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Wave Optics
Foundation Stage (WO.L2.2)

Lecture 2
Multi and Single Slit, Crystallography and Spectroscopy
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Textbook Chapters (* Calculus version)

BoxSand :: KC videos ( Single and Multi Slit Interference )

Knight (College Physics : A strategic approach 3) :: 17.3;17.5

*Knight (Physics for Scientists and Engineers 4th) :: 33.3;33.4

Giancoli (Physics Principles with Applications 7th) :: 24-1; 24-5; 24-6 ; 24-7
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Warm up

WO.2.1L2-1:

https://oregonstateuniversity-my.sharepoint.com/personal/walshke_oregonstate_edu/_layouts/15/Doc.aspx?sourcedoc={21ea6c25-5fab-4328-8956-a6e93b96d5f1} &action=edit&wd=target%280ptics.one%7C4cce0la3-8f... 1/21


https://boxsand.physics.oregonstate.edu/ph203/optics/slit-interfer-fundamentals

4/13/2021 OneNote
Description: Conceptual question about diffraction.

Learning Objectives: [?] - Can you identify the objectives from the previous lecture, and this lecture, that this question is relevant to?
Problem Statement: Which of the following apparatus causes light to diffract?

) Double slit.
) Multi-slit.

) Single slit.

) Circular aperture.
) Edge of a knife.

Selected Learning Objectives

1. Coming soon to a lecture template near you.

Key Terms

Multi-slit (i.e. diffraction grating)
Reflection grating

Single slit

Crystallography

Spectroscopy

O O O O O

Key Equations

Key Concepts

o Coming soon to a lecture template near you.

Questions
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Act I: Multiple Slit Interference

WO0.2.L2-2:
Description: Conceptual question about diffraction and interference. (2 minutes)

Learning Objectives: [?]
Problem Statement: What is the difference between diffraction and interference?

(1) Diffraction refers to multi-slit scattering while interference refers to double slit scattering.
@ Diffraction is relevant only to single slit apparatus. Interference is relevant to all wave phenomena.
) Diffraction is the focusing of light to a spot. Interference is the sinusoidal wave patterns of traveling light.
(4) Diffraction is a process that changes the direction of light waves. Interferendeddi§ lvtliere two light waves meet at a point.
(5) Thereisno diﬁqj‘e%@lﬁ&w{aen diffraction and interference.

WO0.2.L2-3:
Description: Differentiate between double slit interference patterns and multi-slit interference patterns. (2 minutes + 2 minutes)

Learning Objectives: [?]

Problem Statement: A double slit apparatus produces the interference pattern shown below.

N\ :
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(a) If a second double slit is placewto the original pair of slits, what does the interference pattern now

look like?
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(b) What does the interference pattern look IIQZ sets of double slits are placed next to each other?
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Description: Differentiate between double slit interference patterns and multi-slit interference patterns. (2 minutes )

Learning Objectives: [?]

- P LF P 1 /. E rf-\‘-i A 7
Prol@1 Statement~\White w&kfﬂé&ﬁ—aff;b, ;c}]ﬂjg\r’e %ask%ﬁ %c?fi”cf‘t(ﬁe %v‘\avelength of a laser. Which of the following apparatus would
you use to find the wavelength if you wish to have as little uncertainty as possible?

(1) Double slit.
(2) Multi slit.

(3) Single slit.

(4) Ruler.

WO.2.1L2-5:

Description: Conceptual question about diffraction and white light. Proportional reasoning with diffraction grating math model for PLD.
(2 minutes + 4 minutes)

Learning Objectives: [?]

‘ Problem Statement: White light is sent through a diffraction grating and a rainbow is observed as seen below.

(a) @at best explains this observation?

(1) Since white light is made up of all wavelengths, the wavelengths interact with
each other to produce the rainbow.

https://oregonstateuniversity-my.sharepoint.com/personal/walshke_oregonstate_edu/_layouts/15/Doc.aspx?sourcedoc={21ea6c25-5fab-4328-8956-a6e93b96d5f1} &action=edit&wd=target%280ptics.one%7C4cce0la3-8f... 5/21
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(2) Since white light is made up of all wavelengths, the diffraction through the slits
separates each wavelength.

