
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where

A s the plate surface area, d is the plate separation and & is the electric

permittivity of the insulating material layer in-between the two plates.

@)

(i)

If the total electric charge — Q & + @ are uniformly deposited on the
left (x = 0) & right (x = d) conducting plate surfaces facing each other, use the
boundary condition in (a) and find the electric field on both conducting surface and-

show that they are the same. ( 6 marks)

Assuming this same electric field E exist in the regime between two conducting
. plates,use V =- :Od Eedl tofind the potential difference ¥ in between the

two plates and thus write down the capacitance C of this system in terms of

e ,d & A and show that C=%. (6 marks)

(iif)

If given the valuesof ¢=4¢g, , d=5 cm & A=200 cm’ find the value of
C. (3 marks)
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Question three

. . i RS m . . -
An electron is shot with an initial velocity ¥, =&, 10° — into a region containing an
s

uniform magnetic field B=-¢,107* i as shown in the figure below.

@ Assuming the magnetic field to be uniform over a sufficiently large region of space,
show your reasoning as to why this electron should take a circular path, then
determine the location and radius of this circle. ( 6 marks)

(i)  Determine what vector electric field intensity E will just overcome the effect of
the given magnetic field to cause the electron to travel in a straight line along the x
axis. (3 marks )

A thin conducting wire of length 2 L , with its central axis coinciding with the z axis and

its centre point coinciding with the origin, carries a steady total current / along positive

z direction as shown in the figure below.
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(ii)

Question three (continued)

Since the given current source is only along z axis thus its produced vector
potential at a field point P (x, 0, 0) is also having only z component 4, ,i.e.,

o Z'=+ ]d' '=+ '
A=e, A, where Az———I LM:ZI LM ldz

carry out the above integral for 4, about z’ and show that

4 K Iln[L+1/L2+x2}

2 ( 10 marks)
2 x

(Hint : set z'=x tan(g) , _[ sec(d) d 8 = In(sec(p) + tan(8)) )

- I N -
For L>>x ,ie, I +x* > L, use A=e2‘u°—1n[&J and B=Vx4 to

2 X
find the magnetic field B at the field point and show that
;§=é'yﬂ°—[ . ( 6 marks )
27w x
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Question four

A very long straight wire of cross sectionradius a with a permeability u , with its

central axis coinciding with the z — axis , carries an uniform current density in the positive
z direction with the total static current of I ,i.e., the current density inside the wire is

>, as shown in the diagram below :
Ta

Use the integral Ampere law and draw proper closed loops to find B in terms of
p,a & I for 0<p<a & p=za regions. (12 marks)

Placing a rectangular conducting loop of dimension b x ¢ a distance of d (> a) away

from the central axis of the wire as shown in the diagram in (a) , i.e., the inner region
confined by the rectangular loop in clockwise sense is
S:d<p<d+b , 0<z<c & ds=a,dpdz,

1 find the total magnetic flux @, passing through the inner region confined by the
rectangular loop, i.e., @, = L Bed5 ,intermsof My, b,c,d &1 . Also

write down the mutual inductance A between the given rectangular loop and the

long straight wire and show that M = ;0 X In[d; b) XC . ( 6 marks)
n .

(i) Ifgiventhevaluesof =5 cm , c=8 cm & d =10 cm find the value of
M . Further if the wire carries a sinusoidal current I(t)=2sin(9¢) 4 instead of

carrying a static current / , find the induced e.m.f. in the rectangular conducting
loop . (7 marks)
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Question five

When a AC voltage source V() =V, sin(w?) is connected to a RLC circuit, be it in

parallel or in series, this leads to a sinusoidal current flowing through each circuit element
in a form Of Ielemem (t) = Ielement Sin(a)t + ¢elemem) *

(1) For positive ¢,,,,, value case, draw [, .. (t) VSs. (a)t) diagram for at least
one period and indicate/label 1., & @..men OD your drawn diagram.
(3 marks)

(i1) Since 1, (t) =1 oment sin(a)t + ¢e,mm) is the imaginary part of

Ly ()= I, €% where i=,—1 ,thenwhatis |

element
I

cemeni & Puemene a0d also what is the main advantage of using complex scheme

to solve sinusoidal driving voltage source circuit problems? (4 marks)
Connect an AC voltage source V,,(t) =V, sin(w?) to a RC circuit in series as shown

in terms of

below:
' — I
i.___.._/vwki | /\
R |
, Q@)
VO  C I vt
The circuit equation is V,,,(t):R%f’h% ------ 1) where 1(t)=d§t(’) .

@) Substituting ¥, () & Q(t) by V, ¢'®* & Qe'®" respectively into eq.(1) to
solve for Q intermsof ¥, , R , C & ® and show that
A V.
O=—-—2— .o (2)

ia)R+—l—

(4 marks)



(i)

(iif)

(v)

Question five (continued)

Convert Q in eq.(2) into its polar form, i.e., find the magnitude and phase angle
of O interms of Vo » R, C & @ and show that
O=0Q. e'* where

V.
Q0. = 9 = €))
(2)2 R2 + F
e z_tan-’(mgc) ...... 4)
(5 marks )
13
. . . . Vou: (tl here is C
The gain of any AC circuit G isdefinedas G= > ,
V. (0) 4
deduce that for our given circuit
G= L (5) where w=27x f
Jer fRCY +1
(4 marks)

Calculate the values of G for the two quite different input frequencies
f =600 Hz & 600 kHz respectivelyifgiven R=100 Q@ & C=5 uF.

Compare these two results and explain why this circuit serves as a low-pass filter.
(5 marks)



Useful informatios
e=1.6x10"Y C

m,=9.1x10"" kg
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divergence theorem

(” x F ) ods Stokes' theorem
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where F=g, F,+& F,+¢ F,=¢,F,+é,F,+¢,F,=¢ F,+¢,F,+¢, F, and

dl =2,dx+8,dy+&,dz=8,dp+8, pdp+¢,dz=¢ dr+é,rd0+&,rsin(0)d¢
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