Ke@aAaio 33
dakoi Kal OTTTIKAG ZTolXEia

subtends_a-=

N when you “focus”

on the object *

part (b), in wh_i:;?w-""'"—r-
)

magnification or magnifying power, eye, Lo

" - = ; “gular
angle subtended by an object when using R atio of the
unaided eye, with the object at the nea i Subtended using the

J. : 74
normal eye): i the eye (N =25cm for a

(33-5)

‘ rite M in terms of the focal
where 6 and 6’ are shown in Fig. 3 33. ' = h/d, (Fig.33-33a), where

. length by noting that 6 = h/N (F1g —7/Agles are small so 6 and 6" equal
A o1 least eye strain), the image will

\, /2 is the height of the object and we assv/. ., s point: oo, Big:. 5354
Nheir sines and tangents. If the eye is ’
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Mepiexopeva KepaAaiou 33

o AetrToi Pakoi-Aladoon AKTivag

 ECicwon Aetrtou Pakou-MeyéOBuvon

e 2UvOUAONOG DaKwV

e O1 eiowon Tou OTTTIKOU

e Pwrtoypa@ikéc Mnyaveég : Wnelakég kai QIAp
e To AvBpwTrivo Mari,

cAlopOwTika NuaAida

MeyeOuvTiIKA TnAeoKOTTIO

2 UvOeTO MIKPOOKOTTIO

2 @aApata Katotrrpwy Kol Dakwv



33-1 Aetrroi @akoi-Aiadoon AKTivag

AETTTOC PAKOC €ival EKEIVOG TTOU TO TTAXOG TOU
gival TTOAU HIKPOTEPO ATTO TNV AKTIVA

KOMTTUAOTNTAG TOU. YITAPXOUV CUYKAIVOVTEG KAl
(a) aTrOK)\iVOVT

Double Planoconvex Convex
convex meniscus

(a) Converging lenses

1)

Double Planoconcave Concave
concave meniscus

(b) Diverging lenses
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33-1 Aetrroi @akoi-Aiadoon AKTivag

. »
i { X F__ Axis
—— \
.
EoTiaon \/ F |
I |

TTAPAAANAWYV
AKTIiVWV.
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33-1 Aetrroi @akoi-Aiadoon AKTivag

ATTOKAION OE0UNG
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33-1 Aetrtoi @akoi-Aiadoon AKTivag

H 10XU¢ evOog @aKkouU gival avTioTpo®n TnG
E0TIOKNAG ATTOCTAONG

H povadacg i1oxuocg gival n d10TrTpa, D:

1D=1m



33-1 Aetrroi @akoi-Aiadoon AKTivag

Center line
Object 1
1 Ray 1 leaves one point on object
going parallel to the axis, then
9) F.’ refracts through focal point behind

the lens.

Ray 2 passes through F' in front of the
lens; therefore it is parallel to the axis
behind the lens.

Ray 3 passes straight through the
center of the lens (assumed very thin).
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33-1 Aetrtoi Pakoi-Aladoon AKTivag

T1 0a cupPei edv KOAUWOUE TO
TTAVW HICO EVOC POAKOU ME XOPTOVI,

MOvVOo N PWTEIVOTNTO MEIWVETAI.
To €idWA0 TTaOPAMEVEI AVAAAOIWTO
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33-1 Aetrroi @akoi-Aiadoon AKTivag

['a atToKAIVvOovTa POAKO, TO €idWAO gival 6p0io
Kl EIKOVIKO.
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33-2 H €€icwon Tou AETTTOU POKOU-
MeyEObuvon

H e€iocwon Tou AeTTTOU OKOU £ival avaAoyn
TOU KOTOTTTPOU:

11
dy  d, = 7 == =




33-2 H €€iocwon Tou AETTTOU POKOU-
MeyEObuvon

Moia givail (a) n 8€éon kai (b) To pEyedog Tou
£10WAOU £vOG UAOU, UYoug 7.6-cm TTouU
Bpioketal 1.00 m a1rd OKO ME ECTIOKN
atrootaon +50.0-mm.

