. Wave Optics

17.1 What is Light?
-]
1. A light wave travels from vacuum, through a
transparent material, and back to vacuum. What is

the index of refraction of this material? Explain.
Fa
71. 2! - %2 J-z
()= % (2)

2. A light wave travels from vacuum, through a
transparent material whose index of refraction is
n = 2.0, and back to vacuum. Finish drawing the
snapshot graph of the light wave at this instant.

17.2 The Interference of Light

3. The figure shows the light intensity recorded by a S mm
detector 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 jt? If not, why not”

Intensaty

© 2015 Pearson Education, Inc.
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v ] : ree Intensity
4. The praph shows the light intensity on the viewing screen "

during a double-shit interference experiment. Draw the i \ \
“photograph” that would be recorded if a piece of film 4'

were placed at the position of the screen. Your “photo- |

graph” should have the same horizontal scale as the graph I Position

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.

*ae
e

v
DR

t
. 3%t

v

et

.
.

LT B

Photograph
- The figure shows the viewing screen in a double-slit experiment.
For questions a-¢, will the fringe spacing increase, decrease, or
stay the same? Give an explanation for each. :
a. The distance to the screen is increased.

J—/hcreue : v z¥‘ar Sowmt y 3§ 05 '8

incresses, X increase S

b. The spacing between the slits is increased.

ﬂbreause, MOre, disfonce betwietn S/l"ﬁ' megas

More. inter Can oOcCcur-

¢. The wavelength of the light is increased.

1'\crusc) 2 means IC“ ;U“-"ﬁ"ut{,
Wt h
W GOOPO-N .

_In a double-slit experiment, we usually see the light intensity on a viewing screen. However,
we can use smoke to make the light visible as it propagates between the slits and the screen.
Consider a double-slit experiment in a smoke-filled room. What kind of light and dark pattern
would you see if you looked down on the experiment from above? Draw the pattern on the
figure below. Shade the areas that are dark and leave the white of the paper for the bright

areas. Hint: What is the condition for constructive interference? For destructive?
Two slits

Top view of
experiment

Viewing screen

© 2015 Pearson Education, Inc
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17.4 Thin-Film Interference

12. The figure shows a wave transmitted from air through a thin oil film on water. The film has a
wekne ) N
thickness 1 = Ay /2, where A is the wavelength of the light while in the ol

a. Referring to the indices of refraction shown on the figure, indicate at each boundary with a
Y (yes) or N (no) whether the reflected wave undergoes a phase change at the boundary

b. Draw in the reflected wave (rom the first I)()undury%lﬁ'ﬁ()‘und the reflected wave from the
second b(’ll"d"l')ﬁ&VWNlcr). Extend both reflected waves back to the left edge of the figure.
Hint: If there's no phase change, the reflected wave retraces the incoming wave., With a
phase change, the reflected wave is “upside down” relative to the incoming wave.

¢. Do the two reflected waves interfere constructively, destructively, or in between? Explain.

Ove hes o P‘\&" ca“-“dc, He olher does net

13. The figure shows a wave transmitted from air through a thin oil film on glass. The film has a
thickness 1 = A,;/2, where A is the wavelength of the light while in the oil.

a. Referring to the indices of refraction shown on the figure, indicate at each boundary with a
Y (yes) or N (no) whether the reflected wave undcr;?»x;qghasc change at the boundary,

b. Draw in the reflec % ave from the first boundary (air/oil) and the reflected wave from the
second boundary (& éass). Extend both reflected waves back to the left edge of the figure,
Hint: If there’s no phase change, the reflected wave retraces the incoming wave. With a
phase change, the reflected wave is “upside down” relative to the incoming wave,

¢. Do the two reflected waves imcrfcr destructively, or in between? Explain.
71.3 beth- w«hgo o ?ML A‘ae_

i
|
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o hetween two flat glass plates that
14, The higure shows the fringes seen due o a wedge of ait I)L:“;L_n 500 nm

_ . ; wavelength " . :
touch at one end and are illuminated by light of wave leng

Glass g Al

Glass

a. By how much does the wedge of air increase in thickness as you move from one dark fringe
to the next dark fringe? Explain.

“alf a wudvab (250""0)' Ac{t‘f"’;’; ""4“7&““‘6(_”

is dve 4o o pulk luak diffrence

\
b. By how much does the wedge of air increase in thickness from one end of the above figure
to the other? ¢

l/"% = 2A = [/000 pm
: (/000 amf

-ﬁvinacf

¢. Suppose you fill the space between the glass plates with water.
dark fringes get lurgerr stay the same? Explain.

q in. vt 15 Swmaller e g

Will the spacing between the

wcation. Inc
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Wave Optics - CHAPTER 17

17.5 Single-Slit Diffraction

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

a. Draw a graph on the bottom axes to show the Intensity
light intensity on the screen if the right slit is
blocked, allowing light to go only through the ! i /
left slit. { \

b. Explain why the graph will look this way.

