PHYSICS-2112 Spring 2018 Exam 3 April 10, 2018
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Have your LSU ID ready when you turn in your paper.

You may only use an ordinary scientific or graphing calculator. You may not use a cell phone, smart
phone, or tablet application as your calculator.

Examine your paper to be sure it is complete and legible. There should be 12 multiple choice questions
and 2 free-response problems, totaling 100 points. There are 7 pages, including the cover sheet and a
formula sheet, which is attached to this exam.

For the multiple choice questions, bubble in the correct answer on your scantron for each question.
There is room on the exam for scratch work or calculations, but that work will not be checked or graded.
Partial credit may be awarded on multiple choice questions, but this partial credit will be based on the
answers that you have bubbled in on the scantron and NOT on your scratch work on the exam itself.

For the free-response problems, show all relevant work in the space provided. Without supporting
work, even a correct answer will receive little or no credit. Partial credit will be awarded as warranted.

If your work for a problem is somewhere other than the space provided for that part of the problem, you
must indicate where your work is located. E.g., if you need more room for your solution, then you may
write on the back of the page. Be sure to add a note to this effect; otherwise, anything on the back of the
paper will be regarded as scratch work and will not be checked or graded.

Be sure that numerical answers appear with appropriate SI units. Points will be deducted for missing,
incorrect, or "silly" units. If the final answer is, in fact, a dimensionless quantity, please write the
numerical result followed by the word dimensionless.

You will have 55 minutes to complete this examination.



Question #1 (no points)
Bubble in the answer choice corresponding to your class section number.

a) Sec.2; MWF 11:30 am
b) Sec. 3; MWF 1:30 pm
c) Sec.4; TTh 10:30 am

Question #2 (no points)
Your version of the test is A. Bubble in answer A on your scantron.
Question #3 (5 points) Visible light has a frequency of about:

a) 5x 10" Hz
b) 5x10'"°Hz
c) 5x10“Hz
d) 5x 10" Hz
e) 5x10""Hz

Question #4 (5 points) The light intensity 10 m from a point source is 1000 W/m’. The intensity 100 m
from the same source is:

a) 1000 W/m’
b) 100 W/m’
¢c) 10 Wm?
d) 1 Wm’

Question #5 (6 points) The critical angle of a diamond is about 6 = 25° at an interface with air. What is
the index of refraction of a diamond?

a) 1.00
b) 0.42
) 2.37
d) 1.51



Question #6 (5 points) Which diagram below illustrates the path of a light ray as it travels from a given
point X in air (n = 1) to another given point Y in glass (n > 1)?
i
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a) I
b) II
c) I
d IV
e) V

Question #7 (5 points) When you stand in front of a plane mirror, your image is:

a) real, erect, and smaller than you

b) real, erect, and the same size as you

c) virtual, erect, and smaller than you

d) virtual, erect, and the same size as you
e) real, inverted, and the same size as you
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Question #8 (5 points) The two rays of light of wavelength A = 600

nm reach point P in the figure at angle 6 = (.26 ° with respect to the e
central axis. The slit separation is d = (.25 mm. What is the path wave
length difference between the two rays in terms of A?

a) 1.9A
b) 1.0A
c) 2.2\
d) 3.5A
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Question #9 (6 points) In the figure, two waves of light in air, of 1y
wavelength 690 nm, are initially in phase. One travels through a glass
layer of index of refraction n; = 1.52 and thickness L = 3.62 um. The
other travels through an equally thick plastic layer of index of refraction
ny = 1.35, and the same thickness L. What is the phase difference
between the two waves in rad?
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a) 0.89rad
b) 5.6rad
c) 15rad

d) 6.3rad

Question #10 (6 points) Light of wavelength 480 nm falls on a slit of width 3.5 um. What is the relative
intensity (that is, the value of 7/1,,) of the diffraction pattern at an angle of 0.314 rad?

a) 2.4x10*
b) 1.0x 107
¢) 1.7x107
d) 1.0x10"

Question #11 (5 points) The ability of a telescope to distinguish two distant objects can be increased
by:

a) using a tripod

b) increasing the lens diameter

c) decreasing the lens diameter

d) increasing the wavelength of the light
e) none of the above

Question #12 (6 points) 600-nm light is incident on a diffraction grating with a ruling separation of 1.7
x 107° m. The second order line occurs at a diffraction angle of:

a) 0°
b) 10°
c) 21°
d) 42°
e) 45°



Problem 1 (18 points) — Show your work!

