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terms of tlre angular separation of lines of diflerent wavelenglh (D = A'0|AZ) and in terms of the

grating propsrtie s (D: mldcos?1. You should know the meaning ofthe resolving power and how

to calculate it in terms of the difference in wavelength (R = il LX) and in terms of grating
properties (R: Nm).

You should know that the diftraction angle for the first minimum of a circular aperture is given

by dn : sin-r(l.22)/d), where d is tle diameter of the aperhre. You should also know that this

expression also gives the Rayleigh criterion for the resolution of two far-away objects . If d> 1

then dn is given in radians by 0n - 1.ZT"/d.

You should be able to use the Bragg condition for diffraction from a crysta1: 2dsinq: tnA.

Remember tlat dis measured fiom the reflecting planes, not their normal. Some ptoblems ask
you to use the Bragg condition to find the atomic separation in a crystal.

Questions and Example Problems from Chapter 36

Question I
You are conducting a single-slit diffraction experiment with light of wavelength 1.. what
appears, on a distant viewing screen, at a point at which the top and bottom rays tlrough the slit

have a path length difference equal to (a) 5X ard (b) 4.51"?
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shows the lines produced by diffraction gratings A and B using light of the

,Y
.,-' Question 2

t (a) Figure a below
same wavelength; the lines me of the same order and appear at the same angies 0. Which grating

has the greater number ofrulings? (b) Figure b below shows lines of two orders produced by a

single diffraction grating using light oftwo wavelengths, both in the red region of the spectrum.
Which 1ines, the left pair or right pair, are in the order with gteater m? Is the center of the
diffraction pattern to the left or to the right in (c) Fig. a and (d) Fig. b?
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Problem I
Monochromatic light of wavelength 441 nm is incident on a narrow siit. On a screen 2.00 m
away, the ilistance between the second diffraction minimum and the central maximum is 1.50 cm.
(a) Calculate the argle of diffraction 0 of the second minimum. (b) Find the width of the slit.
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Problem 2
A slit 1.00 mm wide is illunrinated by light of wavelength 589 nm. We see a diffraction pattem
on a screen 3.00 m away. Wlat is the distance between the first two dif&action minima on the
same side of the central diffraction maximum?
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A single-slit diffraction experiment is set up with light of wavelenglh 420 nm, incident
perpendicularly on a slit of width 5.10 pm. The viewing screen is 3.20 m distant. On the screen,
what is the distance between the center of the diffraction pattem and the second diffraction
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Problem 4
The figure below gives cr versus the sine ofthe angle 0 in a single-slit dif&action experiment
using light Of wavelength 6 i 0 nm. The vertical axis scale is set by as cr, : I 2rad. What are (a) the
slit width, ft)the totd number of diffiaction minima in the pattern (count them on both sides of

the cenjg{ qf.tlE diffr-action pattem), (c) t@ leaq! q4gle fora minimum, and (d) the greatest atgle
for a minimum.
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Problem 5
A double-slit system with individual slit widths of 0.030 mm and a slit separation of 0. i 8 mm is
illuminated with.5001rm light directed perpendicular to the plane of the slits. What is the total
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Problem 6
In a double-slit experiment, the slit separation d is 2.00 times the slit width w. How many bright
interference fringes are in the central diffraction envelope?
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Problem 7
Light of wavelength 600 nm is incident normally on a diffraction grating. Two adjacent maxima

occur at angles given by sin 0 : 0.2 and sin 0 = 0.3. The fourth-order maxima are missing. (a)

What is the separation between adjacent slits? (b) What is the smallest slit width this grating can

have? (c) which orders of intensity maxima are produced by the grating, assuming the values

derived in (a) and (b)?
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A diffraction graring 20.0 mm wide has 6000 rulings. (a) Cilcuiate the distance d between ttt =J 
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adjacent rulings. (b) At what angles 0 will intensity maxima occul on a viewing screen if the /ror''^€
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Problem 9
A grating has 600 rulings/rnm and is 5.0 mm wide. (a) What is the smallest wavelength interval
it car resolve in the third order at l, = 500 nm? (b) How many higher orders of maxima can be
seen?

N/- = 6oD**r-w!/ n\

{.,l) -- 5'd n rr1

(") 4=xT z--N
A\

A ) = !5b9:O.
[ooo)(a)

(u)

\\ -- aoo6

a\= )*'
Nr\

frtx(1-rn< v\ d=-/u ,- r^Yuou"#..= l,u't,166n

.n  t  ( ru l r tdbn) ' /
r\ I : 

'76oat61^

-> cr'v\-AA"4r
Probfem 10 / .-<=:
The D iine in the spectrum of sodium is a doublet ffih wavglen@T S956d- A9'6ffi.
Calculate the minimum number of lines needed in a grating that will resolve this doublet in the
second-order spectrum.
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Problem l l
An x-ray be4m of a ceriain wavelength is incident on a Nacl crystal, at 30.0" to a certain family

of refleiting planes of spacing 39.8 pm. If the reflection from those planes is of the fnst order'

what is the wavelength of the x raYs?
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Problem 12
ln the figure below, an x-ray beam of wavelengths from 95.0 pm to 140 pm is.incident at 45o to a

family oi reflecting planes with spac irry d -- 27 5 pm. At which wavelengths will these planes

produce intensity maxima in their reflections?
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Problem 14
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Problen 13
The two headlights of an approaching automobile arc 1.4 m apart. At what (a) angular separation
and (b) miximum distance will the eye resolve them? Assume that the pupil diameter is 5.0 mm,
aad use a wavelength of 550 nm for the light. Also assume that difffaction effects alone limit the
resolution so that Rayleigh's criterion can be applied.
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In June 1985, a laser beam was sent out from the Air Force Opfical Station on Maui, Hawaii, and

\-. reflected back from the shuttle Discovery as it sped by, 354 km overhead. The diameter of the
central maximum of the beam at the shuttle posilion was said to be 9.1 m, and the beam
wavelength was 500 nm. What is the effective diameter of the laser aperhrre at the Maui ground
station? (Hint: A iaser beam spreads only because of diffraction; assume a circular exit aperture.)
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