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Optical Instruments

19.1 The Camera

1. 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.

Asthe oloject moves closer to the lens the image
s formed fartner from e lens o the lens
Srould lbe Moved owoy Fromthe detector +o

keepthe imoge on-the detector:

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

The F-numbexr ncreoges oy Ax.

b. By what factor does the focal length change?

The focal lengtin is me,\ncm%ed, but+e dep{-\q
of field is Sreocfer.

c. By what factor does the exposure time change?

The exoosue +ime increoses \0\[ ’-fx leCause
Hhe axeo. of lignk Callection is proporkional
tothe diameter Suared: Dropping thod area
b\/ ‘/q Y eq'u.'x‘( es ol \Onger exXpoSuce To wllect
Hhe ome ‘\'0‘\'&\ &W\OUL‘(C\' of | \6‘“* 19-1
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3. A camera iris diaphragm set to f/4 is shown.
f4

a. In the spaces provided, redraw the iris opening for the given f-stop if the same lens is used:
i.f/8 ii. f12.8.

Two Stops moreclosed,  One Stop move open,
decre,o\sivg-l‘ne diamete ¢ iv\creo\SiV\g-l-\ned\‘amdex
oy Ya. oy Ja.

O

b. Assuming equal illumination is required in each case, rank the diaphragm settings above,
from greatest to least, in terms of the shutter speed required. Note that a greater shutter
speed corresponds to a smaller amount of time exposure for the image.

Order: 'f/ag > 5/,_{ >§/€

Explanation:

Becouse 72.¢ lets in more |¢ \nt, e time exoosyue
foc equal illuminodion mustloe |ess cor (QSPondinj
oo %ceod'er dnutter Speed:
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19.2 The Human Eye

4. The human eye and a camera have many similarities, but one difference is how they focus.
a. What parameter of a camera is adjusted to keep the image focused on the detector as an
object moves away from the camera? Is this parameter increased or decreased? Explain.

Astne doject is moved awoy Hne image. must e
formed Cloger tothe lens. To Make Suce the

imo%e isSormed onthne £ilvm e lens is moved
tonardsthe §ilm to decrecsedthe lens-Film distarnee.

b. What parameter of your eye is adjusted to keep the image focused on the retina as an object
moves away from you? Is this parameter increased or decreased? Explain.

Becouse the lengin of the eye isfixed the focal
lengin of Hre ey€is increased asthe dgject is
Moled away Sothat he image femaing od+he
bock of +he vetino.

5. 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.

The nypecophic student. His contoct lenses ave,

Convetomng lenses. The Myopic Students qlasses
NOu\c{\gso\u e the li3\r\-l- to divzcge_. J

6. 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.

Lonverging lens The differerce in refractive
index lbetiveenne Woter and e eve. s
Much less fhontnod bbetween e aiv: and
Hhe eye. Wit ocsmadler refractive index
difference you need more curyotuce o
Focus Hne lig\,\\- on+the fetina.
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7. Equip each eyeball below with an appropriate eyeglass lens that will produce a well-focused
image on the retina. To do so, first draw the lens in front of the eye, then redraw the two rays
from the point at which they enter the lens until they form an image.

a.

b. Is this eye hyperopic or myopic? M\l OP 1C. Explain.Th.iS (S nﬁat‘s\s\\kdmgs
The eyelooll s too \OW:& sothe im age distance vieeds
+o be incefeosed.

d. Is this eye hyperopic or myopic? h\IPQX\O T EXplain-m;S IS ?&fSl VESS.
The eye ball is +oo Short ind the imoqe distonce needs
Yo be decteosed.
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19.3 The Magnifier

8. An eye views objects A and B.
a. Which object has the larger size? Explain.

A>SB, lem > ~0.Tem

b. Which object has the larger angular size? Explain.

Og >0, Seeanges marked onsketch.

9. The angular magnification of a lens is not sufficient. To double the angular magnification, do
you want a lens with twice the focal length or half the focal length? Explain.

Hal§ +he focol lengin. A= 9_‘55: cm

10. On the left, an eye observes an object at the eye’s near point of 25 cm. This is the closest the
object can be and still be seen clearly. On the right, the eye views the same object through a
magnifying lens. The object’s physical distance from the eye is now much less than 25 cm.

