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Full Answer Question (4 marks). MARKS WILL BE ASSIGNED ONLY FOR
INTELLIGIBLE WORK. Scribble messy scrawls will not be marked. Please use the back of the front page for
the draft work. Print answers in designated boxes. Always include units. Clearly write solutions below the
questions.

Light of wavelength 600 nm passes through two slits separated by 0.20 mm and is observed on a
screen 1.0 m behind the slits. The location of the central maximum is marked on the screen and

labeled y = 0.
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a. At what distance, on either side of y = 0, are the m = 1 bright fringes?
The m=1 bright fringes are separated from the m=0 central maximum by

AL _ (600x10~° m)(1.0 m)
d 0.0002 m

b. A very thin piece of glass is then placed in one slit. Because light travels slower in
glass than in air, the wave passing through the glass is delayed by 5.0 x 10*¢ s in
comparison to the wave going through the other slit. What fraction of the period of the
light wave is this delay?

=0.0030 m=3.0 mm

Ay =

The light’s frequency is f =c/4=5.00x10'* Hz. Thus, the period is T =1/f =2.00x10 ~*° s. A delay of
5.0x107'° s=0.50x10""° s is 1T.

c. With the glass in place, what is the phase difference A ¢ in radians between the two
waves as they leave the slits?
The wave passing through the glass is delayed by % of a cycle. Consequently, the two waves are not in

phase as they emerge from the slits. The slits are the sources of the waves, so there is now a phase
difference Ag, between the two sources. A delay of a full cycle (At=T) would have no effect at all on

the interference because it corresponds to a phase difference Ag, =27 rad. Thus a delay of % of a cycle

introduces a phase difference Ag, = (27) =37 rad.

d. The glass causes the interference fringe pattern on the screen to shift sideways.
Which way does the central maximum move (toward or away from the slit with the
glass)? Explain why



The text’s analysis of the double-slit interference experiment assumed that the waves emerging from the two slits were in
phase, with Agy =0 rad. Thus, there is a central maximum at a point on the screen exactly halfway between the two slits,

where Ag=0 rad and Ar=0m. Now that there is a phase difference between the sources, the central maximum—still
defined as the point of constructive interference where A¢=0 rad—will shift to one side. The wave leaving the slit with
the glass was delayed by % of a period. If it travels a shorter distance to the screen, taking % of a period less than the wave

coming from the other slit, it will make up for the previous delay and the two waves will arrive in phase for constructive
interference. Thus, the central maximum will shift toward the slit with the glass. How far? A phase difference Agy =27

would shift the fringe pattern by Ay =3.0 mm, making the central maximum fall exactly where the m=1 bright fringe had
been previously. This is the point where Ar =(1)4, exactly compensating for a phase shift of 2z at the slits. Thus, a phase

shift of Agy =7 =% (27) will shift the fringe pattern by (3 mm) =0.75 mm. The net effect of placing the glass in the slit

is that the central maximum (and the entire fringe pattern) will shift 0.75 mm toward the slit with the glass.

MULTIPLE CHOICE QUESTIONS (1 mark each)
In the space provided show a justification for your answer

1. Inthe expressiony = A sin (k-r — at + ¢) for a sinusoidal travelling wave the vector k
represents
a) The position of the source of the wave
b) The direction of the oscillations
c) The direction of the wave propagation
d) The velocity of propagation
e) Both the direction of the wave propagation and the wavelength* |k|=2z4

2. A planar cross section through two spherical waves emanating from the sources S1 and
S2 in the plane is shown in the figure. The black circles are one and two wavelengths
from their respective sources. The lighter circles are one half and one and a half
wavelengths distant from their respective sources. If the phase at S1 and S2 is zero at this
instant, and the waves shown arriving at P2 both arrive with amplitude A, the difference

in phase angle at point P2 (in radians) is

A. 0

B. w2 .%

C. mx* G“Ieb
D. 3n/2

E. 2= ”
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A light ray strikes a hexagonal ice crystal floating in the air at a 30° angle to one face, as
shown below. The hexagonal faces of the crystal are perpendicular to the plane of the
page. All the rays shown are in the plane of the page, and nice = 1.30. Which outgoing ray

is the correct one?
A B* C D E

E
When light is either reflected or refracted, the quantity that does not change in either
process is its

direction of travel.

dispersion.

frequency.*

speed.

wavelength.

A light ray is partially reflected and partially refracted at a boundary between two media,
the upper one having index of refraction n, the lower one having index of refraction n’, as

shown in the figure. The reflected ray is perpendicular to the refracted ray when

n' = n tan Gncident.*

incident | reflected

n' = n cotGncident.

N' =N SiNBncident / SIN Greflected.

N' =N SiNBincident / COS Breflected - refracted

N' =N Sec BGncident.




6. The wave front shown at the left for light in air reaches the plane surface (shown by

a slanted line) that bounds a medium with n = 1.50.

Which diagram below correctly shows the wave front while entering the medium at
the right?
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