3) Since white light is made up of all wavelengths, the light looks like a rainbow
@wen it shines on any surface.

<

Rainbow= { ——
RainbowN) ——
Rainbow W +—

Rainbow -h ——

Rainbéw N {——

Rainbo\o/l—L 1

Rainbow I +—
Rainbw  —

(b) For each rainbow that is separated from the center bright spot, which of the following
is true?

(1) The red side is farthest from the center of the screen, the violet side is closest to
the center.

(2) The red side is cloﬁs‘égtg pe cenfem of the scrée%, tye:vg),]ptﬁdé‘isﬁattbﬁstﬁrom
1 m

the center.
(3) The red side is on the left of the center, the violet side is on the right.

(4) The ride side is on the rig@m@eygen{er,%e violet sﬂjg is o@(h@eft@-ﬁ 7‘

WO.2.L2-6:

Description: Diffraction grating question given wavelength, lines per distance, screen distance, and fringe of interest, find the angle. (2
minutes + 3 minutes + 3 minutes + 6 minutes) —~

Learning Objectives: [?]

Pro@n Statement: 600-nm-light passes through a diffraction grating with N = 2500 lines per centimeter. The screenis L =115 cm away
from the grating. We eventually wish to deter_mine at what angle the 3rd order bright fringe is located at.

(a) What mathematical model would work for dets_rfnr;i_ning the angle ofM\g brﬁéhﬂfringes?So d _ A
\ ~ e —
= Y

- = DT
(1) dsin(®)=(m+1/2) A SLIT
(2) dsin(B)=mA l ¢ -
(3) Nsin(B)=(m+1/2)A C}: n X |~ - VYIO ‘M
(4) Nsin(6)=mA 2566 510 6o o~

O
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(b) What is the distance between each slit?

(1) 0.25m /2 4 e
&) 0mm gs/nOn = M2
8 40 um

(c) 600-nm-light passes through a diffractipn grating with N 2500 lines per centimeter. "I;he creen is L =115 cm away from the grating.
At what angle is the 3rd order bright fring%cgtml gt,., t r\ 6 ) 3 660)’(0 3

(1) 41.1°
(2) 12.4°

(3) 8.63° (?3 ~ L
(4) 26.7°
(5) 17.3°

(d) How many total frldges njhe screen if the screen is large enough?

(L’ 00 - 6.6

AR
Mo ™ (606 xae” (€06 107m)

S Mony = 6

Tore # Barawr FRVSE =AM, +!
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WO0.2.L2-7:

Description: Conceptual question about shining a laser on a DVD and observing an interference pattern. (3 minutes)

Learr@% Objectives: [?]

Probjem Statement: A laser is shone onto the surface of a DVD. The image below shows a picture of the interference pattern produced.
Whi f the following are related to this system?/é\

(1) PLD.

(2) Double slit.

(3) Diffraction grating.
(4) Single slit.

(5) Reflection grating.

Act lI: Single Slit Interference

WO.2.L2-8:
https://oregonstateuniversity-my.sharepoint.com/personal/walshke_oregonstate_edu/_layouts/15/Doc.aspx ?sourcedoc={21ea6c25-5fab-4328-8956-a6e93b96d5f1 } &action=edit& wd=target%280ptics.one%7C4cce0la3-8f... 8/21
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Description: Conceptual question comparing multi-slit and single slit analysis. (3 minutes)

Learn@ Objectives: [?]

Problem Statement: Which of the following stateméqgfs csgfrectly describes the major difference between single and multi-slit analysis?

-L'-~ P
(1) Multi-glit math modekiscompletely differenl
A\

(2) Mﬂl- Ht math model typica s while sin¥e-slit math modgltypically uses bright fringes.
(3)% i-slit math model typicallywuses bright frirjges while single slit math model typically uses dark fringes.

ha‘h sipgle slit mg_’gh m&gﬂel_lgquuse the mechanisms for interference are

P=2

WO0.2.L2-9:
Descriﬁ'on: Proportional reasoning with single slit PLD math model. (4 minutes)

Learning Objectives: [?]

