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22.1 Light and Optics
22.2 The Interference of Light

1. The figure shows the light intensity recorded by a piece of film
in an interference experiment. Notice that the light intensity

comes “full on” at the edges of each maximum, so this is not the

intensity that would be recorded in Young’s double-slit
experiment.

a. Draw a graph of light intensity versus position on the film.
Your graph should have the same horizontal scale as the
“photograph” above it.

b. Is it possible to tell, from the information given, what the
wavelength of the light is? If so, what is it? If not, why not?

‘No ,one Would need Yo know the
%dis{-o«\c.e,-k-o dre $iln.

2. The graph shows the light intensity on the viewing screen during
a double-slit interference experiment.

a. Draw the “photograph” that would be recorded if a piece of
film were placed at the position of the screen. Your
“photograph” should have the same horizontal scale as the
graph above it. Be as accurate as you can. Let the white of
the paper be the brightest intensity and a very heavy pencil
shading be the darkest.

b. Three positions on the screen are marked as A, B, and C.
Draw history graphs showing the displacement of the light
wave at each of these three positions as a function of time.
Show three cycles, and use the same vertical scale on all
three.
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3. The figure below is a double-slit experiment seen looking down on the experiment from above.
Although we usually see the light intensity only on a view screen, we can use smoke or dust to make
the light visible as it propagates between the slits and the screen. Assuming that the space in the figure
is filled with smoke, what kind of light and dark pattern would you see as you look down? Draw the
pattern on the figure by shading areas that would appear dark and leaving the white of the paper for
areas that would appear bright.

Two slits

A\\
;‘x,

\/ //» '(

Viewing screen

Top view of
experiment

4, The figure shows the viewing screen in a double-slit experiment. For
questions a—c, will the fringe spacing increase, decrease, or stay the
same? Give an explanation for each.

a. The distance to the screen is increased.

The $rinoes Will\oecame tmoce
WidelySeporoted.

SIS o~ L

b. The spacing between the slits is increased.

The Feinaes Will become ynove
c,\osgf\xi sg\o\c&d
AN =

c. The wavelength of the light is increased.

The frinaes will became move
wWidely Sepm(‘o:\-e.d.

sSwWnO --—a“

d. Suppose the wavelength of the light is 500 nm. How much farther is it from the dot in the center of
fringe E to the more distant slit than it is from the dot to the nearer slit?

Eac\\'Fr‘ncsc-‘;fom C represesds an
oddirond! o len ‘r\«x of A-Thewfore,
Yo the centes o%-?vml mfe,s ocpoA-\/\
\e“‘ﬁm difSefence, oS &?\ 1 O
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22.3 The Diffraction Grating

5. The figure shows four slits in a diffraction grating. A set of Huygens
wavelets is spreading out from each slit. Four wave paths, numbered 1 to 4,
are shown leaving the slits at angle 6. The dashed lines are drawn
perpendicular to the paths of the waves. \
a. Use a colored pencil or heavy shading to show on the figure the extra ¢
distance traveled by wave 1 that is not traveled by wave 2.

b. How many extra wavelengths does wave 1 travel compared to wave 2?
Explain how you can tell from the figure.

One woVelenotn. Each Semicicele
wovelet fepredenyaine crest ofF o
wone Sront. The distonce oesween
wone Gronts iSone \WN os\!e.\ex\ﬁ\-

c. How many extra wavelengths does wave 2 travel compared to wave 3?

one wa\Je.\e.wa\-\(\ :

d. As these four waves combine at some large distance from the grating, will they interfere
~constructively, destructively, or in between? Explain.

Conshructively. The path lenatn
difFerences (e allinteoer mé\\' p\es
- Some. Woselenoin (AL NA)-

e. Suppose the wavelength of the light is doubled. (Imagine erasing every other wave front in the
picture.) Would the interference at angle 6, then be constructive, destructive, or in between? Explain.
Your explanation should be based on the figure, not on some equation.

The poctih lenadn differences Wounld
Hhen corvespond Yo one-nolf
wovelenedn Sadine indrerTecence
wow\d e destructive.

f. Suppose the slit spacing is doubled. (Imagine closing every other slit in the picture). Would the
interference at angle 0, then be constructive, destructive, or in between? Again, base your
explanation on the figure.

T the slit Spocing\Weve dowlo\ed,
Hentne Podia lenan differevce

o€, Would nexeose. to o \NONQXQY\§\(\S
oS e ndrerfetence. would e congtructive.
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6. These are the same slits as in Exercise 5?7 Waves with the same wavelength are spreading out on the
right side.

a. Draw four paths, starting at the slits, at an angle 6, such that the wave along each path travels two
wavelengths farther than the next wave. Also draw dashed lines at right angles to the travel
direction. Your picture should look much like the figure of Exercise 5, but with the waves traveling
at a different angle. Use a ruler!

b. Do the same for four paths at angle 8,, such that each wave travels one-half wavelength farther than
the next wave.

Ar=2a Ar:%,\

7. This is the interference pattern on a viewing screen behind two
slits. How would the pattern change if the two slits were
replaced by 20 slits having the same spacing d between adjacent
slits?

a. Would the number of fringes on the screen increase, decrease,
or stay the same?

Stosysfne sowne .

b. Would the fringe spacing increase, decrease, or stay the same?

Stonsthe Sowne..

c. Would the width of each fringe increase, decrease, or stay the same?

