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SPH 202: ELECTRICITY AND MAGNETISM II

Instruction to Candidates;
v Attempt ALL questions in section A and ANY two questions from section B.

Useful constants:
u, »4rx107Tmd™" | &, =8.85%107"" Fm™

: ORY
1:
What is capacitance of a capacitor? [ Lmrk)
Write down the integral form of the Gauss electromagpetic theorem for a point charge. [2mrks)
Name two properties that affect the woek fussction of dielectrics, [2mrks]
Distinguish between a charge snd & saturation field. [2mrks] z
State Lenz's law and write down the magnetic Geld equaticn inside 2 solenoid? [2mrks]
Define electromagnetic oscillations. [1mrk]
Name two sxamples of ferroelectrics. [1mek]
Name any two divisions of magnetics. [2mrks]
What is an electric dipole moment? [1mrk]
State and explain two factars responsible for the origin of magnetic moments. [Zmrks)
Oscillntor circuits are used (o peoduce electronic tones, for example in battery powered doarbells; they &re
used in timing devices and have many cther usefial applications. They are often made using capacitors and
inductors. How is energy stored in an inductoe? [2mrk]
A long solencid with lengeh and a radius R consists of N tumns of wire. A cusrent [ passes threugh the
coll. Find the energy stared in the system. [2mrks)
Define Locentz force. [1mrk]
Write down the,toeque equation on a carent loop and define all the symbols used. [2mrks]
o 1fa conducting molecular sphere field has & molecular mdius of a = 107 mum, find the molecularfatamic
diclectric susceptibility of the conducting molecolar sphere. [2mrks]

p. You are given polarization, P far a dense gas 48 P-ae,NE'wiﬂ:E’:E+3P
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. Use the definition

s‘
of displacement vectar D) to derive the Clausius-Mosotti farmuls given by M=a~.wﬁm

’ r

" &, = i the relative permittivity and the otiec symbols having their usnal meaning. [3meks]
80
q RLC circuits bave many uses, for example they are used s¢ the taning circuit in radics, and as frequency
mmmwodmmiulmul’adoorbdlemalnspowedR[Edrmitisdlmhl".lbekxw.
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Fig. 1: RLC circuil

The power supply is 240V (RMS) with a frequency of SOz . The resistor has a resistance of 5002, the
capacitor has a capacitance of 50247 sad the inductor has an indoctance of 0.05/7 . Caleulate both the
resonant frequency and the quality (Q) fictor for the circuit. [2mwks) o 2
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ECTION B: NLY

Question 2: 20mrks
State Gauss” law. [2mrks]

A second year University Physis student was investigating Gauss' law. He filled 2 metal can with
polystyrenc balls and placed it ca the generator. He tumned the generstor on. Explain what happesed. He
Iater removed the metal can and replaced it with the plastic one and repeated the experiment. Explain what
happened this time when be tumed the generstor on. {3enrks]

¢ Under Kirchhoff's Loop rale medified for an inductor, we are given RL circuit described by the equation

o

dl
§=IR=L~——-m0
dt
Find the geneml expression foc J(f) from the above equation using the initial conditions [ =0 when
t = 0. [10mrks]
d.  Study the current resonance in Fig. 2 below and answer the questions that ollow;
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Fig. 2: LCR circuit with current resenance
1f the current rescoance flowing through the cireuit in Fig, 2 is given by
R—ial
Twi 4= m+fﬂ)€)
Show that the sbove equalion can al8o be written as
UR ., U

Bro'lk  Rtol ¥
Where ¥ = jal — @C(R? + @12 )} [Smeks)

Il +1 .=

Name the three Gaussian surfaces, [3meks)