O\S','/\@P: ?) L“'”V\@p"ﬂp W:rlﬂ)

Problem Statement: A single frequency laser is shone on a single slit of width a. If the slit width a decrez%ses, what happens to the angle
of the 4th dark fringe? W/l ewr g Lf

AP A

(1) Increases. L"- o ‘]/

(2) Decreases.
(3) Stays the same.

I+ 67 e w T
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ey G T v g 1

WO0.2.L2-10:
Description: Conceptual question about small angle approximation with single slit apparatus. (3 minutes)

Learr@k Objectives: [?]

OL S(A@cx: P >\

Problem Statement: If the small angle approximatk%nis\ valid, which of the following relationships are true?

5;(\@(3: o

(1) a<<A A

(2) a>>A (V4%

(3) ax=A
post BE TheS ALL A
Ll
For. Spett O
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WO0.2.12-11:
Description: Proportional reasoning question for single slit apparatus. (5 minutes)

Learning Objectives: [?]

O

Problem Statement: Green light is incident on a very thin slit and illuminates a distant screen. Which of the following statements are
true if small angles are assumed?

) g» [ Q ton8p & (9['
(1) If thé gi Awidthfis doubled, than the width of the central maximum will increase by a factor of two.
(2) If the slit width is doubled, than the width of the central maximum will decrease by a factor of two.
(3) If the distance to the screen |s bled th the width of the ceqtral maximum will increase by a factor of four.
(4) If@hé@i&t&feﬁo ﬂPmé)screen is Sﬂ?the width Wthe c:itr maximum will decrease by a factor of four.

OL@P"'\'P) L(gp';’tj()
)/ W’;QNL)
A
G e =
IF a — 24 IfF L=
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WO0.2.12-12:

Description: Given screen distance, wavelength, distance between two dark fringes, find slit width for single slit apparatus. (6 minutes)

Learning Objectives: [?]
5 ASSunk Smac O

Problem Statement: A screen is placed 50.0 cm from a single slit, which is illuminated with 690 nm light. If the distance between the first

and third minima in the diffraction pattern is 3.00 mm, what is the width of the sljt? - a
ﬁ R
[»

bed s S
1) 0.23 2% eeeemen o- .
2) 0.4222 b3 A9, 23 re Afja;“ L (03—@;
3) 0.11 mm < e % 3
4) 0.37 B ~ f
5) 0.18 22 A P=1.- oy @3, O = €3
1 —_ _____’Ml_'_\v_ L
q[ dNP:,
P2
N A, =~ |
<J*3 ' U — Q(&y@;) ~A
i- Py a &3 ~ 3):
= 56 ¢m
L 049y - 3
L
2L) LYKo

Q =
49
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WO0.2.L2-13:
Description: Conceptual question about diffraction comparing light and sound. (4 minutes)

Learning Objectives: [?]

Problem Statement: Which of the following statements best explains why the diffraction of sound is more apparent than the diffraction
of Ii@under most circumstances?

(1) Sound requires a physical medium for propagation.

(2) Sound waves are lon d| and Jight waves are transverse.

(3) Light waves can be r r% éd‘by))%s while sound waves cannot.

(4) The speed of sound in air is six orders of magnitude smaller than that of light.

(5) The wavelengths of visible Iiglﬁ\)’j/c%sijjﬁgq.bly smaller than the wavelengths of sound.

raxl
THb@pT

Act lll: Applications | Crystallography and Spectroscopy
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Description: Conceptual question about crystallography. (3 minutes)

Learnig Objectives: [?]

Problem Statement: When light shines on the surface of certain types of matter an interference pattern is observed. Where does the
path length difference come from when light shines on to these types of matter?

the 5th dimension.
LD comes cattering off different atomic layers of the matter.

EE comes fron ifferent color of the object compared to the color of the light being shone on it.
mé from t

ctric and magnetic fields.

e

Description: Conceptual question about crystallography. (4 minutes)

Learning Objectives: [?]

https://oregonstateuniversity-my.sharepoint.com/personal/walshke_oregonstate_edu/_layouts/15/Doc.aspx ?sourcedoc={21ea6c25-5fab-4328-8956-a6e93b96d5f1 } &action=edit& wd=target%280ptics.one%7C4cce0la3-8... 14/21
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Problem Statement: The scattering pattern for 3 different geometries is shown in the figure. The three geometries, which were used as
targets to scatter light off of, are also shown. Match each target with their associated scattering pattern.

y Scattering Targels patte Interference Sca{f/éring
Icosahed;% Hglgecgé\&%r& J‘:_Try[g-tﬂ:_,@c(:;’cahedra Patterns Targets

A 4

— ~a~ L. -
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WO0.2.L.2-16:

Description: Conceptual question about spectroscopy. (3 minutes)
Learning Objectives: [?]