Decveoses. The %nges \cecome. (\avrrawey

d. Would the brightness of each fringe increase, decrease, or stay the same?

j‘\ng‘(—c'\vx%es \eome bﬁ%\/\*iﬂ T2 N°T
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22.4 Single-Slit Diffraction

8. Plane waves of light are incident on two narrow, Incident light
closely-spaced slits. The graph shows the light i i l l l l
intensity seen on a screen behind the slits.

a. Draw a graph on the axes below to show the light
intensity on the screen if the right slit is blocked,

allowing light to go only through the left slit.
b. Explain why the graph will look this way. /\A/\M/\AAA
Tre sinle siit difeoction iy )
poer contains o brood

Cevvival moximum . The /\
P cowex Two stit interFevence =
podtern diSoppesys wWhen

one. Slit i coveted.

Intensity

9. This is the light intensity on a viewing screen behind a slit of
width a. The light’s wavelengthis A. IsA < a, A =a, A > q,
or is it not possible to tell? Explain.

{K(O\I SeNevol<econcloy \ Moo
appeay For 08inCp=p2 1 the Rest
Mmoo Srom e cevderal axitnuwm
ceq’u‘\ms NS = %t. ) which must

be lessdhon |-

10. This is the light intensity on a viewing screen behind a rectangular
opening in a screen. Is the shape of the opening

C ] oror [1?
Explain.

The nacYowey e apening

i in ovporticulow direction,
e %i‘e_od-er e Spread'w\% ot
Hae WV %t\’c o diceckion.
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11. The graph shows the light intensity on a screen behinda  Intensity
0.2-mm-wide slit illuminated by light with a 500 nm
wavelength.

a. Draw a picture in the box of how a photograph taken
at this location would look. Use the same horizontal

scale, so that your picture aligns with the graph above.
Let the white of the paper represent the brightest
intensity and the darkest you can draw with a pencil
or pen be the least intensity.

b. Using the same horizontal scale as in part a, draw
graphs showing the light intensity if

i. A =250nm, a = 0.2 mm.
il. A = 1000 nm, ¢ = 0.2 mm.
iii. A =500 nm, ¢ = 0.1 mm.

Intensity A= 1000 nm

a=10.2 mm

22.5 Circular-Aperture Diffraction

12. This is the light intensity on a viewing screen behind a circular
aperture.

a. If the wavelength of the light is increased, will the width of the
central maximum increase, decrease, or stay the same? Explain.

TheWwidtn increoseS.
e.z.‘%ﬁ So ©, Wereoses With A

b. If the diameter of the aperture is increased, will the width of the central maximum increase,
decrease, or stay the same? Explain.

The widta decvenses.
O, decfeases with iy eoSin 3 D.

c. How will the screen appear if the aperture diameter is decreased to less than the wavelength of the
light?

'ur\'\%fm\\) %f‘&\,. No mnimo
W ouwld Oppeoy:
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22.6 Interferometers

13. The figure shows a tube through which sound waves
with A = 4 cm travel from left to right. Each wave
divides at the first junction and recombines at the
second. The dots and triangles show the positions of the L=8%cm Divide

wave crests at t = 0 s—rather like a very simple wave N # |Recombine

front diagram. n T out

a. Do the recombined waves interfere constructively or o —> o o —> o 4/ — 4
destructively? Explain. m —

Constructively. %

difference iSon w\’c e mulYiple

of the wowelen wove Q“e‘s’r .

positionsole some,o:\-x-\:\eowrpw

b. How much exzra distance does the upper wave travel? ... \\NOC¥

How many wavelengths is this extra distance? Ll‘

c. Below are tubes with L = 9 cm and L = 10 cm. Use dots to show the wave crest positions atz = 0's
for the wave taking the lower path. Use triangles to show the wave crests at £ = 0 s for the wave
taking the upper path. The wavelength is A = 4 cm. Assume that the first crest is at the left edge of
the tube, as in the figure above.

A A
A A A
t=0s 1=0s ‘ A
&
L=10cm
L=9cm A A ‘
In A Out In QOut
* —> & » . e & = *« —> @ . ™ % )
8 cm 8cm 8cm 8cm
d. How many extra wavelengths does the upper wave travel in the L = 9 cm tube? L"' 5-
What kind of interference does the L = 9 cm tube produce? Des* rU\d‘\V e
e. How many extra wavelengths does the upper wave travel in the L = 10 cm tube? 5

What kind of interference does the L = 10 cm tube produce? C'QV\S‘\'\” \AC:\' e
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14. A Michelson interferometer has been adjusted to produce a bright spot at the center of the interference
pattern.
a. Suppose the wavelength of the light is halved. Is the center of the pattern now bright or dark, or is it
not possible to say? Explain.

The contes of He podrern Will Still e, br‘\%\:\k.
For o oriah Spotto Gppea; e pothle

con only difkes loy infeaer i’ my (FipleS of
Hhe wovel enoin . L6 Hne wowel IS
nolved e \en will now di ffey

bi am, ‘wnicn is ST constroctive

W _nee.

b. Suppose the wavelength of the light doubled to twice its original value. Is the center of the pattern
now bright or dark, or is it not possible to say? Explain.

Tt is lmpuss\b\&e’m fnb %\)e?\:&\\i e

e ditfered OY oninteoe:e multi
ng\ne me,\en Hh IF {?\Ir\o& m‘na%r isodd, pe
thenthe poin AiRrerence 1SVOW o AAA ikt \D\Q
of ool Wwim,w\ni A would couse
destrucrive i vence, OF o dork Spot
I e inteoer Wos even dhen e podns
Wil skl diffec loy o iy ﬁﬁe@ rulriple of o
\Nowe\ey\%*m oem:\%e cavvrex™ Wil e ‘DV‘\SWV
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