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XPHC 2662 / XPHA 2662

SECOND PUBLIC EXAMINATION
Honour School of Physics Part A: 3 and 4 Year Courses
Honour School of Physics and Philosophy Part A
A2: Electromagnetism and Optics

Thursday, 19 June 2003, 9.30 am — 12.30pm

') Answer all of Section A and three questions from Section B.
Start the answer to each question on a fresh page.
A list of physical constants and conversion factors accompanies this paper.
The numbers in the margin indicate the weight which the Examiners expect to

assign to each part of the question.

Do NOT turn over until told that you may do so.




Section A

. ity, derive
_ : : for free surface charge density,
1. Write down Maxwell’s equations. Allowing oo boundary between two

the boundary conditions for E and D fields at a p 6
homogeneous, isotropic, linear media.

2. Estimate the radiation pressure at a distance 1m from a 100 W light bulb.

3. Viewed through a thin layer of cloud, the Moon sometimes appears to be covered

by a translucent disk of light of angular diameter 2°. The disk is white E?t its centre
but reddish at its periphery. Explain this phenomenon and estimate the size of water

droplets in the cloud.

4. A collimated beam from a white-light source is incident normally on a transmission
grating with 500 lines per mm. The transmitted light then passes through a lens which
is used to project the visible (380-780 nm) spectrum of the light source on to a strip of
photographic film of length 35 mm. Calculate the focal length of the lens. [6]

5. Sketch carefully the transmitted flux density distribution for a Fabry-Perot
interferometer as a function of the optical path-length difference between adjacent rays

for two values of finesse F:
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6. An _gy;:tp‘,_g‘lgn‘zed beam of light propagating along the z-axis has E-field
omponents B, and £, which have equal amplitude Ep and differ in phase by an angle
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liagonalization to find the angle this ellipse makes with
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Section B 2N
7. What is meant by magnetic permeability and magnetic susceptibility? (4]

The figure shows a coil of copper wire wrapped around a torus of material. The

J copper wire makes N turns and carries a current I. The torus has a major radius R
and a minor radius r, where r < R. Assume that the magnetic field is entirely within

the material.

(a) The material has a small, constant, positive magnetic susceptibility x.
Obtain expressions for the H and B fields. [5]

(b) The material is ferromagnetic but owing to heat treatment it is initially
unmagnetized.

4 B (T)

(ii)

The g“"’i"’aph shows the experimentally measured relationship between H and
3 as the 1e I a.terlal is first magnetized along curve (i) to point P, and then
r’m‘ﬁn | the hysteresis loop (ii). Given that R=0-2m and r = 0-02m
the energy needed to magnetize the material and the energy needed

terial ar und the hysteresis loop. 7]

"

magne tlc and has been prepared for use in a
cetch the il gteresns 100p for such a material. What is

(Turn over]



8. Caﬁéider the propagation of an electromagnetic wave.in a homc?gefnfe:us, 1sotrc(>;1?1¢,
linear, non-conducting, non-magnetic medium of relative .per.mlttm fy he,-. ; ive
expressions for the velocity of propagation and for the refractive index of the medium

: : 4
In terms of €, and outline their derivation. | |

A linearly polarized plane wave of wavelength A is travelling in air and 1s .mc‘ldent
normally on a plane sheet of glass. Show that the ratio of the reflected to the incident
electric field amplitude is

Nglass — Mair
Nglass T+ Nair

)

where n,i; and ngjass are the refractive indices of air and glass respectively. Estimate
what fraction of the power is reflected from the sheet. 6]

The glass sheet is now coated on the incident side with a material with a refractive
Index Neoat = (nai,nglass)l/ 2 and a thickness d = A/4. Prove that there is now, in

principle, no reflected power. Give one reason why, in practice, some reflected power is
inevitable. [5]

Simple materials with nc,,: < 1:35 are not readily available. Anti-reflection

coatings often employ porous materials. Explain why very low values of power
reflection can be achieved with such coatings. [5]

| Assume n,;; = 1-0 and e =




1

The figure shows the elements of a Michelson interferometer: O, a half-silvered
glass plate; C, a glass plate; M;, a fixed mirror; and Ms, an adjustable mirror which
can be moved towards or away from 0. Also shown are paths of rays in a collimated
beam from a coherent, monochromatic light source of wavelength A = 500 nm. Explain
the functions of elements O and C. Explain why interference fringes are formed and

describe how they might be observed.
M, is initially set at a distance d ~ 0-1m from the image (in the half-silvered
mirror) of M; and accurately parallel to it. Its position is then finely adjusted so as to

“produce a central dark fringe. Make an estimate of the order of this fringe.

Show that the angular radius 6, of the p't dark ring around the central dark fringe

is given by /
p/\ 1/2

The monochromatic source is now replaced by a source with a range of wavelengths
A\ = 1nm. Discuss whether or not the fringe pattern still exists.

[Turn over]
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10. What is meant by the Fraunhofer condition? Give expressions for the direct and 4

inverse Fourier transforms of a function.

An aperture lies in the plane z = 0 and has amplitude tran§m§sion functlolll T(tylz
independent of z. It is illuminated by coherent, monochromatlc.hght of wave engt
X at normal incidence. Show that, in the Fraunhofer case, the diffracted intensity 1s

proportional to |A(6)|?, where

A(9) = / e T(y) exp[—i(2m/A) y sin d] dy. [5]

Figure (a) T(y)
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""" g‘ggure (a) shows a particular transmission function. Calculate and sketch the
mf@dmtem1ty as a function of sin #. (6]
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or f-'i‘:'-r:nef%f'z Calculate and sketch the
Comment on the location of the first zero
al-frequency content of 7'(y). (5]

|lEnd of paper]
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