100 cm




Cop _

1. Ray diagram. Figure 33-11 is an approximate ray diagram. showing only
rays 1 and 3 for a single point on the leaf. We see that the image ought to be a
little behind the focal point F, to the right of the lens.

2. Thin lens and magnification equations. (a) We [ind the image position

analytically using the thin lens equation, Eq. 33-2. The camera lens is
converging, with f = +5.00cm, and d, = 100cm, and so the thin lens
equation gives

1 1 1 - 1 _ 1
d; fod, 5.00cm 100 cm
200 — 10 19.0
~ 100em  100cm
Then, taking the reciprocal,
100 cm
ff‘l - 190 = 5.26.cm,
or 52.6 mm behind the lens.
(£) The magnification 1s
o _di 526em
m = 1 T00om 0.0526,

S0
hy = mh, = (—0.0526)(7.6cm) = —0.40cm.



3. Sign conventions. The image distance d; came out positive, so the mmage 1s
behind the lens. The image height is f; = —0.40cm: the minus sign means
the image 1s inverted.

4, Consistency, The analytic results of steps (2) and (3) are consistent with the
ray diagram, Fig. 33—11: the image is behind the lens and inverted.

NOTE Part (a) tells us that the image 1s 2.6 mm farther [rom the lens than the
image for an object at infinity, which would equal the focal length, 50.0 mm.
Indeed. when focusing a camera lens, the closer the object is to the camera, the
farther the lens must be from the sensor or film.

O’ _ ]
F’ v

Leaf ‘
[ 100 cm -
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33-2 H €€iocwon Tou AETTTOU POKOU-
MeyEObuvon

‘Eva avTikeipevo BpiokeTal 10 cm aTtro
OUYKAIVOVTO (pOKO ME ECTIOKK ATTOCTAOT
15-cm. Bpeite TnVv 8€on Kal To pEyedog Tou
g£10wAou (a) avaAuTika Kal (b) pe
OIAYPAMMO AKTIVWV.




APPROACH We first use Eqs. 33-2 and 33-3 (o obtain an analytic solution, and then
confirm with a ray diagram using the special rays 1, 2, and 3 for a single object point,

SOLUTION (a) Given f = 15em and d, = 10cm, then

1 11 .
it 15 cm 10 cm 3 ecm
and o, = —30cm. (Remember to take the reciprocall) Because d; 18 negative,

the image must be virtual and on the same side of the lens as the object. The
magnification
d, —30¢cm
m=——=———— = 30.
d, 10} cm
The image is three times as large as the object and is upright. This lens is being
used as a simple magnifying glass, which we discuss in more detail in Section 33-7.

(b) The ray diagram is shown in Fig. 33-12 and confirms the result in part (a). We
choose point O on the top of the object and draw ray 1. which 1s easy. But ray 2
may take some thought: if we draw it heading toward F', it is going the wrong
way—so we have to draw 1t as if coming from F' (and so dashed), striking the lens,
and then going out parallel to the lens axis. We project it back parallel, with a dashed
line, as we must do also for ray 1, in order to find where they cross. Ray 3 1s drawn
through the lens center, and it crosses the other two rays at the image point, I'.

NOTE From Fig. 33-12 we can see that, whenever an object is placed belween a
converging lens and its [ocal point, the image 18 virtual.




33-2 H eiocwon Tou AstrToU @akou-MeyEBuvon

lNMou TTPETTEI VA KATOEI EVA MIKPOOKOTTIKO EVTOMO WOTE TO EI0WAO TOU ATTO

£éva atrokAivovTta 25 cm @ako, va oxnuaTtioTei 20 cm atrd To aKd oTnVv
010 TTAEUPA TOU QVTIKEINEVOU;

APPROACH The ray diagram is basically that of Fig. 33—10 because our lens here
is diverging and our image is in front of the lens within the focal distance. (It
would be a valuable exercise to draw the ray diagram to scale, precisely, now.)
The insect’s distance, d, . can be calculated using the thin lens equation.

