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Physics 111 Quiz #6, February 20, 2015

Please show all work, thoughts and/or reasoning in order to receive partial credit. The quiz is
worth 10 points total.

1 affirm that I have carried out my academic endeavors with full academic honesty.

The questions below are not necessarily related to one another.

1.

A vertically polarized beam of light with intensity S, passes through a sheet of Polaroid with

its transmission axis at a30” angle to the vertical. The light that emerges from the first
Polaroid is incident of a second sheet of Polaroid with its transmission axis along the vertical.
What fraction of the beam’s original intensity is transmitted?

A vertically polarized beam of light is passed through a Polaroid with its transmission axis at 30° with

respect to the vertical has S, =§, cos’ 30 =0.751, transmitted. This transmitted beam is incident

on a Polaroid whose transmission axis is aligned with the vertical. The transmitted intensity is given
by the equation above with S, , =0.75S, cos” 30 = 0.563S, = 56.3%S, .

Suppose a point source of light generates 60W . Four meters away there is a light detector

that is 75% efficient and the detector has an area 10cm?” of oriented with its normal directed at
the point source. What power will the detector record?

The intensity is defined as the power radiated per unit area. Thus the intensity 4m away in any

P 60W

direction from the light source is § = — = —————= =0.298 5. The detector only occupies a small
A 4x(4m) "

fraction of the total surface area of the sphere centered on the light source and further the detector is

only 75% efficient. Thus the power at the detector is

1m?

P.=0.75SA,=0.75x0.298%| 10cm* X —
P P " [ (IOOCm)2

):2.2><104‘W



3. A small bright light is at the bottom of a large 8 ft deep swimming pool filled with water (
=1.33). As viewed from above, what will be the radius of the circle of light?

nwater

We find the critical angle from

n,sin6, =n,sin@, - n;sinf, =n,sin90 —sinf, = % — 6. =48.8°. The radius of the ring

of light is given fromr =dtanf, = 8 ft X tan48.8 = 9.1t

4. When light strikes a plane boundary between two media with different refractive indices
which of the following cannot occur?
a. There is a reflected beam, but no transmitted beam.
There is a transmitted beam, but no reflected beam.
c. There are both transmitted and reflected beams.
d. The speed of light increases on entering the second medium from the first.

5. Consider a slab of glass (n,_,, =1.50) with thickness ¢t =2.0cm. Suppose that the upper and

glass
lower surfaces of the glass are parallel to each other and that light is incident on the upper
surface of the glass at an angle of 8 = 30° with respect to the normal to the surface. What is
displacement (the perpendicular distance shifted) of the emerging beam from its incident
direction?

Using the diagram below we have at the upper surface, using Snell’s law
n, sin30=n,sin@, =1.5sin@, — 6, =sin"'(0.333)=19.5°. Since the upper and lower
surfaces are parallel, the ray emerges parallel to itself, but is displaced by an amount d from its

incident direction. To determine the displacement of the beam we first realize that 30° = 6, + &, so
that o = 30° — 19.5° = 10.5°. Therefore from the geometry we have

. . .02 . .
sinar =9 d = Lsina =02 _in(10.5) = 0.00389m = 0.39m = 3.9mm. Where again
L cos(19.5)
. . 2cm 0.02m
from the geometry the path the light takes iscos@, = c0s19.5=—— = L =———=0.021m.
| L cos19.5

0° 1
The diagram is below. :
[

2cm
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Physics 111 Equation Sheet

Electric Circuits
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Light as a Particle & Relativity
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