(WO.L2.2-sols) Foundation Stage Solutions

Monday, January 22, 2018 5:44 PM

Wave Optics
Foundation Stage (W0.L2.2)

Lecture 2
Multi and Single Slit, Crystallography and Spectroscopy

Optics Timeline

General Two Wave Optics Ray Optics
Source Interference
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Textbook Chapters (* calculus version)

BoxSand :: KCvideos ( Single and Multi Slit Interference )

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

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

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

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?

1)) 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
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https://boxsand.physics.oregonstate.edu/ph203/optics/slit-interfer-fundamentals

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

Act |: 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.
(2) Diffraction is relevant only to single slit apparatus. Interference is relevant to all wave phenomena.
(3) Diffraction is the focusing of light to a spot. Interference is the sinusoidal wave patterns of traveling light.
Diffraction is a process that changes the direction of light waves. Interference occurs when two light waves meet at a point.
(5) There is no difference between diffraction and interference.
INTERFRnLs

DipacrTer

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.

(a) If a second double slit is placed next to the original pair of slits, what does the interference pattern now
look like?
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(b) What does the interference pattern look like if 42 sets of double slits are placed next to each other?
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WO0.2.L2-4:
Description: Differentiate between double slit interference patterns and multi-slit interference patterns. (2 minutes)

Learning Objectives: [?]

Problem Statement: While working in a lab, you are tasked to find the wavelength 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?

& Doublesllt _— Chmbu o FhIvE (E65 nckrrhiz:
(3) Single slit.
(4) Ruler.
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WO0.2.L2-5:

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) What best explains this observation? ) _E' ____________
(1) Since white light is made up of all wavelengths, the wavelengths interact with each
other to produce the rainbow.

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 when
it shines on any surface.
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(b) For each rainbow that is separated from the center bright spot, which of the following is
true?

Rainbow =

Rainbow
Rainbow L) 4

=

=
Rainbow N E

—

@ The red side is farthest from the center of the screen, the violet side is closest to
the center.

(2) The red side is closest to the center of the screen, the violet side is farthest from
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 right of the center, the violet side is on the left.
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WO0.2.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: [?]

Problem 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 determine at what angle the 3rd order bright fringe is located at.

(a) What mathematical model would work for determining the angle of the bright fringes?

(1) dsin(®)=(m+1/2)A
@ dsin(@)=mA
(3) Nsin(8)=(m+1/2)A
(4) Nsin(@)=mA

_ Ns Stzr so A
(b) What is the distance between each slit? -9& = d D3¢ d - W~
SAaT
(1) 0.25m | em -
(2) 0.25¢cm d: I~ ~ Yxo ‘M
(3) 0.4 mm 250 S0 6o «~

@)4.0um

(c) 600-nm-light passes through a diffraction grating with N = 2500 lines per centimeter. The screen is L = 115 cm away from the grating.
At what angle is the 3rd order bright fringe located at?

/s )/
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(c) 600-nm-light passes through a diffraction grating with N = 2500 lines per centimeter. The screen is L = 115 cm away from the grating.
At what angle is the 3rd order bright fringe located at?

(1) 41.1° VA J /
(2) 12.4° ds,’AGp\ = M)

(3) 8.63°
26.7°
(5) 17.3°

Q‘f m“h) Sia (93) =} (666/(0"’ ~ )

0’)3‘- 267"

(d) How many total fringes are on the screen if the screen is large enough?

("IXIO“"\) . 6-‘7
(600 x107'w)

S Mg, = 6
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WO.2.L2-7:

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

Learning Objectives: [?]

Problem Statement: A laser is shone onto the surface of a DVD. The image below shows a picture of the interference pattern produced.
Which of the following are related to this system?

@ rwo.

(2) Double slit.

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

@ Reflection grating.

A
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Act Il: Single Slit Interference

WO0.2.L2-8:

Description: Conceptual question comparing multi-slit and single slit analysis. (3 minutes)

Learning Objectives: [?]
Problem Statement: Which of the following statements correctly describes the major difference between single and multi-slit analysis?

(1) Multi-slit math model is completely different than single slit math model because the mechanisms for interference are
completely different.

(2) Multi-slit math model typically uses dark fringes while single slit math model typically uses bright fringes.

@ Multi-slit math model typically uses bright fringes while single slit math model typically uses dark fringes.

(4) There is no difference in the math models used for multi-slit and single slit.

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

Learning Objectives: [?]

Problem Statement: A single frequency laser is shone on a single slit of width a. If the slit width a decreases, what happens to the angle
of the 4th dark fringe?

@ Increases.

(2) Decreases.