SOLUTION The lens 1s diverging, so f 1s negative: f = —25cm. The mmage
distance must be negative too because the image is in front of the lens (sign

conventions), so o, = —20cm. Equation 33-2 gives
2 _rr___t 1 _“a+s5 ]
d,, f 25cm 20cm 100 cm 10{) cm

S0 the object must be 100 cm in front of the lens.
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33-3 ZUuVvOUOOTIKOG (POKOG

Ot1av cuvOUAOOUNE PAKOUG TOTE TO
g£I0OWAO TOU €VOG aTTOTEAEI
OVTIKEIMEVOU TOU GAAOU.

H cuvoAiki pey€EBuvon givai To
YIVOHEVO TWV HEYEOUVOEWYV TWV
QOKWV.
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33-3 ZUuVvOUOOTIKOG (POKOG

AUO CUYKAIVOVTEG QPAKOI, A Kal B, M€ EOTIOKEG
amrooTtaoelg f, =20.0 cm kai fg = 25.0 cm,
BpiokovTtal o€ aroéoTaon 80.0 cm. Eav 1o
avTikeipevo Bpioketal 60.0 cm Aa1TO TO TTPWTO POAKO
Bpeite (a) TNV B€on ka1l (b) Tnv peyédBuvon Tou
TEAIKOU €1I0WAOU €€ aITIOG TOU OCUVOUAOHOU TWV
POKWV.
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APPROACH Starting at the tip of our object O, we draw rays 1. 2, and 3 for the
first lens, A, and also a ray 4 which, after passing through lens A, acts as “ray 3"
(through the center) for the second lens, B. Ray 2 for lens A exits parallel, and so
is ray 1 for lens B. To determine the position of the image 1, formed by lens A,
we use Eq. 33-2 with f, = 20.0cm and d,, = 60.0 cm. The distance ol I, (lens
A’s image) from lens B is the object distance d, for lens B. The [inal image is
found using the thin lens equation. this time with all distances relative to lens B.
For (k) the magnifications are found from Eq. 33-3 for each lens in turn.
SOLUTION (a) The object 1s a distance d,, = +00.0cm from the first lens, A,
and this lens forms an image whose position can be calculated using the thin lens
equation:

1 1 1 1 1 3—1 - 1 |
30.0 cm

d; o fa  daa 200cm  60.0cm  60.0 cm

S0 the first mmage I, 18 at d,, = 300cm behind the hrst lens. This
image becomes the object for the second lens, B. It is a distance
dop = 80.0cm — 30.0ecm = 50.0em in front of lens B, as shown in Fig. 33-14b.
The image formed by lens B, again using the thin lens equation, is at a distance
i Irom the lens B:

| I | 1 _E—I_ 1
5000 cm

g I d,g 250em  S0.0cm  50.0em
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Hence dig = 50.0 cm behind lens B. This 1s the final image—see Fig. 33-14b.

Lens A Lens B

(b) "‘!Iﬂ.-’l. 44'— f'Ei."'l. —"l"i dnH 'I" nlI'IH-

Copyright © 2009 Pearson Education, Inc.



(b) Lens A has a magnification (Eq. 33-3)

d‘i.-’i. 3{][} cIm
= — = — = —().50M).
i d. 60.0 cm
Thus, the first image is inverted and is half as high as the object (again Eq. 33-3):
hin = muyhy,, = —0500h,,.
Lens B takes this image as object and changes its height by a factor
dig 50.0 cm
= ——= = = —1.000.
B d.n 50.0 cm

The second lens reinverts the image (the minus sign) but doesn’t change ils size.
The hnal image height 1s (remember fig 18 the same as h;,)

hig = mphyg = mghiyn, = mgmyh,, = ['mlma]}huﬂ~

The total magmfication 18 the product of m, and myg, which here equals
Mgl = My g = (—1.000)(=0.500) = +0.500, or half the original height. and
the linal image 15 upright.
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33-3 ZUuVvOUOOTIKOG (POKOG