"

25 cm

a. Using a straight edge, draw a line on the left figure to indicate the angular size of the object
when viewed by the unaided eye at the eye’s near point.

b. Use ray tracing with a straight edge to show that the image in the right figure is a virtual
image = 25 cm from the eye.

c. Draw a line (or label one of your ray-tracing lines) to indicate the angular size of the image
seen through the lens.

d. Using a ruler to make measurements, determine the angular magnification of the lens.

5E°\~\-\nex‘ compove ton B & a"m 'tm‘\@; L A

3gmm
of note thod Hne dqect m—%cse:ond coge 1S 15 units ?fmdhe le\ns N
e. It’s sometimes said that a magnifying glass makes an object “appear closer.” Is that what’s M- ‘-l'

happening here? Explain.
When p?m Ob‘\e‘\:\* iscloser,, it fokesupa lorae anaulor
Size. Aldoucdn the Moanified imaae is foirther awa
it okes u;%a lowge o% uloe Sn%ee:\—han the Ao ec\{'
would ok fhot distonice. , it appeoss c\oser
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19.4 The Microscope
19.5 The Telescope

11. a. Complete the ray diagram by drawing two principal rays to show how the eyepiece affects
light from the intermediate image of the objective. Show that the two rays are parallel on
the right side of the eyepiece. (Because these rays are parallel, it is not possible to draw the
final virtual image on your diagram.)

Object

Objective

Image from
objective Eyepiece

(atf)

b. On your diagram above, indicate the angle subtended by the final image. This is the image’s
angular size. Measure this angle with a protractor.

0 final image = 5a°

c. Use a red pencil to draw a line from the location of the observer to the tip of the object.
Indicate the angular size of the original object and measure this angle with a protractor.

0 object = ~3.°
d. What is the magnification of the two-lens system?

BN
= \ox

12. Rank in order, from largest to smallest, the magnifications M; to M, of these telescopes.

Telescope 1 Telescope 2
- ° O ° O
4 S fe fo fe

N

Telescope 3 Telescope 4
fo fe % fe

Order: (V1 5 > m, >m3% W\q

Explanation:

The Mogpificotion is determined by the vatio g“/gc ,
not Hhe distonce loetween fhe lenses of Hhe \ens
diometexrs.
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14. Suppose you looked at the sky on a clear day through pieces

Optical Instruments - CHAPTER 19 19-7

19.6 Color and Dispersion

13. 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?
b. Is the emerging light as intense as, more intense than, or less intense than the white light?

Explain.

Less intense . Most of dhe \13\r\+ Mot is notyved
Nos loeen olosorbed.

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

No \s 3&* emeloes loecouse fne blue piece
oloserosthe ¢ eMaining fed light:

of red and blue plastic oriented as shown. Describe the color
and brightness of the light coming through sections 1, 2, and 3.

Section 1:%\ ue. Thevedend of ‘“\Q
Speckrum is \out&ely alosoroed -

Section 2: B\O\C\( (,3(‘6\[) . LH"\—\Q \\Sh‘\'
%Q‘\'S e Ous\n ot Filtevs.

section 3: Red - The. lolue end ofHne.
Specttum is lavoely Mlosorled.

15. Sketch a plausible absorption spectrum for a patch Absorption

of bright red paint. 100%

50% -

0% T T T
400 500 600 700
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19.7 Resolution of Optical Instruments

16. 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 light: SMQ“Q’(\
b. Decreasing the lens diameter: \Qfae,{‘ )

c. Decreasing the focal length: lQM@,r(m%o¥&cus)

d. Decreasing the lens-to-screen distance: la{%er(od Dgfocus)

17. 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?

Shewould oot nettex Cesoludion Wit o, Shorter

wave\ews\w\ O = \.gax

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

T+ Will net moke ow differevce .

c. 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?

Lowoex diovnetex leods fo loetter fesolution.

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

T will not moke o differevee, Mognificodion

\5 not o foctor in fesolution

18. The focusing ability of a lens is limited by chromatic aberration. Is the focusing ability of a
spherical mirror also limited by chromatic aberration? Explain.

No. There iS no dispecsion in (eflection wWhere
Bs1® 0, ISt Same %o o\ NA\IQ\QV\?S\-\,\s,

n
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