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(WO.L1.2-sols) Foundation Stage Solutions

Monday, January 22, 2018 5:44 PM

Wave Optics
Foundation Stage (WO.L1.2)

Lecture 1
Young's Double Slit

Optics Timeline
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Textbook Chapters (* calculus version)

BoxSand :: KC videos ( Optics )
Knight (College Physics : A strategic approach 3™) ::
*Knight (Physics for Scientists and Engineers 4th) ::

O O O O

Giancoli (Physics Principles with Applications 7th) ::
Warm up

WO.L1.2-01:
Description:

Learning Objectives: [?] - Can you identify the objectives from the previous lecture, and this lecture, that this question is relevant to?

Problem Statement: With your neighbors discuss the following terms with regards to the image below.
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Selected Learning Objectives

1. Coming soon to a lecture tem
Key Terms

Path length difference
Small Angle Approximation
Slit Separation

Viewing Screen

Coherent

Constructive

Destructive

O O 0O O O O O

Key Equations

plate near you.

mA=dsin0

tan@ =

Ym

Questions
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Act I: Applications of the Mathematical Model
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Problem Statement: Young's double slit experiment is just one example of two source interference. Which of the following is/are
necessary to see a spatial interference pattern on a screen opposite two slits?

@ A single frequency source.

A coherent source of light.

(3) Experimental apparatus needs to be in air.
(4) The source needs to be a light source.

’ Problem Statement: For the double slit experiment, we use a mathematical model mA = d sin (0).

Where in this model is the path length difference?

(1) m
(2) A

d
(4) d sin(0)
(5) sin (0)
(6) Ad
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Problem Statement: On observing a double slit experiment, you measure the distance from the slits to the screen to be 1.0 m. You
also measure the distance between the central bright spot and the 3rd maximum to be 55 cm. You read on the device that the slits are
a distance 4.36 um apart.

~NT %
(a) At what angle theta from the central maximum does the 3rd maximum appear? -3
d5ng > mA Y = LAads
i - ~ 5
S 3 jé "
= L tan |
dSMQ =3 7\ j} L Q;}
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(b) Find the wavelength-of the laser,’A.
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Problem Statement: On observing a double slit experiment, you measure the distance from the slits to the screen to be 1.0 m.
You read on the device that the slits are a distance 11.2 um apart. You also read on the laser that the wavelength it emits is 700 nm.
We want to find the distance between the 2nd and 3rd dark fringes on the screen.

Doobtl Scar —s paag st =2 PLD = (g )y i .

N

(a) What is the distance y, for the 2nd dark fringe?

Jg'\,‘@;‘: (’M{\k j/’: [ nb

“hixne
(JS{AQ{ = (l )X 9= LAy CJ
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(b) What is the distance y3 for-the 3rd dark fringe?

(c) What is the distance from the 2nd to the 3rd dark fringe on the screen?

Act Il: Small Angle Approximation

0.066 91414983, O-p0l 0voascnd O .Aq 199 ¢~

X 094853y, O-1 033 ’
‘ Problem Statement: Work together in teams to complete the fo?lg\z/smsg table, F70HI 049 50045

Oag@aBof  0.2a 1100355~ 09 pogss 1Y

02958202067 0-30433624¢8  0.45673 3¢y g4/
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5.73 0.1
115 0.2
17.2 03
@ for “Sma@28mas” 0.4
28.6 0.5
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(a) Which of the following relationships are true for/;ome portion of the above table?
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(1) sin@ =tanb
(2) sin@ =cos0O
(3) cos@=tan0

(4) 6=tan6
(5) 6=s5in0
(6) O=cosO

(b) For what angles are these equations valid? O

Nu‘l—t..‘ 50 ’& 5.(’\(5.)

(c) Are these equations useful when using degrees? Radians?

tgn e ALe &'
Pro Statement: WhEIé oasge*rv&’ga MIe slit |nterfere32e pa{’t'etw%u nQA?e that it is in a regime where the small angle
approximation is a safe app

Which of the following rela@s@‘g&cm%u assume to be t(ﬁg?’z m Smae G

2
(1) A>d = M2 .
(2) A<d 8 J QL— N
(3) L>y, / K Smace
(4) L<y, Swele 5
(5) m>d PR S0. ..
(6) m<d }_

gﬂ L4
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Problem Statement: When observing a dggble §7Iit interference pattern for 500 nm wavelength light incident on slits with a separation of

around 1 mm, you notice that the distancé 6é%\)\/ee£ thg g{gan/g 4th order bright spots is 5 mm.

. . v?'f —_—
If the screen is 15 meters from the slits, what is the precisesht separation?
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Act lll: Proportional Reasoning and Limits of the Model frouk
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Problem Statement: Suppose the viewing screen in the figure is moved closer to thgdpukleslf?What happens to the interference
fringes? Yo iFem. WAES

(1) @ey\fa e nd disappear.
(2) They get outof focus.
8’“ AT )\ m=3
(3) They get brighter and closer together. =7
5;« & m=2
(4) They get brighter and farther apart.
As L b 9n) m=1
(5) They get brighter but otherwise do not change. | | | | | Ay 7/ /L 70
d [ VAYAVAY m=20
m=1
m=2
Crest Trough L m=3
m=4

@
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Problemké(ét ment: When observing a double slit experident, you notice that y, for sor,rle frmgjés_ g%tmg,gmfﬂe)i. Which of the
following could be Fagsi{ng"g};is? S(',\S-A M o T
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Problem itatement: A particular e sl|it experiment using 600 nm wavelength light and 50 um slit separation. How many total
fringes wpuld appear on an infinitely | sc en?m |
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WO.L1.2-12: Mix @G = 46°

Problem Statement: A particular double slit experiment uses a slit separation d. Is there a limit to the wavelength of the light you can

use? N~/ musT ulut  F/ ap e
[ ] { ! ! LI (O ‘ (>4
(1) Yes, A<d
(2) Yes, A>d
(3) No, any slit separation will produce an interfereécéﬁgt@{n. = /V\ )
Sl = MM
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Problem Statement: '1{).a particular double slit experiment ygu notice that the small angle approximation is a good approximation. If the
wavelength decreases factor of 2, what happens of

(1) It quadruples. \(jn - /‘2
(2) It doubles. 5 7 - -
(3) It doesn't change. L J IF L -
(4) It decreases by a factor of 2. /= ant
(5) It decreases by a factor of 4.
j . M AL )T eas
~” -

oo = D
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Conceptual questions for discussion

1. Coming soon to a lecture template near you.

Hints

WO.L1.2-01:
WO.L1.2-02:
WO.L1.2-03:
WO.L1.2-04:
WO.L1.2-05:
WO.L1.2-06:
WO.L1.2-07:
WO.L1.2-08:
WO.L1.2-09:
WO.L1.2-10:
WO.L1.2-11:
WO.L1.2-12:

WO.L1.2-12:
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No hints.

No hints.

No hints.

No hints.

No hints.

No hints.

No hints.

No hints.

No hints.

No hints.

No hints.

No hints.

No hints.
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