Mo ToV TTPO0OIOPICHO TG ECTIOKAG ATTOCTAONG EVOG
OTTOKAIVOVTOG (pOKOU, XPNOIMOTTOIOUHE EAV CUYKAIVOVTO
POKO O «ETTAPN» ME EvaV aTTOKAivovTa. EAV N €0TIOKNA
amrooTaon Tou ouykAivovta givail f- of 16.0 cm 100N
gival N ECTIOKNA ATTOCTAOT) TOU ATTOKAIVOVTO €AV O
ouvOUAOTIKOG PAKOG £0TIAlEl oTA 28.5 cm. YTTo0€TOUNE
OTI KAl 01 OUO (PAKOI gival AETTTOI KOI AMEAOUME TNV
ATTOCTOO METALU TOUG.

Image point

A made by first lens
/ (object point

> / <= for second lens)

> { il

i \ ==

> \ —= Image made by

N second lens

, \\/ (final image)

Jo—

fr=285cm ———
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APPROACH The image distance for the first lens equals its focal length (16.0 cm)
since the object distance is infinity (2c0). The position of this image, even though
it is never actually formed, acts as the object for the second (diverging) lens. We
apply the thin lens equation to the diverging lens to lind 1ts focal length, given
that the final image is at , = 28.5 cm.

SOLUTION If the diverging lens was absent, the converging lens would [orm the
image al ils focal point—that is, at a distance f- = 16.0cm behind it (dashed
lines in Fig. 33—-15). When the diverging lens 1s placed next to the converging lens,
we treat the image formed by the first lens as the object for the second lens. Since
this object lies to the right of the diverging lens, this 1s a situation where d,, 1s
negative (see the sign conventions, page 871). Thus, for the diverging lens, the

object 1s virtual and o, = —16.0 em. The diverging lens forms the image ol this
virtual object at a distance d;, = 28.5cm away (given). Thus,

1 1 1 1 1

— = —+ = = -+ = —0.0274 cm™".

fo  d, d  —160cm  285cm “m

We take the reciprocal to find f = —1/(0.0274cm™) = —36.5cm.

MOTE If this technique 15 to work, the converging lens must be “stronger”™ than
the diverging lens—that 1s, it must have a focal length whose magnitude 1s less
than that of the diverging lens. (Rays from the Sun are focused 28.5 cm behind
the combination, so the focal length of the total combination is f; = 28.5cm.)
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33-4 H e€icwon Tou Pakou

Mia xpAoi1un £§icWoN TTOU CUVOELEI TIG OKTIVEG
KOMTTUAOTNTAG EVOG (POKOU HE TOV OEiKTN O1A0Aaong
KOl TNV £€0TIOKA a1TO0TAON EivVal

1 1 1
Fows 1)(& : RQ)
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33-4 H e€icwon Tou Pakou

‘Evag yUGAIVOG (pOKOGC «KUPTOG MNVIOKOG» EXEI N =
1.50. H akTiva TG KUPTN TTAEUPAC €ival 22.4 cm
Kal TNG KOiANG 46.2 cm. (a) MNMoia gival n €0TIOKNA
atmrootaon;(b) NMou 8a oxnuaTioTel TO EIODWAO £vOG
OVTIKEIMEVOU TTOU BpiokeTal ota 2.00 m;




APPROACH We use Eq. 33—4, noting that R, is negative because it refers to the
concave surface.
SOLUTION (a) R, = 224cm and R, = —46.2 cm.
Then
1 1 |
— = (1.50 — 1.00 ( — )
f { ) 224 cem 46.2 cm
= 0.0115em™.
S0
I = ! = 87.0cm
C00115em™
and the lens 15 converging. Notice that if we turn the lens around so that
R, = —462cm and R, = +224 cm, we gel the same result.
(b)) From the lens equation, with f = 0.870m and J, = 2.00m, we have
Lottt 1
il fd, (.870 m 2.0 m
= (.649m™",
so d; = 1/0.649m™ = 1.54m.
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33-5 QwTtoypapikEc Mnyxaveg

