Tutorial 4 Problems

Tutorials varied this week since it was midterm week. If workbook problems
were done, they were a selection of the following problems:

Workbook (2nd edition)
Chapter 23:
22,27, 28, 30

Chapter 24
6, 33

Chapter 25:
2,3
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Ray Optics - CHAPTER 23 23-7

23.5 Color and Dispersion

18. A beam of white light from a flashlight passes through a red piece of plastic.
a. What is the color of the light that emerges from the plastic?

Red

b. Is the emerging light as intense as, more intense than, or less intense than the white light?

L3S Wense

c. The light then passes through a blue piece of plastic. Describe the color and intensity of the light that
emerges.

No \i 3\«\% eMe(ELS.

19. Suppose you looked at the sky on a clear day through pieces of red v, &
and blue plastic oriented as shown. Describe the color and Red :
brightness of the light coming through sections 1, 2, and 3. 3

Section 1: R\ e ; A\ oPney Colors oe |
cbsorbed. (lesseningthe bv'\}v\’vmss)

Section 2: %\M - [ia\(\-\— CSSQY\'\';Q\ \I does - _m_ d
not ot ¥nvrouq

Section 3: Red . A\ otner (dlors oe

N . Blue
obSoced. (lesse«\w\?}-\he bﬁ%\'éwxcsb)
20. Sketch a plausible absorption spectrum for a patch of Absorption
bright red paint. 100%|
50%
0% . . —— A (nm)
400 500 600 700
21. Sketch a plausible absorption spectrum for a piece of Absorption
green plastic. 100%
50%
0% A (nm)

400 500 600 700



23-8 cuarTER 23 - Ray Optics

23.6 Thin Lenses: Ray Tracing

22. a. Continue these rays through the lens and out the right

side.

b. Is the point where the rays converge the same as the
focal point of the lens? Or different? Explain.

Yes, it isHhe focal point Wheve

épo«a\\e,\ 'mc.ic:\ex\* YoNS

onve

lace a poin ource of light at the place where

f

the rays converged in part b. Draw several rays

heading left, toward the lens. Continue the rays

—

through the lens and out the left side.
d. Do these rays converge? If so, where?

No {‘\f\e.m\{s al\ eexae.
pmm\\e,\ To¥e optical
ARXIS.

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

Roy 3 Posses -\-\(\Tom%

-Pﬂe Focal powt
eS posoliel Yo tne

\—‘m (NUS

A

|

v

A

]

o

raw the rays you identified in part a as s

they pass through the lens and out the ! -
other side 2|

d. Label the image point. What kind of
image is this?

. \)_\ - .
c. Use a different color pen or pencil to draw \,ka e
the trajectories of the other rays. (*—— — -) 4
1 A

?Re.a\ , Tovected
|

{

e. The fourth figure shows a second point

source. Use ray tracing to locate its image
point.

| 2 e

f. The fifth figure shows an extended object.
Have you learned enough to locate its
image? If so, draw it.
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Ray Optics - CHAPTER 23 23-9

24. An object is near a lens whose focal points are marked with dots.

a. Identify the three special rays and continue them through the lens.
b. Use a different color pen or pencil to draw the trajectories of the other rays. (= — — )

25. a. Consider one point on an object near a lens. What is the minimum number of rays needed to locate
its image point?

2¥0ys Cross ot the \on%e, Point.

b. For each point on the object, how many rays from this point actually strike the lens and refract to the
image point?

An nFinite number | Alldnose,
Hnod strike Phe lens from the Joject
potnt will converae fothe Wnoge poind.
26. An object and lens are positioned to form a

well-focused, inverted image on a viewing

screen. Then a piece of cardboard is lowered just
in front of the lens to cover the fop half of the

lens. Describe what happens to the image on the

screen. What will you see when the cardboard is v /1
in place?

YQ\A W .\ \\ S‘\‘.\ \\ See. M Lens
entice imoag Joud

WAl be. divarnex aslesS

Vol PosSes ftouan

e lens.

Screen




23-10 cuAPTER 23 - Ray Optics

27. An object is near a lens whose focal points
-
are shown. T - — = —

a. Use ray tracing to locate the image of this object.

b. Is the image upright or inverted? \/\'\

upy ics\r\%
c. Is the image height larger or smaller than the
object height?