(3) Stays the same. QS,n Gr: ?) L‘(’Q/\epa— ‘_-jp W = ;.‘j)
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WO.2.L2-10:
Description: Conceptual question about small angle approximation with single slit apparatus. (3 minutes)
Learning Objectives: [?]
Problem Statement: If the small angle approximation is valid, which of the following relationships are true?
a a<<A
a>>A
(3) a~A A Sinbp= P A
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WO0.2.12-11:
Description: Proportional reasoning question for single slit apparatus. (5 minutes)

Learning Objectives: [?]
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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?
e

%

If the slit width is doubled, than the width of the central maximum will increase by a factor of two.
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 is doubled, than the width of the central maximum will increase by a factor of four.
(4) If the distance to the screen is doubled, than the width of the central maximum will decrease by a factor of four.
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WO.2.1.2-12:

AL
(2]
IF a = 24 IF L3¢

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

Learning Objectives: [?]

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 slit?

@023 mm

(2) 0.42 mm
(3) 0.11 mm
(4) 0.37 mm
(5) 0.18 mm
Py
p=3 . -
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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 light under most circumstances?

(1) Sound requires a physical medium for propagation.

(2) Sound waves are longitudinal, and light waves are transverse.

(3) Light waves can be represented by rays while sound waves cannot.

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

@ The wavelengths of visible light is considerably smaller than the wavelengths of sound.
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Act lll: Applications | Crystallography and Spectroscopy

Description: Conceptual question about crystallography. (3 minutes)

Learning 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?

(1) PLD comes from the 5th dimension.

@ PLD comes from the scattering off different atomic layers of the matter.

(3) PLD comes from the different color of the object compared to the color of the light being shone on it.
(4) PLD comes from the electric and magnetic fields.
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Description: Conceptual question about crystallography. (4 minutes)

Learning Objectives: [?]

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.

Scattering Targets Interference | Scattering
Icosahedra | Decahedra Trunc. Octahedra Patterns Ta rQEtS
A B C

B
C

@ ¢ @

Y Symapits o TnRFERECE parb”

MAHES  QymBifs s~ oS .

Description: Conceptual question about spectroscopy. (3 minutes)

Learning Objectives: [?]

Optics Page 10



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.
@ Diffraction grating apparatus. \—— SHAPEST FRINRE_S
(3) Single slit apparatus.
(4) Reflection grating apparatus.
(5) Akatana.

WO.2.1.2-17:

Description: Conceptual question about spectroscopy. (3 minutes)

Learning Objectives: [?]

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

(73 Eas 6 b AVE S
@ Temperature. =~ AL ot3ESS w/ T70K MITHE M Ay

O velocity. ~ Doftde SWIRT NAIE
O Gaspressure.  n, peT REmbo UTa EamT, of A
Overall composition.
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WO0.2.L2-18:

Description: Conceptual question about spectroscopy. (3 minutes)

Learning Objectives: [?]

Problem Statement: The spectral lines of a distant star are shown to match only two elements. What features of the lines can be used to
determine the percentage of each element in the star?

(2) Wavelength.
3D Intensitv.

(1) Frequency. I T

g
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(1) Frequency. I A
(2) Wavelength.
@ Intensity. \
(4) Doppler shift.

Element 2
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WO0.2.L2-19:

Description: Conceptual question about spectroscopy. (3 minutes)

Learning Objectives: [?]

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

(1) Frequency. I
(2) Wavelength. A On Earth l
(3) Intensity. \
@Doppler shift.
C=F2
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Description: Given distance between slits, wavelengths, and fringes of interest, find angular separation. (8 minutes)

Learning Objectives: [?]

Problem Statement: The spacing of ruled lines on a diffraction grating is 1900 nm. The grating is illuminated at a normal incidence with a
parallel beam of white light in the 400 nm to 700 nm wavelength band. The angular width of the gap between the first order spectrum
and the second order spectrum is closest to:

@33
(2) 4.3° 0’3'./\0;} M

(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.
WO0.2.L2-2: No hints.

WO.2.L2-3: No hints.
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WO.2.L2-4:

WO0.2.1L2-5:

WO.2.1L2-6:

WO0.2.L2-7:

WO0.2.1L2-8:

WO0.2.L2-9:

WO0.2.1L2-10:

WO0.2.12-11:

WO.2.L2-12:

WO.2.L2-13:

WO0.2.L2-14:

WO0.2.L2-15:

WO0.2.L2-16:

WO0.2.L2-17:

WO0.2..2-18:

WO0.2.1L2-19:

WO0.2.1L2-20:

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.

No hints.

No hints.

No hints.

No hints.
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