Magnetic Resonance Imaging (MRI) is used to produce images of the Interice of the body, especially the
brain. The patient is strapped down tightly to a flat stretcher which is then slid into the MRI scanner. The
mmwwnmasWMcﬁddmchumedmum

i Why are patients asked to remove all jewellery and any clothing with zips or metal buttons ar
clips? [ 1mek)

il The bwman body has been described as a bag of salt water, because it contains a great deal of flukd
with dissolved jons. A woman is in an MRI scanner which can produce a field of 1.5, The
largest surface area through which magnetic flux passes is 0.04m® and has a noemal which is
perallel to the directicn of the field. If the maximum avernge induced e.m.fis to be kepe less than
0.0V, how leag must it take far the machine to be powered down from maximum field to zero?
[Zmeis)
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¢ [n LO/RC circuits, the total energy of the system is given by U = U, + U, ﬂ-zq-c--i-%.when i the
current and other symbols have their usual mesning,

i.  Differentiste the total energy equation 2bove with respect to time (t) such that %=0 [2oneks)

ii, Using the definition of curvent asi=%.n—vnlubedltfmnm equation in (i) above in
simplified form in terms of ¢, C, L and ¢ only. [3mrks]

i, lfmudm-panannioaonimiuimbyq-q..,eos(w,:-ﬁ).wmm,-yz—c.
lo =@, show that the total energy of the system can be expressed as

2
UnlU,+U, = e [drmrks]

d. Coasider an LCRcirwitconn:ggn source of extraneous em.{ as shown in Fig. 3 below.
R
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Fig. 3: An LCR circuit

The equanion for the cusrent in the Grcust of Fig. 3 has the form IR=U—L£—Q

da C
Differentiate the abave equation with respect to time (1) [1mek]
If Uand [varies according tol/(f) = U e I(f) =1 e" respectively, show that the

differential equation i (i) above can be written ss JZZ =0/, whnZ=R+l[at-é).

{4mrks]
uestion 4: 20mr!
a.  Define the following terms [3mrks]
i, Perroelectrics
#.  Magnetics

il Magnetic flux
State Faraday's law, [2mrks)
Write down the equation for the magnirode of magnetic force on a carrent carying candactar defiming all
the symbols in it. [2Zmrks]
State any three properties of a magnetic foroe. [3mrks]
Electric shock can injure and harm. Howewer, it caa 2lso be used to revive people using a cardise
defibrillatee which sends an electrical impulse to the beart to re-stact it, for example after 2 heart attack. A
certain cardiac defibrillator coesists of & capacitor charged up to 1.0x 10*V with 2 total stored eneegy of
4500,

i.  Calculate the charge ca the capacitor in this defibeillator. [1nwk)
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ik If the intemal resistance of the defibeillator is small, and the resistance across the skin of the
patient’s chest is 1,002, bow long will it take the defibrillator to discharge 90% of its stored
charge into the patient’s chest? [dmrks]
A current [ flows in a ring of radius r, made of a very (hin wire. The tensile strength of the wire is equal 10
£, The ring is placed n a magnetic flekd whose magnetic induction is perpendicular to the plane of the
ring 5o that the foeces tend 10 bresk the ring. Find the magnetic induction at which the ring will be broken
assuming that f, =1.5N .7, = 15cmand [ =10A . [Smrks]

Question 5: 20mrks
Define the following terms. [2mrks)
L Magnetic dipole moment
it.  Skin effect

Show that the relationship between magnetizaticn (M) and magnetic field strength (/) yields magnetic
susceptibility ¥ = g4, —1, where 44, = #ﬁs the relstive permeability af the mediun. {Senrks]

State any three properties of jonic mmlg;m susceptibility. [3meks]

If polarizaticn is given by P = y5 E in general for a dielectric susceptibility, ¥ show that relstive
permittivity for rarefied gases is given by &, = 1+alV, where @ is the molecularfatomic susceptibility
and N is the molecular concentration. [Smeks]

Figure 4 shows 1 tums wound on & torold of @ rectangular cross-section, whose inner and outer radii are
equal to r, and r, respectively, and the height is equal toa .

3

i
Fig. 4: A toroid with a rectangular cross-section,

Taking as the path of integration L_, n circle of radius 7, which is coacentric with the symmetry axis of the
toroid, and applying Ampere's carcuital law such that

ﬁ.di=H¢.2m‘=n1, n<r<n

where [ is the current flowing in the winding of the torcid, calculate the self-inductance of the system.
{Serks]
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