\O&(‘%ex‘

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

Nirtuel Hne Coys donet womerae

Fo e iNo0L point, buk appeear to

nodve o Trom nexe Osthey divevag Tcomne leng
Theockual lict doesinet PossHougnine imoag palnd:

28. 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.

e

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

Roys londz !

b. Draw the rays you identified in part a as o 1_ >
they pass through the lens and out the | ;
other side.

c. Use a different color pen or pencil to
draw the trajectories of the other rays.

d. Find and label the image point. What
kind of image is this?

Nirtuod,

Wpv \3\(\*
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Ray Optics - cHAPTER 23 23-11

23.7 Thin Lenses: Refraction Theory

29. Materials 1 and 2 are separated by a spherical surface. For each part:

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

ii. Draw the trajectories of seven rays from the object that pass through the seven dots.

iii. Trace the refracted rays either forward to a point where they converge or backward to a point from
which they appear to diverge.

30. A converging lens forms a real image. Suppose the object is moved farther from the lens. Does the
image move toward or away from the lens? Explain.

The imoae Moves Closey Fothe lens louk Nevey
closer Fhan Phe Focol point. I Fr = conshon
SO increasina de tust decrease d, .

31. A converging lens forms a virtual image. Suppose the object is moved closer to the lens. Does the
image move toward or away from the lens? Explain.

The im acg TaoNRs Toword e lenis. Decyeas MS d,
counses d, toineease but d i vmg:d- we, ,So

'\vr\c;r«.o\s‘\v\ca3 d, ™okes + o Smaller Y\QSO:\'N{ nuoe




23-12 cuaArTER 23 - Ray Optics

23.8 Image Formation with Spherical Mirrors

32. Two spherical mirrors are shown. The center of each is marked. For each:
i. Draw the normal to the surface at the seven dots on the boundary.
ii. Draw the trajectories of seven rays that 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.

s \.\l\r‘fu\a\

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.
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Optical Instruments

24.1 Lenses in Combination

24.2 The Camera

1. Use ray tracing to locate the final image of the following two-lens system.

2. Can you tell what’s inside the box? Draw one
possible combination of lenses inside the box,
then show the rays passmg through the box.

Theve ore Mo Simp \e.
Solutions ‘l“WbC.OV\\le, /
O ove. Conver Neqmg \ens.

3. Two converging lenses wirdse focal points s . — T

are marked, are placed in front of an object.

a. Suppose lens 2 is moved a little to the
left. Is the final image of this two-lens
system now closer to or farther from

lens 2? Explain.

Fw-khex-‘r’vm\ex\s& f6 lens & Mmoves to
e left thed ‘mo%e, -me long loppears
clogex -\-o levs o Lvnad im
T(om lens 2ot :s-Yu.  owoN CThe wx\ wgg \r\owe\kx moves 4o
e gl oy on amouet le.ss-%’nam lens 3 MOVes

b. With Iens 2 in its original position, suppose lens 1 is moved a little to the left. Is the final i nnage of
this two-lens system now closer to or farther from lens 2?7 Explain.

Lens 2

%AFo.H-\r\er Srom lens . As lens | mowes 5\‘ Fothe leSt the
| 0&?.*\\'\0:\' i\ producz.s MoOVes & oW +o~Hn€.
for \ens dosex'\‘o lens 3 (Waich

o et moved} o«\d 50 s Fivol \m e MUST IR Further
E-\'a %Q 2\/\"\" ecouge the doiect ondimoae distonces
orocals. 24-1



24-2 cuapTER 24 - Optical Instruments

4. A photographer focuses his camera on an object. Suppose the object moves closer to the camera. To
refocus, should the camera lens move closer to or farther from the detector? Explain.

As Phe olbieck moves close
Fothe cornexolens e imooe.
moves ooy fromthe lens. To
detect Phe Mmoo e lens Needs
bo be woved WY +o ollow Fo cthe
\owrogx '\MO@SQ, distonce.

5. The aperture of a camera lens has its diameter halved.
a. By what factor does the f~number change?

The §- number Wncreases
oy on Fockor of 3.

§- ooy = ‘F/D

b. By what factor does the focal length change?

Thhe Yool \emcs\-\r\ dses
noY c\ncm%e,.

¢. By what factor does the exposure time change?

To 0cieVe, Yne Same total
Lot enexay onthe Silm e
exXPoSuxe, Fime MLt Wareose,
by o Fosdror of & because Hne
i ﬁ\’v WenS '\‘\\] Cronaes Gsthe
didwete Sctucmed.
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Optical Instruments - CHAPTER 24 24-3

24.3 Vision

6. Two lost students wish to start a fire to keep warm while they wait to be rescued. One student is
hyperopic, the other myopic. Which, if either, could use his glasses to focus the sun’s rays to an intense
bright point of light? Explain.

