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Paper 2 of 6 — PHY 312 - 2017/2018 - First Semester -
ELECTRICITY AND MAGNETISM II
Level 300 • First Semester • PastQuestion

touu). PUP re blog. corm

FEDERAL UNIVERSITY OF PETROLEUM RESOURCES, EFFURUN

Sea ie
COLLEGE OF SCIENCE
DEPARTMENT OF PHYSICS
1°" SEMESTER EXAMINATION (2017/2018 SESSION)
PHY 312 (ELECTRICITY AND MAGNETISM I) 3Unit)
Instruction: Answer only question in Section A, One (1) question in Section B and. two (2)
questions in section C Time: 2hrs 30 mins

SECTION A (25 marks)

1. (a) State (i) Maxwell équations for magnetostatics
i (ii) Maxwell equations for electrostatics

and hence explain the difference between magnetic field and electric field.

(b) State the three fundamental quantities of magnetostatics

(c)State the difference between the Boundary condition for electric field and that of
magnetic field

(d) In the diagram below, if F is wriform, show thai (Fx B)s2, where F is the vector

from the origin to the point in question, That is check that F¥xZ=F and TsF=0.

(e) Which of these Magnetic fields can exist? Determine the current density that
created the valid fields. What Vector Potential corresponds to these fields? ,
() BO) =e x 5
(iti) B(r) = Sin (kr)r (r,9,z coordinate system)
(f) Show that the magnetic field can not do any work on a particle, i.e. can not change its
energy.

SECTION B (15 Marks each)

2. A circular loop of wire, with radius, X, lies in the xy plane, centred at the origin, and
carries a current running counter clockwise as viewed from the positive z axis.
(i) What is its magnetic dipole moment?
(ii) What is its (approximate) magnetic field at points far from the origin?
Gii) Determine the exact solution for ¥ on the positive z axis.

3. @) Explain Lorentz covariance and hence otherwise state two distinct, but closely
related meanings
(b) A phonograph record of radius R, carrying a uniform surface charge o, is
rotating at constant angular velocity w.
(i) Find its magnetic dipqle moment.
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SECTION C (15 Marks each)

C4. A particle of charge g enters the region of uniform magnetic field 3 (pointing into
the page). The field deflects the particle a distance d above the original line of
flight, as shown in diagram below.

(i Is the charge positive or negative? «
(ii) In terms of a, d, B, and q, find the momentum of the particle.

| Field Region |
i i
1 1

ve Ate

5. (a) With the magnetic field produced by a Steady current. Use Biot- Savart Law to
explain.
(b) Write the two equations for Surface and Volume currents that the Biot- Savart law can
be written as. i

| esto wo-puprel oy. com

Suppose you have two infinite straight-line charges A, a distance d apart,
moving along at a constant v as above.
(i) How fast would v have to be in order for the magnetic attraction to balance the
electrical repulsion?
6. (a) A thick slab extending from z
current J = Ji.
(i) Find the magnetic field both inside and outside the’slab.

-c9.2= acarries a uniform volume

J
(b) State four configurations that can be handled by Ampere’s law. *
Wo 0. pu peel Log, com
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Paper 6 of 6 — PHY 312 2016 2017 ELECTRICITY AND MAGNETISM
Level 300 • First Semester • PastQuestion

FEDEDERAL UNIVERSITY OF PETROLEUM RESOURCES, EFFURUN

COLLEGE OF SCIENCE
DEPARTMENT GF PHYSICS
FIRST SEMESTER EXAMINATION
Academe Session: 2016/2017
Course Code: PHY 312
Course Title: Electricity and Magnetism I
‘Course Unit: 3 Unit

Time allowed: 2 hrs 30mins

Instruction: Answer any two (2) questions in scetion A und amy two (2) in section B
SECTION A
QUESTION ONE :
1 (a) A very long, uniform lines of charge with positive linear charge density + 2 lies along the
axis. An identical line of change Ties along the y-axis.

cae

Pe * @ Determine the electric field Ey) for all points in the x-y plane.
_ (3 Determine the chanse in electrostatic potential AV between the points x= 4, y— a andx
=ay=3a.
(6) Deiermine AV between the points x=a.y-2 ond x32, y=2
(@) How mach work must be done to move a small negative charge—q from the point
x=3a, y=3ato the points = a, y =a?