Baoika otoixeia:
D Viewtinder
« DaKOG —
] ) Iens . , ,,\ mpelalat &
e 2KOTEIVO KOUTI ‘

 Ip1da/d1a@payua p— hils

) ] opening
* QIAY R cioBNTHPOG T \ /
. . N 1
Iris diaphragm N\ Sensor
or “ StOp” Shutter or film



33-5 QwTtoypapikEc Mnyxaveg

H , Cplor
YnNPIlakeg pixel
HNXaVES

XPNOIMOTTOIOUV
aiocbnTRpeg CCD

(charge coupled
devises) avrTi yia

QIAM.

Electrodes
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33-5 QwTtoypapikEc Mnyxaveg

PuOUicEIC pTOYPAPIKWY NNXOAVWV:

e TaXUTNTA TNS PWTO@PAXTN (Shutter): eAEyXel
TO XPOVO OTO OTTOIO0 EKTIOETAI TO ECWTEPIKO TNG
MNXOVAG OTO (PWIG.

o f-Stop: €AEYXEI TO PEYEOOC TOU OIOPPAYHATOG.

 EcTiaon: puBuicel TNV atTTOCTOON TOU (PAKOU
WOTE TO EIOWAO VO OXNUATIOTEI TTAVW OTO
Q@IAN/a100NTAPA.



33-5 QwTtoypapikEc Mnyxaveg

YTITapXEl TTEPIOPICHOG OTIC ATTOCTACEIG
OTTOU MIO PWTOYPAPIKN MNXOVI MTTOPEI VO

EOTIAOCEL.
Rays from
nearby object -
(in focus) \ A I — ﬂi—/j;
' R 1 -1 | ¥ “Circle of confusion”
Rays from i — for distant object
distant object R m << ' “ (greatly exaggerated)
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33-5 QwTtoypapikEc Mnyxaveg

[Moco TTPETTEl VA METAKIVNOEI O PAKOG MIOG MNXOVAG
ME €0TIOKN arooTaon 50.0-mm, amo Tnv BEon «,
TTPOKEIMEVOU VA E0TIACEI EVA AVTIKEIMEVO TTOU
BpiokeTal ota 3.00 m

APPROACH For an object at infinity, the image 15 at the focal point, by definition.
For an object distance of 3.00 m, we use the thin lens equation, Eq. 33-2, to find
the image distance (distance of lens to film or sensor).

SOLUTION When focused at infinity, the lens is 50.0 mm from the film. When
focused at d, = 3.00m, the image distance 1s given by the lens equation,

1 1 1 1 1 3000 — 50 B 2950
(3000)(50.0) mm 150,000 mm

d f d, S00mm 3000 mm

We solve [or d; and lind 4; = 50.8 mm, so the lens needs to move 0.8 mm away
from the film or digital sensor.
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33-5 PwTtoypa@ikec Mnyaveg

NMpoKeIgEVOU va BEATIWOOUME TNV IKAVOTNTA
£0TIOONG MIOG MNXOVAS, MEIWVOUME TO dIApPAYHa
atro f o€ /4 kai /8. NpokeIpEvou va d1ATNPNOCOUUE
TNV i010 QWTEIVOTNTA TTOCO TTPETTEI VA YIVEI N
TAXUTNTA TOU OI10@PAYHUATOG;

RESPONSE The amount of light admitted by the lens 1s proportional to the area
of the lens opening. Reducing the lens opening by two f-stops reduces the
diameter by a lactor of 2, and the area by a factor of 4. To maintain the same
exposure, the shutter must be open four times as long. If the shutter speed had
been =i s. you would have to increase the exposure time to TS,

Copyright © 2009 Pearson Education, Inc.



33-5 QwTtoypapikEc Mnyxaveg

Mia yneilakn pnxavin pe 6-MP (6-megapixel) €xel pEyioTn
O1akpITIKA IKavoTnTa 2000 X 3000 pixels pe aioOnTApa 16-mm
X 24-mm. No6oco «ypRYOPOGS» TTPETTEI VA gival PAKOG yia va
EKMETAAAEUTEI AUTA TNV OIAKPITIKN IKAVOTNTA;

APPROACH We find the number of pixels per millimeter and require the lens to
be al least that good.