Tre nyperoptic (far -siaksted ) Student uses Conve: mca levses
Yo corvect ismicw%or neaxioy dojects, sohis fexises
owld algo Focus |iant from mda%hﬂ'P Prce.. T\neW\\[oPcc
student's lerses a dwergmﬁ

7. Suppose you wanted special glasses designed to let you see underwater, without a face mask. Should
the glasses use a converging or diverging lens? Explain.

Broouse ofthe lowvgey (efvactive index of watey Compowed
To0dy, Jou would teed o\sk‘ro\ns\ Converaing lensto dssist
our eyes INCampevsation fov 'Pf\e Sl ctive index
Jﬁemm \oetween wWotex andthe lens of your eye.
24.4 Optical Systems That Magnify

8. a. To double the angular magnification of a magnifier, do you want a lens with twice the focal length or
half the focal length7 Explain. -

Holf +he Focal le_ns\—\/\

| - dRem
M= T

b. Does doubling the angular magnification also double the lateral magnification? Explain.

(;\emm\\ O. AV\ wlor maanificotion depe\nds
OY\\\.I {-:I bud- lm Vol ma%w?ncod-xov\ e pends
uponS avd S' (orSand §).

9. For a telescope, increasing the focal length of the objective increases the overall magnification. For a
microscope, increasing the focal length of the objective decreases the overall magnification. Why are
they different?

Forthe microscape the imos d;shvxc,e, isfixed b -Hne
Tuloe \e\'@/\ ondHhe dojedt is keyondhe cloect
\eygg:v\ © Oo echve%m\ e a\s+o *
lowrgeyolojectd: shnce and Smatles o V\vﬂcod'\()\ﬂ
Fort teleSeope., the Ooject is ot infin
intermediote. \mo%ns od- he dojective ¥ocod \

a lmr%er -%ca\\ gt\lesgf en&ex‘ W\O\Sv\\? \CDI\'\D‘Q




24-4 CcHAPTER 24 - Optical Instruments

24.5 The Resolution of Optical Instruments

10. A diffraction-limited lens can focus light to a 10-um-diameter spot on a screen. Do the following
actions make the spot diameter larger, smaller, or leave it unchanged?

a. Decreasing the wavelength of the light: SMO\\. \QX-'
b. Decreasing the lens diameter: o

c. Decreasing the lens focal length: lG\ RXC (Du’f °¥ &’IA’-S)
d. Decreasing the lens-to-screen distance: .. l O\V%Q( LQU.JY 'A¥ %Q\AS)

11. An astronomer is trying to observe two distant stars. The stars are marginally resolved when she looks at
them through a filter that passes green light near 550 nm. Which of the following actions would improve
the resolution? Assume that the resolution is not limited by the atmosphere.

a. Changing the filter to a different wavelength? If so, should she use a shorter or a longer wavelength?

Sne would ootain betfex
CRIVLFISN WiTh O et
mo&e\e_ros\%r\. O\ 92 A

b. Using a telescope with an objective lens of the same diameter but a different focal length? If so,
should she select a shorter or a longer focal length?

I‘\‘ W \\\T\O‘\' W\O\\ﬂt_ O\d{ g‘\:e_;rgy\cg.

¢. Using a telescope with an objective lens of the same focal length but a different diameter? If so,
should she select a larger or a smaller diameter?

Lowaexr dieweter leods to
e trex Yesolut ovy

d. Using an eyepiece with a different magnification? If so, should she select an eyepiece with more or
less magnification?

T+ will nar moke adifference.
Mo m%\co&mv\ iShot o
Foctor in (esoludion.
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Modern Optics and
Matter Waves

25.1 Spectroscopy: Unlocking the Structure of Atoms

25.2 X-Ray Diffraction
25.3 Photons

1. The figure shows the spectrum of a gas discharge tube.

400 nm 500 nm 600 nm 700 nm

What color would the discharge appear to your eye? Explain.

Blie, becouse oSk of Hre emitred wonelenaig
Foll in e 430-510 0m fonae -
2. The first-order x-ray diffraction of monochromatic x rays from a crystal occurs at angle 6. The crystal

is then compressed, causing a slight reduction in its volume. Does 6, increase, decrease, or stay the
same? Explain.

©, decreosesS. Prsthe Cryshol is compressed, the spocin
'’ orrwiee Plones of odros decfeases The Ren ]

ovdirioN is mA=3dcosBm v Asd decrenses g
tmustinarense. Bud o0 nerenses os 8 decrenses.