(b) Which of these Magnetic fields can exist? Determine the current density that
= or ae i Vevior Pstential corresponds to these fields? 0 [
| @ B@)=e"x
| @ BG) =e" x
i (i) fr} = Sin (he}e 2. eogetintteleystem)

t ee rve —
7 (a) Define Lorentz Covariance and explain the two distinct but closely related meanings

(b) Maxwell's equation represent one of the most elegant and concise ways fo state the

fandamental of electricity and magnetism. Discuss
{0} A cirealar loop of wire, with radius R, lies in the xy plang, centred at the origin, and

_. =. @ -Whatis its magnetic dipole moment?
@) What is its (approximate) magnetic field at points far from the origin?

f a (Gi) Determine the exact solution for ¥ on the positive z axis
| es TEEEE 3
{a) Show that the magnetic field can not do any work on a particle, i.¢. can not change its
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: energy.
(b) A spherical shell of conducting materia! has an inner radius a an outer radius b. The shell
= carries no net charge. inside the shel, located at the centre, is a negative point charge of —

carries a current J running counter clockwise as viewed from the positive z xis.

| ; youw-puprello- ce

Q. The hoint charge is suspended from a this thread and does not touch the shell. ‘The
coordinate r measures the distance from the ociaire of the sphere.

(a) Determine the charges on the inner and outer surfaces of the spherical shell.

(b) Determine the electric field everywhere in space. Sketch E(e) vs. r

(©) Determine the electrostatic potential V(r) everywhere in space. Sketch P(r) vs. r.
(@) Show that the relation Br - -dv/dr is sutisfied

SECTION B
QUESTION ONE
(a) Faraday" Jaw is a fundamental relationship which comes from Maxwell's equations.
Explain

(©) Three were very long parallel wires arranged as shown below. Two wires, which
<aatry cusrcai i oui of the page, pass through the points yx <4 a. The third
Wires carrics 2 current J into the page and is located at the pointx = 2a.y -a.

= aE tye

@ Destee e mnwiete aid lle a ot = 0. y= ~a) duet the
other two

) Beate te Seep ual bophon deen ee

{c) Determine the magnetic field Br2f:) due to the two wires located atx =0, y = -+@ at an
arbitrary point P on the axis, a distance x from the origin

(qd) Determine the magnetic field B3¢x) at the point P due to the single wire at x =2a,

pra
(© Fom(c ) and (@), determine the total magnetic field at the point P.
quystien twe
(@) Stale and explain the three fundamental quantities of Magnetostatios

(b) In the diagram below, if F is uniform, show that 2=4F =F V2; where F is the vector
Sram the origin to the point in question. That is check that ¥ xA=# and ¥e¥=0,

Rage L ee

z

Se

(¢) The three quantities ate related and if one of them is known, the other two can be
caloplaied, Draw: the table that summarises the relutions between them.

(@State the difference between the Boundary condition for electric field and that of
magnetic field, :
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QUESTION E -
lain Ferromagnetic material umd give 4 (four) exanaples -

(b) Two long. straight, parallel current-carrying wires are shown below. The wires are
paraliel to the x-axis (the +z-axts poinis out of the page). The current in the wire
‘above the origin is flowing in the +z-direction (11 = 3.2A, out of the page), while the
current in the wire below the origin is owing in the —z-direction (12 =3.2A, imto the
page). The wire above the origin passes through y=+13.3em. the wire below the
origin passes through y = -13.3em, and ihe point P is at x=+35.0cm.

Pon the x-axis <
() Ham clectron were wavelling in the +z-direction at 5200my/s, what
‘would be the magnitude and direction of the magnetic force acting

aa : on its it passed through P?

fo} Want clectic field (siaie all three components) would we need to
< ‘apply to the electron in part (b) so that the avi force acting on it
were zero?

leg Boe or

LAE Pag t S
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