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1. A device used to measure the radius of curvature of the cornea of the eye is called a keratometer (also
known as a ophthalmometer), which is a diagnostic instrument for measuring the curvature of the
anterior surface of the cornea, particularly for assessing the extent and axis of astigmatism. This is
useful information when fitting contact lenses. In effect, an illuminated object is placed a known
distance from the eye, and the image reflected off the cornea is observed. The instrument allows the
operator to measure the size of the virtual image. If the magﬁiﬁcation is found to be 0.035x when

the object distance is set at 100 mm , what is the radius of curvature? (10 %)

2. A Bar at the Folies-Bergére (Fig. 1), painted and exhibited at the Paris Salon in 1882, was the last
major work by French painter Edouard Manet. This paint shows a girl standing in front of a large
planar mirror. Reflected in it is her back and a man in evening dress (on the right corner) with whom
she appears to be talking. It would seem that Manet’s intent was to give the uncanny feeling that the
viewer is standing where the gentleman must be. From the laws of Geometrical Optics, what is
wrong? : (10 %)

3. Two particles, each of mass m and having charge ¢, are suspended by very thin nonconducting
strings of length / from a common point P . If the size of the particles is so small, compared to the
separation. Find the angle @ that each string makes with the vertical. (10 %)
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4. An electrophorus is a simple manual capacitive generator used to produce electrostatic charge via the

process of electrostatic induction. One such instrument consists of a flat circular plate of wax and a
similar plate of metal with an insulating handle. The wax plate is given a bound charge O by rubbing

it with fur. Then the metal plate is laid on the wax plate and temporarily grounded, so that it acquires
a charge —( . The metal plate is finally removed from the wax plate, retaining its charge ~ Q.

Suppose the radius of the plates is 10cm, Q =0.5 uC, and the initial separation of the two plates is

107 m . Find the potential difference between the plates and the stored energy when the separation is
(a) d=10"Cm, (10 %)
(b) d=0.02m. (10 %)

5. Two particles, each of mass m and having charge ¢, are suspended by very thin nonconducting

strings of length I from a common point P . If the size of the particles is so small, compared to the
separation. Find the angle @ that each string makes with the vertical. (10 %)

6. Augustin Louis Cauchy (1789 — 1857) determined an empirical equation for the refractive index
n(A) for substances that are transparent in the visible. His expression corresponded to the power

series of wavelength
P, P
nA)=PF +2+2+ .
( ) 0 /12 /14

where the P, s are all constants. Later on, in 1871 Sellmeier derived the equation

AL
n =1+ 1
277

where the 4, terms are constants and each 4, 1is the vacuum wavelength associated with a natural

, such that Ay *Vo =€, Where ¢ =299,792,458 % is the speed of light in vacuum.

frequency v,

Sellmeier’s formulation is a considerable practical improvement over the Cauchy equation mentioned

above. Show that where A >> 4, Cauchy’s Equation is an approximation of Sellmeier’s. (10 %)

7. The following equations describe the plane waves propagating along the positive z-direction while
the electric field ( E) varying in the xy plane. Express completely the state of polarization of each.

(8) E = E,sin(kz - ot)% + E, sin(kz — ot )P 5%)
() E=E, cos(kz — o)k + E, cos(kz -t + -722) b (5 %)




BX P LRS00 2EEELBBELEHFBAEZRRE

HE LM REES [HLABLERE] 5 ¢ 439002

MAFBREERL "o EAHES (B HEERH) A3AF3E

8. Fig. 2 show 4n point charges with equal charge g uniformly distributed on the circumference of a

circle of radius R. .
(a) Find the electric field on the specific point to the first order of &§. (i.e. consider & is so small that

the term (%) and its higher terms may be neglected.) (10 %)

(b)Assuming the total charge 4ng is constant, simplify your answer for the limit » —> 0 and ¢ — 0,

and express it in terms of the ring’s linear'charge density. (10 %)
4 =

C§ q\\ 6 point charges

Fig. 2