3. Three laser beams have wavelengths A; = 400 nm, A, = 600 nm, and A; = 800 nm. The power of each
laser beam is 1 W.
a. Rank in order, from largest to smallest, the photon energies E;, E,, and E; in these three laser beams.

Order:E‘ >E a Pg E, 3
. Explanation:
The eneryy pec pneton depends only ondhe
Frequency so E=h§ =/ The Sma\\et]r
Wavelenahs corvespond to W e feequendes.

25-1



25-2 cHAPTER 25 - Modern Optics and Matter Waves

b. Rank in order, from largest to smallest, the number of photons per second Ny, N,, and N; delivered
by the three laser beams.

Order: N3>NQ- >N )
Explanation:
Becovse e Ezwus e equel Hneve must

R ove. POTONS Wit Yne. Ny PRY
Proton IS \QSS

4, The top figure is the negative of the photograph of a
single-slit diffraction pattern. That is, the darkest areas
in the figure were the brightest areas on the screen.
This photo was made with an extremely large number
of photons.

Suppose the slit is illuminated by an extremely weak

light source, so weak that only 1 photon passes through . LA J
the slit every second. Data are collected for 60 seconds. ’ A B ¥
Draw 60 dots on the empty screen to show how you . e E
think the screen will look after 60 photons have been * ——y . ,

detected. B o

ve *

5. A light source at point A emits light with a wavelength of 1.0 um. One photon of light is detected at
point B, 5.0 wm away from A. On the figure, draw the trajectory that the photon follows from A to B.

A Steod i\)h’r line | B

A
i

1 | 1 5/.¢m | 1 t
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Modern Optics and Matter Waves - CHAPTER 25 25-3

25.4 Matter Waves

6. The figure is a simulation of the electrons detected behind a very
narrow double slit. Each bright dot represents one electron. How
will this pattern change if the following experimental conditions are
changed? Possible changes-you should consider include the number
of dots and the spacing, width, and positions of the fringes.

a. The electron-beam intensity is increased.

Thenumber- of dotg will
ncavrease ,louk will still
appeat in oonds of ¥he same
Wi dn.

b. The electron speed is reduced.

Q;'s\r‘\“&-\:\-\\e_Speed e ﬂ"!\&k
WoNe ey \m{zo&&,s‘\‘\%\(;c\{\t\é
Widey , MBeR Spredd-our Fyinad

with %esmmen\xm\ou oS dotdineac.

c. The electrons are replaced by positrons with the same speed. Positrons are antimatter particles that
are identical to electrons except that they have a positive charge.

T\(\e.‘?r'\ﬂge, pottern 1S
Umc\no\v\Sed.

d. One slit is closed.

The Podteyn \Rcomes &Si*ﬁ%}e\
shit diSE cockion Podiern-TThe
o~ slit interferance, potiern
iseliminoted

7. Very slow neutrons pass through a single, very narrow slit. Use 50 or 60 dots to show how the neutron
intensity will appear on a neutron-detector screen behind the slit.

& ¥ - -




25-4 cHAPTER 25 - Modern Optics and Matter Waves

8. To have the best resolution, should an electron microscope use very fast electrons or very slow
electrons? Explain.

Fost eleckcons Wil have
aSnevey wonelenain
leadivnato less difocon
Speedivg ond \oetrey
esSoluion.

25.5 Energy Is Quantized

9. a. For the first few allowed energies of a particle in a box to be large, should the box be very big or
very small? Explain.
ha
3

The\oox Should ke Very Small. En=n T
Wheye LS lexnatn of4he looXx. wu
For oaivenyn, Sl L leods To

lofoe enexayN-

b. Which is likely to have larger values for the first few allowed energies: an atom in a molecule, an
electron in an atom, or a proton in a nucleus? Explain.

Aproton in o Nudeug Fhen gn eleckronin onotom and
Ginally, 00 o0 in amolecule . AsHhe Size ScalR increasrs,

“

The allowed enetairs Decsne SMal Y. Thoudnthe ofokan
oS 15 1300 é&"r@( “Srenihe elecHons %és‘(v\\\xdtgw won's
lenodn SCale IS TR Snaltes and o Mote. 5\%‘\'\;&3,\3{
Q—o;cg?b( (2.

10. The smallest allowed energy of a particle in a box is 2.0 X 1020 J. What will be the smallest allowed
energy if the length of the box is doubled and the particle’s mass is halved?

The smallest ollowed enexay 1% halved. 1LOXI0 T
W oW
F e ST 5
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