SOLUTION We can either take the image height (2000 pixels in 16 mm) or the
width (3000 pixels in 24 mm):

3000 pixels
24 mm

= 125 pixels/mm.

We would want the lens to be able to resolve at least 125 hines or dots per mm as
well, which would be a very good lens. If the lens 1s not this good, fewer pixels
and less memory could be used.

NOTE Increasing lens resolution 1s a tougher problem today than is squeezing

more pixels on a CCD or CMOS. The sensor for high MP cameras must also be
physically larger for greater light sensitivity (low light conditions).




33-5 PwTtoypa@ikec Mnyaveg

Mia peyeOupévn pwroypa@ia £Xel «<KOAR» EUKpPiveEIa OTav £xeEl avdAuon
TouAdayiotov 10 dots/mm. Edv pia gwTtoypa@ia TTou TPaRAXTNKE HE TNV
pnxavi Tou Trapadeiyparog 33—-10, peyebuvOei o€ 8 x 10-inch Ba eivai
gukpIvng; MNMolo 1o péyioTo pEyedog piag eiIkovag 2000 x 3000-pixel woTe va
gival EUKPIVAG;

APPROACH We assume the image is 2000 > 3000 pixels on a 16 % 24-mm CCD
as in Example 33-10, or 125 pixels/mm. We make an enlarged photo
8 > 10in, = 20cm X 25 cm.

SOLUTION The short side of the CCD 1s 16 mm = 1.6em long, and that side ol
the photograph is 8 inches or 20 cm. Thus the size is increased by a [actor ol
20em/1.6em = 12.5% (or 25 em/2.4 cm = 10x). To fill the 8 x 10-in. paper, we
assume the enlargement is 12.5%. The pixels are thus enlarged 12.5%; so the
pixel count of 125/mm on the CCD becomes 10 per mm on the print. Hence an
8 > 10-inch print is just about the maximum possible for a sharp photograph
with 6 megapixels. If you feel 7 dots per mm 1s good enough, you can enlarge to
maybe 11 > 14 inches.
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33-5 QwTtoypapikEc Mnyxaveg

YTrapyxouv O1a@opol TUTTOI PAKWYV

Telephoto lens: ®Pakoi ueydAng €C0TIOKAG
ATTOOTAONG, MEYAAEG EIKOVEG.

Wide-angle lens ( peyeuvTtikog): HIKPN
EO0TIOKN ATTOOTAON, MEYAAEG EIKOVEG.

Zoom lens: @AKO¢ METABANTAS ECTIOKNG
ATTO0TAONG

Digital zoom (in digital cameras): Mey&éOuvon
pixel MEIWON EUKPIVEIAG.



33-6 To avBpwTTIVO HATI

To avlpwTTIvo HATI £XEI TTOAAEC OHOIOTNTEG ME
TNV QWTOYPAPIKA MNXaAVA.

Ciliary
muscles

Pupil

Ciliary
muscles
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33-6 To avBpwTTIVO HATI

Focal point of lens and cornea

Object :
H repicodTepn d1Gd0Aadon > <

oupuBaivel oToV
KEPATOEION,.

O @aKOG KAVEI MIKPES
O10pOWOEIG WOTE VA Focal point of lens and cornea
EMITEUXOEI KAOAUTEPN

gUKpivelq. Dbt
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33-6 To avBpwTTIVO HATI

Near point : n TTANCIEOTEPN ATTOOTACN OTNV
oTroia To MATI uTTOPEI Vva eoTiaoEl. lNepittou 25
cm.

Far point : n MEYIOTN ATTOCTOON OTNV OTroid
MTTOPOUME VO OIOKPIVOUME OVTIKEIMEVA.

Nearsightedness ( puwTria): far point is too
close.