Problem Statement: Benny the Beaver is working at Castor National Laboratories studying a star in the Gemini constellation. Which
device should Benny use to separate the light from the star into its constituent wavelengths?

(1) Double slit apparatus.

(2) Diffraction grating apparatus.
(3) Single slit apparatus.

(4) Reflection grating apparatus.
(5) A katana.

O _ Ao EaS «/ T70K MITRE M wAvES

e Dy PR SHIRT 1E
WO.?%-17: ~ P & T @ELﬁTED Py EauarT, s oFf SIATIC
Descr@tlon Conceptual questidn alqut s ectrosco minutes

P WF . pyf&s LE/“\EN‘J

Learning Objectives: [?]

Problem Statement: Physicist analyze the electromagnetic spectrum of astrophysical objects to make inferences about which of the
following?

(1) Temperature.

https://oregonstateuniversity-my.sharepoint.com/personal/walshke_oregonstate_edu/_layouts/15/Doc.aspx ?sourcedoc={21ea6c25-5fab-4328-8956-a6e93b96d5f1 } &action=edit&wd=target%280ptics.one%7C4cce0la3-8... 16/21
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(2) Velocity.
(3) Gas pressure.
(4) Overall composition.

WO.ﬁ}-l&

Description: Conceptual question about spectroscopy. (3 minutes)

—~—

Learning Objectives: [?] T
l

—_—_

Problem Statement: Thgﬁ)oe tral Iin&s of a distant star are shown to match only two elements. What features of the lines can be used to
- T B o
determine the percentage of elementth the star?

OF TUT [ pobslY

(1) Frequency. IA

(2) Wavelength.

(3) Intensity. \
(4) Doppler shift.

Element 2

] ) >
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O

WO0.2.L2-19:
C= £
Description: Conceptual question about spectroscopy. (3 minutes )

g = 3)6[05 M/_é A Con Sonss
Learning Objectives: [?]

S0 L

Problem Statement: What feature of the spectral lines could be used to determine the relative motion of the star to Earth?

I AT e T

(1) Frequency. I
(2) Wavelength. So = F A On Earth
(3) Intensity. \
(4) Doppler shift. TR l/l[e] T

W

(O TS ANRS From— vJ

M

A
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OneNote

ds;f\@;;mﬁ

My = V 0
O % 7/ /
= WA
C)Sl\/\@\n_:l)v dg(‘/\ (9-0‘: l >‘ [o]

Descrjption: Giv¢{ distanice betveeh SiItS, wavelengths, and fringes of interest, find angular separation. (8 minutes)

| e ° ]
Learnjug ObjéctivegT [?] . _{~/"Vv =2 @Vz = 4Y.901 06 ;= [ 617

‘ s illuminated at a normal incidence with a
pardllel beam of white lightimthe 400 nm to 700 nm wavelength band W?ngula?)w'glth of the gap between the first order spectrum

and the second order spectrunj is closest to:

(1) 3.3°
(2) 4.3°
(3) 5.3°
(4) 6.3°
(5) 2.3°
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Conceptual questions for discussion

1. Coming soon to a lecture template near you.

Hints
WO0.2.L2-1: No hints.
WO.2.L2-2: No hints.
WO0.2.L2-3: No hints.
WO.2.L2-4: No hints.
WO0.2.L2-5: No hints.
WO.2.L2-6: No hints.
WO0.2.L2-7: No hints.
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WO0.2.L2-8:

WO.2.L2-9:

WO0.2.1.2-10

WO0.2.L2-11:

WO0.2.12-12:

WO0.2.L2-13:

WO0.2.12-14:

WO0.2.L2-15:

WO.2.12-16:

WO0.2.L2-17:

WO.2.12-18:

WO0.2.L2-19:

WO0.2.12-20:

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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