Light is incident perpendicularly on a thin R, R,
layer (thickness L) of material 2 that lies
between (thicker) materials 1 and 3 as
shown in the figure (the rays are tilted only

n "2 ng

for clarity). > —?Tf
The indices of refraction and wavelength of
the incident light are given in the table L
below.
n n; n3 A
1.35 1.80 1.40 450 nm

(a) (4 points) What is the relative phase shift, in terms of number of wavelengths between
rays 3 and 4 due to the reflections at the two interfaces R, and R, only (circle one)?

OA 29N ZRN 1A 2\

(b) (5 points) What should the third minimum thickness of the film be if, after the waves of
rays r; and ry4 interfere, we see a bright spot?

(¢) (4 points) Using your answer to part (b), what is the geometrical path length difference,
AL, between rays 13 and r4?

(d) (5 points) What should the second minimum thickness of the film be if, after the waves of
rays 13 and ry interfere, we see a dark spot?



Problem 2 (28 points) — Show your work!
A seed is placed 6 cm in front of a converging lens with a focal length f; at 24 cm.

a) (4 points) Where is the image located (both the sign and the numerical value for the distance)?

b) (4 points) What is the magnification of the image (both the sign and the numerical value)?

¢) (6 points) Circle the correct answer for each of the following questions

(2 points) The image is: REAL VIRTUAL
(2 points) Compared to the object, the image is:  UPRIGHT INVERTED
(2 points) Compared to the object, the image is: LARGER SMALLER

A second symmetrical, coaxial converging lens is placed 10 cm to the right of the first lens (from
above) with focal length f5 at 9.0 cm

d) (4 points) Where does the system of two lenses produce an image of the seed (both the sign
and the numerical value for the distance)?

e) (4 points) What is the overall magnification of the two-lens system (both the sign and the
numerical value)?

f) (6 points) Circle the correct answer for each of the following questions
(2 points) The image is: REAL VIRTUAL
(2 points) Compared to the object, the image is:  UPRIGHT INVERTED

(2 points) Compared to the object, the image is: LARGER SMALLER



Formula Sheet for LSU Physics 2112, EXAM 3, Spring 2018

Units:
1m = 39.4in = 3.28ft 1mi = 5280 ft 1min = 60s, lday =24h 1rev = 360° = 2nrad
1K 9°F
latm = 1.013x10% Pa = 760 torr = 14.7 psi T = <1°C> T, +273.15K T, = (5°C> T, + 32°F
1 V=J/C 1 eV=1.602x10"1J
Constants:
g = 9.8m/s? me = 9.109 x 1073 kg my, = 1.673 x 1072" kg
mec? =511keV mpc? =938 MeV
e =1.602x10"19C €0 = 8.854 x 10712 C2/(N m?) hec = 1239.8 eV-nm
k=138x10"23J/K R =8.31J/(mol-K) Avogadro’s # = 6.02 x10% particles/mol
h =6.626 x 1073 J.s = 4.136 x107 1% eV's h=1.054 x 107** J.s = 6.582x107 16 eV's
Electromagnetic Waves:
Plane waves propagating in the x-direction:
2 c 27c
E = Ey, cos (kx + wt) B = By, cos (kx £+ wt) k‘:T )\:?:—
w
Poynting Vector, Energy Density:
1 1
S=—ExB S=—FE? ug=up=¢kFE*/2=DB%/(2u0)
Ho Cluo ) P
. _ I=8.,=—F2 = _—_F2 =~
Intensity, Energy Flux: VT o™ g TS )
Geometrical Optics and Images:
Reflection : 6, = 6; Snell’s Law :  n;sinf; = nysiné,
1 1 1 i fob
-+ -== f=r/2 m=—— myg = ——— M = mymao
p i f / p Jey
Physical Optics:
c A c/n JAN0) L
= — A, = — B A — T A “other”
it =2 p=Rer 32-a(f)+ vothe
1
Two — Slit Interference : AL = dsinf = mA AL =dsinf = (m+ 5))\
d
1(0) = 4l cos? B = 41 cos® (¢/2) = 4T, cos® (7; sin 0) o = 41
Thin Films: A¢ = 7, reflecting off a higher n; A¢ = 0, reflecting off a lower n
1
2L + “other” = mA, 2L + “other” = (m + 5))\”
Diffraction through a rectangular slit and a circular aperture:
A
One — Slit Minima : asinf = mA Rayleigh’s Criterion : 0r = 1.223

= —sinf

A

sin v\ 2 Ta
o

1(0) = I, (

Two-Slit Interference and Diffraction:

I(0) = I, cos® 8 (

sin o

2
> ﬁ:¢/2:%dsme a:%sinﬁ

Diffraction Gratings:
. . . Af m
dsinf = mA Dispersion: D = AN deosd

A
lving P : R=""2=N
Resolving Power : R AN m