Farsightedness ( UTTEPMETPWTTIO): Near point Is
too far away.
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33-6 To avBpwTTIVO HATI

H 16p0won TG HUWTTIA ETTITUYXAVETAI
ME ATTOKAIVOVTEG (PAKOUG

i

AN
Object " (
at oo .




33-6 To avBpwTTIVO HATI

H 516p0won TNG UTTEPUETPWTTIOG
ETTITUYXAVETAI ME OCUYKAIVOVTEG (POKOUG

. A
Object Object (
VvV




33-6 To avBpwTTIVO HATI

H Sue €ival UTTEPUETPWTTAG ME TO near point
ota 100 cm. Ti yuaAla xpeiaceral yia va
olafadel ota 25 cm; YTroBEToUupuE OTI N
ATTOOTOON TOU YUOAIOU KOI TOU MOTIOU E€ival

aMEANTEQ.

Image

——
-_-———'
——__
_—
— e

- d
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APPROACH When the object is placed 25 cm [rom the lens, we want the image to
be 100 ¢cm away on the same side of the lens (so the eve can focus 1t), and so the
image is virtual, as shown in Fig. 33-29, and 4; = —100cm will be negative. We
use the thin lens equation (Eq. 33-2) to determine the needed local length.
Optometrists’ prescriptions specily the power (P = 1/f, Eq. 33-1) given in
diopters (1D = 1 m™).
SOLUTION Given that d, = 25cm and o, = —100cm, the thin lens equation
oives

! 1 1 ! 4 —1 1

— ] o == - = = -
f d, 25 cm — 1) cm 100 cm 33cm
So f=33cm = 033m. The power P of the lensis P=1/f = +3.0D. The
plus sign indicates that it i1s a converging lens.
NOTE We chose the image position 1o be where the eye can actually focus. The lens
needs to put the image there, given the desired placement of the object (newspaper).

1
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33-6 To avBpwTTIVO HATI

2 cm~+|
. o Object r
Eva HUWTTIKO JATI EXEI near at- _ _ﬁ
kai far points oTa 12 cm Kol ————=——
17 cm, avTtioToixa. (a) Ti 17cm———
(Far point)

PAKOG ATTAITEITAI VIO VA

BAETTEl KOAG pakpid; (b)

OO0 YIVETAI TWPO TO near

point; YTroB£oTE OTI O PAKOG 5 ;
TOU YUOAIoU BpiokeTal 2.0 ————
CM o1ré TO HATI. L 2 em

e e

(Near point)
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APPROACH For a distant object (d, = m:-jl, the lens must put the image at the
far point of the eve as shown in Fig. 33-30a, 17 ¢cm in front of the eye. We can use
the thin lens equation to find the focal length of the lens, and from this its lens
power. The new near point (as shown in Fig, 33-30b) can be calculated for the
lens by again using the thin lens equation.

SOLUTION () For an object at infinity {fin = :x:} the image must be in front of

the lens 17 cm from the eve or (17cm — 2em) = 15em from the lens: hence
diy = —15cm. We use the thin lens equation to solve for the focal length of the
needed lens:

1 ] 1 ] ] 1

_— = m— ok m— = e— = — .

f d,, ; 00 —15¢cm 15 cm

So f=—15cm =—015m or P=1/f= —67D. The minus sign indicates
that it must be a diverging lens for the myvopic eve.

(b) The near point when glasses are worn is where an object is placed (d,) so that
the lens forms an image at the “near point of the naked eve,” namely 12 cm from
the eve. That image point is (12cm — 2cm) = 10cm in front of the lens, so

d; = —0.10m and the thin lens equation gives
B Lo _—2*t3 1
d, 4 0.15m  0.10m 0.30m 0.30 m

So d, = 30cm. which means the near point when the person is wearing glasses
is 30 ¢cm 1n front of the lens, or 32 cm from the eve.
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33-6 To avBpwTTIVO HATI
O AOGyo¢ TTOU Ta aVvTIKEIiMEVA ep@aviovTal OoAa
KATW a1To TO VEPO gival O10TI n O1ABAaon oTnv
OIOXWPEICTIKN ETTIPAVEIN AEPA-MATIOU EivVal
OIOOPETIKN OTTO AUTHV TOU VEPOU-HaTiou. OTav
QopapE Haoka BAETTOUHE Cava KaBapda.

