WO.2.L1 - Solutions

Thursday, April 4, 2019 8:59 PM

Wave Optics
Foundation Stage (WO0.2.L1)

Lecture 1
Young's Double Slit

Textbook Chapters (* calculus version)

BoxSand :: KC videos ( Optics )

Knight (College Physics : A strategic approach 3') ::
*Knight (Physics for Scientists and Engineers 4th) ::

Giancoli (Physics Principles with Applications 7th) ::

O O O O

Warm up

WO.2.11-1:
Description:

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

Problem Statement:
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Selected Learning Objectives

1. Coming soon to a lecture template near you.

Key Terms

O O O O O O O

Path length difference
Small Angle Approximation
Slit Separation

Viewing Screen

Coherent

Constructive

Destructive

Key Equations

mA =dsin@

Questions

tan @ = —
L

Viewing screen

Act I: Applications of the Mathematical Model

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?

B

A single frequency source
A coherent source of light

_37 Experimental apparatus needs to be in air

A

The source needs to be a light source
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WO.2.L1-3: ,
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Problem Statement: For the double slit experiment, we use a mathematical model mA = d sin 6.

C\CS‘I’.mr‘:i.& = (m-)%>’>\= AS;{\B

Where in this model is the path length difference?

Problem Statement: On observing a double slit experiment, you measure the distance from the slits to the screen to b

You also measure the etween the central bright spot and the 3rd fnaximum to bou read on the device that

the slits are a distancg hpart.
A n=3 /s

(a) At what angle theta from the central maximum does the 3rd maximum appear?

m=> =3
m=y
Ya
met tan® = YT}
mze L
I‘“o“‘“ MAX 2B = 7_3,80
or
<L 0O.50L8 rad

(b) Find the wavelength of the laser, A.

M) = d sine

A = —:\J:- sin®
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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.

A

(a) What is the angle at which the 2nd dark fringe occurs?
| _ : '
(m—\— {>>\— AS\/\@ .:_"{)\: ASm@l

. 32
ﬁ) Y =
* dack Fume > w0 She= 2

'L"'l c\a.rk -G"m)c'bms] al: 5330

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

I
" tan S, = -

)6
L > Yn: L‘l:a-f\s,_: Q4 M

(c) What is the distance y; for the 3rd dark fringe?

<f'\+.—.l_>>\=cls{na m=z

Yo
SnB= §—>‘ __)_2____/_,

[

L
> 0= %99 ko (39) = 12
=) 7"‘ = [585,—\

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

,630(\ —AY ¢~ = éLf cm
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Act Il: Small Angle Approximation

Problem Statement: Work together in teams to complete the following table.

O (deg) O (rad) sin@ tan 6 cos @

0.0573 0.001 000094 - 0O.00j00-- 0.999 --
5.73 0.1 0.099g 0.1003 0.91s
11.5 0.2 o.1987 0.2027 0.9¢90
17.2 0.3 0,245 0.30 13 0.455
22.9 0.4 03394 0.413 0.92]
28.6 0.5 o.4794 0.5Y44 0.$78
57.3 1.0 0.44 Y 0.5Y

(a) Which of the following relationships are true for some portion of the above table?

:. _ tand) , |
1. sin@ =tan@ A I Mj)es'l SH\@:"I:""BEQ'

2. sinf = cos 0 r stha
3. cosf =tané
4. 6 =tanf

6. 6 =cos@

(b) For what angles are these equations valid?

6?"0.6 raJ > a,‘oou‘l: L{ 7, ercor
©=04 rad @ 77 3% error

@:O.'}»mfx = ~ .57 ercor

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

SinBd =8 On\‘/ work for @ in (‘.\JJM;‘.
fan® = O

\

Problem Statement: When observing a double slit interference pattern, you note that it is in a regime where the small angle
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approximation is a safe approximation to make.

Which of the following relationships can you assume to be true?

m A

O | D sneKkl

=2 M

= A snd

_ Im
Jm 2 tan O ="

L £ el D> kel

&

= 11<<i = y,..<<L
L

_i_‘<<ﬂ_ D for smalm

Problem Statement: When observing a double slit interference pattern for 500 nm wavelength light incident on slits with a separation of
around 1 mm, you notice that the distance between the 3rd and 4th order bright spots is 5 mm.

If the screen is 15 meters from the slits, what is the precise slit separation?

A= 5006m ) [Ny ) D shal o
d ~ lan

Act lll: Proportional Reasoning and Limits of the Model

Problem Statement: Suppose the viewing screen in the figure is moved closer to the double slit. What happens to the interference
fringes?

B = 4
1. A plane wave is incident
o tha dachla clis
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1.They fade out and disappear. o e b . Pe— -1
t 2. Waves spread out
2.They get out of focus. o v behind each slit “
m=2
3. They get brighter and closer together. ::" . \\\‘\\\ “
4.They get brighter and farther apart. 1) V1 \J\l\l\' L | L m=1
1)) ) ) L e
5.They get brighter but otherwise do not change. ) <’ #y\f}-?\,g,‘ -I'\f\ e
w))‘*)"l"wﬂ'/y' e
vl | |
i
’é 6 M Top view of K /// B
an - L the double slit 7 m=z
3. The waves interfere n;' the i m=3
region where they overlap.
L_ 4 > ¢ 1. Bright fringes occur where m=4
= the antinodal lines intersect
>/h the viewing screen

) Closer

Some @mam-l: of ljhf in sealler pae S \or:gH»cr\.

Problem Statement: When observing a double slit experiment, you notice that yn, for some fringe is getting smaller. Which of the
following could be causing this?

1. The slit separation is decreasing CJ .
\ 2. The slit separation is increasingJ Vvl >\ = sn 6
3. The wavelength of the light is increasing
L4. The wavelength of the light is decreasing } . >\
/3. Thedistance betweensfits and screen is increasing 5 n 6 - M —

d
Line= 2= oL > Ny o dT

Yt > L L > K
\/nJ' > 9\1'

Problem Statement: A particular double slit experiment using 600 nm wavelength light and 50 um slit separation. How many total fringes

would appear on an infinitely large screen?
-C; n J Mmax M
-

% M
(:’m MO~ ,\ i D\ . aasal \\lm 8-940"
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Yine max r

ax M o
; m>\:é SinB :> mnwc L\O\,Fr)ug \,JLZ/\ ©->a0
" S sn() = 220 - gL
— M,,.“ = ->T Sia (?0 = L0 nm - )
| M =0

L
5 Y frige wil appeer oa secen, B il

%?) thp;

m=)

N I e ﬂfﬁ"\gﬂs

a=-|

?3 Qin){,!

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?

1. Yes, A <d
2. Yes,A>d
3. No, any slit separation will produce an interference pattern

Mmaoax B = Cioo

S el rush hane 8<90°7
B md—>‘< sin (40)
> X <d

Problem Statement: In a particular double slit experiment you notice that the small angle approximation is a good approximation. If the
wavelength decreases by a factor of 2, what happens to y,?

1. It quadruples

;. Itdoubl?s YV] >\ i A Sl/\ 6

4. It decreases by a factor of 2
5. It decreases by a factor of 4

>\_, ) ;8:5\{\9;&
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Conceptual questions for discussion

1. Coming soon to a lecture template near you.

Hints
WO.2.L1-1: No hints.
WO0.2.L1-2: No hints.
WO.2.L1-3: No hints.

WO0.2.L1-4: No hints.
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