Intensity

s?a(e, slids have o wide, canda] |
ek and He -é-‘.?hr JqLJ.'u l

80.’ clo& .
16. The graph shows the light intensity on a screen Intensity =500 nm

behind a 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.

a=0.2 mm

Intensity

b. Using the same horizontal scale as in part a, A = 250 nm
draw graphs showing the light intensity if s
i. A=250nm,a=0.2mm.
ii. A= 1000 nm,a = 0.2 mm. RIS Gh DAL R
iii. A =500nm,a = 0.1 mm. Intensity
A = 1000 nm

a=0.2 mm

iv. A =500nm, a = 0.4 mm.

1

S M( Intensity
A = 500 nm
a=0.1 mm
T T T T T T T
Intensity
A = 500 nm
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Ray Optics

18.2 Reflection

6. a. Draw five rays from the object that pass through
points A to E after reflecting from the mirror.
Make use of the grid to do this accurately.

b. Extend the uﬂcucd rays behind the mirror.
¢. Show and label the image point.

7. a. Draw one ray from the object that enters the cye after ~
reflecting from the mirror. ( A

b. Is one ray sufficient to tell your eye/brain where the
image is located?

ND""“ /“"‘ 2 raMs are.-

M““‘avo Jc}crn.u, uku-c,
] sC

Yheir olion wovld
fo be. G

CHAPTER 18 18-3

lmag®-

\\‘!\

¢. Use a different color pen or pencil to draw two more rays that enter the eye after reflecting.

Then use the three rays to locate (and label) the image point.
d. Do any of the rays that enter the eye actually pass through the image point?

/Vo) I")LJ" V"f'/vﬁ-é

8. You are looking at the image of a pencil in a mirror.
a. What happens to the image you see if the top half of the
mirror, down to the midpoint, is covered with a piece of

cardboard" Explain.
: 7" Froe HeAop of-

Ll #g nufrofS
JP.%‘ i reflec 1o 9= ¢

o
- Mﬁpoim
—

-

-

R

b. What happens to the image you see if the bottom half of the mirror is covered with a piece

of cardboard? Explain.

%o contt see Hhe ruw/) r ;Hl. foe

hop

U'(:bt ‘“l. wmirror &re l‘uPecM "aug

,G.,,.a.., cdt.
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9. The two mirrors are perpendicular to each other that strike the mir
Yo - wO rays thal Suik g ’
a. Draw a ray directly from the object to point A. Then draw .

; » : - tace three rays to locate an imag
close 10 A. one on either side. Use the reflections ol these thr b

b. Do the same for points B, C, and D.
¢. How many images are there? Identify them on the sketch above.

3 indes
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Ray Optics

18.3 Refraction

10. Complete the trajectories of these three rays through
material 2 and back into material 1. Assume n, < n.

11. The figure shows six conceivable trajectories of light .
rays leaving an object. Which, if any, of these
trajectories are impossible? For each that is possible,
what are the requirements of the index of refraction n,? o

Impossible A ’ B
Requires n, > n, (4
Requires n, = n; D
Requires n, < n, E

Possible for any n, M F

12. Complete the ray trajectories through the two prisms shown below.

13. Draw the trajectories of seven rays that leave
the object heading toward the seven dots on the
boundary. Assume n, < n; and 6, = 47°.

© 2015 Pearson Education, Inc.
_:
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18.4 Image Formation by Refraction

14. a. Draw rays that leave the object and n -
refract after passing through points B, C. S

and D. Assume n, > n,. The refraction _ =

at B and D should be the same s ——
. ¥ 3 ———

don’t make it too big.

————.
B T c—

’*ﬁb G5 \ ‘"T'f S ——

b. Use dashed lines to extend the three refracted rays backward into medium 1. Then locate
and label the image point.

¢. Now draw the rays that refract at A and E.

d. Use a different color pen or pencil to draw three rays from

e. Does the distance to the object appear to be greater than, less than, or the same as the true
distance? Explain.

érca:‘fu’ -R\w) iv-at is belind e o‘gjecL

the object that enter the eye.

