Review: Reflection and refraction

As a wave moves between
the media, its wavelength
changes but its frequency
remains constant.

b

IEL S LW Indices of Refraction

i
_C Index of Index of
> nm = -(Tl Substance Refraction Substance Refraction
7y Solids at 20°C Liquids at 20°C
7 ] > Cubic zirconia 2.20 Benzene 1.501
v Diamond (C) 2.419 Carbon disulfide 1.628
A Fluorite (CaF,) 1.434 Carbon tetrachloride 1.461
1 5 U; Fused quartz (SiO,) 1.458 Ethyl alcohol 1.361
> Gallium phosphide 3.50 Glycerin 1.473
A A > Glass, crown 1.52 Water 1.333
Bayiis l vy Glass, flint 1.66
> Ice (H,O) 1.309 Gases at 0°C, 1 atm
c Polystyrene 1.49 Air 1.000 293
> Ny = 0_2 Sodium chloride (NaCl) 1.544 Carbon dioxide 1.000 45
\ Note: All values are for light having a wavelength of 589 nm in vacuum.
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Review: Diffraction

When light passes through a narrow slit, it spreads beyond the narrow path
defined by the slit into regions that would be in shadow if light traveled in
straight lines. This phenomenon is called diffraction.

When A << d, the rays continue When A = d, the rays When A >> d, the opening
in a straight-line path and the spread out after passing behaves as a point source
ray approximation remains valid. through the opening. emitting spherical waves.
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Fraunhofer diffraction: all light rays are approximately parallel to each
other. We consider situation with long distance from the diffracting object.
Fresnel diffraction: the diffraction pattern created near the object.
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Review: Diffraction | —>

Each portion of the slit acts as
a point source of light waves.
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The path difference between
rays 1 and 3, rays 2 and 4, or
rays 3 and 5 is (a/2) sin 6.

General condition for destructive interference:
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Exercise

A screen is placed 50.0 cm from a single slit, which is illuminated with light of
wavelength 690 nm. If the distance between the first and third minima in the
diffraction pattern is 3.00 mm, what is the width of the slit?

Phat Srimanobhas; Diffraction 4



Exercise

Suppose light strikes a single slit of width a at an angle f from the perpendicular
direction as shown in the figure. Show that the condition for destructive interference,

must be modified to read sin Oy, = m— —sinff; wherem =+ 1, £ 2,...
a

Phat Srimanobhas; Diffraction



Interference patterns from N slits

Double Slit Interference

Incident
plane This will be modified by
wave the single slit diffraction

envelope.

Four Slit Interference

Incident T .
plane This will be modified by
wave the single slit diffraction

envelope.
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Note: Scale 2x that when diffraction included.
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Note:Scale 2x that when diffraction included.

Three Slit Interference

Incident
plane This will be modified by
wave the single slit diffraction

envelope.

Five Slit Interference

Incident
plane This will be modified by
wave the single slit diffraction

envelope.

Note:Scale 2x that when diffraction included.
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Note:Scale 2x that when diffraction included.



Grating

Incoming plane
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The diffraction grating, a useful device
for analyzing light sources, consists of a
large number of equally spaced parallel
slits. A transmission grating can be made
by cutting parallel grooves on a glass
plate with a precision ruling machine.
The spaces between the grooves are
transparent to the light and hence act as
separate slits. For example, a typical
grating ruled with 5000 grooves/cm has
a slit spacing d = (1/5000) cm = 2.00x10-4
cm.
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Exercise

A helium—neon laser (A = 632.8 nm) is used to calibrate a diffraction grating. If the
first-order maximum occurs at 20.5°, what is the spacing between adjacent grooves in
the grating?

Phat Srimanobhas; Diffraction 8



Exercise

Light of wavelength 500 nm is incident normally on a diffraction grating. If the third-
order maximum of the diffraction pattern is observed at 32.0°, (a) what is the number
of rulings per centimeter for the grating? (b) Determine the total number of primary

maxima that can be observed in this situation.
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Interference + diffraction patterns from N slits

1

Ir;gznt Double Slit Diffraction
o wave |
Single slit
envelope
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i of pmo . ’ Incident . . . . by
":f,;ﬁ"‘ Three Slit Diffraction Dlane Five Slit Diffraction /<
' Single slit ; Single slit
envelope envelope
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Interference + diffraction patterns from N slits

ntxd%xSin[t] ]]2 [S'in[ﬂ* axSin[t] / w] ]2.

xaxSin[t] /w

Infe4:= IntDifInten[d , a , t , w_ ] := [Cos[
w

. Sin[nxa*xSin[t] / w] \?
DifInten[d , a , t_ , w_ ] := [ ] 3

nxaxSin[t] /w

a = Plot[IntDifInten[184107°, 3+10°°, t, 560+ 10"°], {t, -0.1x, 0.1x}, PlotRange » {0, 1}];

b = Plot[DifInten[18%10™°, 3+107°, t, 500%107°], {t, -0.1x, 0.1x}, PlotRange » {0, 1}, PlotStyle -» {Red, Dashed}];
Show[a, b]
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Exercise
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Exercise
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(2) 3NNZ8 (1) N IVUA T ANAINNNING 5 bl TASINAT LazwadNaaanIiANNE1IAEY 600 U T
WAT WHIILALFINNANZNAMNNINADNAN

ar as

LHUANNARIRINAVRE?

Refractive Index n = 1.5
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Exercise
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Exercise

(3) 91N2D (2) S1aNTBNTAKRITDY 15 IRl adnKiegad NHAMNAINGHNNY LaTTEasring
SeWINNZRUTU b LALRYLFINLHRAINNAADINUS N ULEN 11D (2) TAguauaI2UINAUNT 99N
9D L22BINSHNSNEDARLUULESN (constructive interference) WATALAUIZAILAVFINNNA

(4) 328 (3) NANTINABIANNFNWUSIZRINAMHGN | AUNN \theta 2DIFNARNNNITUNINADA
LazLAYILUY DAYUA 19 b Hatlu 15 Lu Tasiuas

o s

LHUANNAAIRINAVHY

Refractive Index n = 1.5
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Exercise
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Exercise vs Exam
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Refractive Index n = 1.5
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