15. A thermometer is partially submerged in an aquarium. The ?
underwater part of the thermometer is not shown. !
a. As you look at the thermometer, does the underwater part T | l, E
appear to be closer than, farther than, or the same distance
as the top of the thermometer?

a{os&l’

3 lCOl;lplete the drawing by drawing the bottom of the thermometer as you think it would
ook.

on, Inc

@ 2015 Pearson Bdocaty
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18.5 Thin Lenses: Ray Tracing A

16. a. Continue these rays through the lens and out the

\‘w
other side. : - %

b. Is the point where the rays converge the same as ; j - :
the focal point of the lens? Or different? I xplain 3 \ - X}
Scuu. ) Fur;“e_l <§ A
. A
“ﬂfbd o»o om«“ b L\
x D T e
¢. Place a pmnt source of light at the place where ’
the rays converged in part b. Draw several rays -
heading left, toward the lens. Continue the rays &
through the lens and out the other side. 8|
d. Do lhuc rays converge? If so, where?
P #m
17. The top two figures show test data for .
a lens. The third figure shows a point . >
source near this lens and four rays . > ’
heading toward the lens. : A

a. For which of these rays do you know,
from the test data, its direction after
passing through lhc lens? i

- A awS V.v W ‘F ‘

J,Q, oo”‘ Por&”t/

b. Draw the rays you identified in part & e
as they pass through the lens and out
the other side.

¢. Use a different color pen or pencil (o
draw the trajectories of the other rays. w2

d. Label the image point. What kind of <l
image is this? R S

BT Y

"vi

af wf bl —

}“
4
O S R

¢. The fourth figure shows a second I t
point source. Use ray tracing (o locate N, Q’
its image point.
f. The fifth figure shows an extended
object. Have you learned enough to
locate its image? If so, draw it.



188 ciavrinn 18 Ray Optics

ed with dots.

: g - ark
I8. An object is near a lens whose focal points are m

: Identify the three special rays and continue them through the lens.[h £t~
2 : eT Tayvs.
b. Use a different color pen or pencil to draw the trajectones of the o :

19. An object is near a lens whose focal points l*‘a"

are shown.
a. Use ray tracing to locate the image of

this object.

b. Is the imagr inverted?

¢. Is the image heighr smaller than the
object height?

d. Is this a real or mage? Explain how you can tell.

AL ..
x Fepiler | oy

20. An object and lens are positioned to form a
well-focused, inverted image on a viewing
screep. Then a piece of cardboard is lowered
just in front of the lens to cover the top half of
the lens. Descﬁbewhathappmstomeimagc
on the screen. What will you see when the
cardboard is in place?

Lo 400 AN iduu‘-‘c..g)
b‘c_j}— divmer since ‘-ﬁ-é

-
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18.6 Image Formation with Spherical Mirrors

21. Two spherical mirrors are shown.

The center of each sphere 15 marked with an open circle
For each:

1. Draw the normal to the surface at the seven dots on the boundary.

ii. Draw the trajectories of seven rays that leave the object, strike the mirror surface at the
dots, and then reflect, obeying the law of reflection,

iii. Trace the reflected rays either forward to

a point where they converge or backward to a
point from which they diverge.

a. Identify the three special rays and show their reflections.
b. Use a different color pen or pencil to draw the trajectories of the other rays.

o
23. A 3.0-cm-high object is placed 10.0 cm in front of a convex mirror with a focal length of
—4.0 cm. Use ray tracing to determine the location of the image, the orientation of the

and the height of the image.
* Locate the mirror on the optical axis shown. Show its focal point with a dot.

* Represent the object with an upright arrow at distance 10.0 ¢m from the mirror.
* Draw the appropriate three “special rays” Lo locate the image.

image,

© 20135 Pearson Education, Inc.

ey
— | —
_
—
4 '\= & ; —



18-10 cuarten s Ray Optics

24, A converging lens forms a real image. Suppose the object is moved farther from the lens
Does the image get closer to or farther from the lens? Explan.

C'w do He ’us . H,__ ur-u.w -“w_ o‘)d‘ec!
‘|‘,+‘L‘- duu uu. .‘.ég_ J < 4‘0 He TACJ P‘-"v

’ . 2 - » " . »,
25, A converging lens forms a virtual image. Suppose the object is moved closer to the lens. Does
N 1 »
the image get closer to or farther from the lens? Explain. Y

aom’ L He (us} s a vicd
- B

Same s'de Of #Q_ Jeas — move #A. 0.
5 dosching He Lo & Hlo imepe ,,,(/1 ok He
Sase 0¢ He oh'c,d- 4 vp oa-'- f*ﬂ_ ws,

18.7 The Thin-Lens Equation

26. The figure is a ray diagram of image formation by a mirror. In this situation.
de Is ative. or zero?

di Iss’ posi veorzcro?

Is fpositivenegative, or zero?

positiveJnegative, or zero?

© 2015 Pearson Education, lnc