Object\.\lati ‘J " i

n=1.33
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33-7 MeyeOuvTIKOG PaKOC

O peEYEOUVTIKOG POAKOG €ival OUYKAiIivOVTOG
(PAKOG TTOU ETTITPETTEI TNV ECTIOON
OVTIKEIMEVWY OE KOVTUTEPEG ATTOOTACEIG ATTO
TO near point . ‘ETol Ta avTIKEigeEva @aivovTal
MEYOAUTEPO KOl MOIA(OUVE TTOIO EUKPIVA.
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33-7 MeyeOuvTIKOG PaKOC

H 10XUg evOog peyeBUVTIKOU (paKOU TTPpoadlopileTal
OTTO TNV YWVIOKN TOU pNEYEBuvON:
o

M =
0

Otav 1o paTi gival XaAapo (N eival To near point
Kal f n €o0TIOKA atTOOTACH)):

_0 _nWf _ N
M =5 /N f [

eye focused at oo;
N = 25 cm for normal eye

OTav 1o paTt €eoTIAdEl OTO Near point

N
M = — 1.
F [

eye focused at near point, N;
N = 25 ¢m for normal eye
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33-7 TnAEOKOTTIO

‘Evag ouykAivovTag @akKoOg HE 8-Cm €CTIOKK ATTOCTAON
XPNOIMOTTOIEITAI ATTO £va Xpuooxoo (“jeweler’s loupe,”) vyia
MEYEBUVTIKO @aKO. Bpeite (a) TNV HeyEOBuvon OTavV TO MATI Eival
XaAapo (b) 6Tav To paTi eoTiddel oTo near point N =25 cm.

APPROACH The magnilication when the eye is relaxed 1s given by Eq. 33-6a.
When the eye is focused at its near point, we use Eq. 33-6b and we assume the
lens is near the eye.
SOLUTION (a) With the relaxed cye focused at infinity,

N 25 cm

M= S - ~ 3x
f 8 cm

!

(b) The magnilication when the eye is focused at its near point (N = 25¢m),
and the lens is near the eye, is

N 25
M=1+—=1+=
8

f

4.

i
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33-8 TnAeoKOTTIO

‘Eva 0100A00TIKO TNAECKOTTIO ATTOTEAEITAI
aTro OUO (PAKOUG OTIC AKPESG EVOS CWANVA.

H peyéBuvon dideTal atmrd Tnv oxéon

oo W) o

0 (h/f) fe

[telescope]



33-8 TnAeoKoOTTIO
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33-8 TnAeoKOTTIO

Ta TNAECKOTTIO TWV ACTPOVOMWYV TTPETTEI VA
OUYKEVTPWVOUV 000 TO OUVATOV TTEPICOOTEPO
PWS. 'ETOI1 O AVTIKEINEVIKOG PAKOGC (O TEAEUTAIOG
TTPOG TO AVTIKEINEVO) OXEDIACETAI ME TNV
MEYOAUTEPN OUVATOV OIAMETPO KOl aKpifcia.

Concave mirror
(objective)

\

Parallel

rays from Secondary A
distant mirror -
object Eyepiece
Eyepiece A
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33-8 TnAeoKOTTIO

ETTiveiad TNAEOKOTTIO XPNOIMOTTOIOUVTAI
Yia TNV pwTOoYpAPNOon (XapToypaenon)
TNG ynS. KaAo eival Ta €idwAa va gival
op0Bia. Yirapyxouv duo povTéAa: Galilean

Kal spyglass:

Final image (virtual
74 B ) Final image (virtual) \\
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33-9 20vBeTo MIKPOOKOTTIO

To OUVOETO NIKPOOKOTTIO MOIAEl ME TO
TNAECKOTTIO ME TN O1APOPA OTI TO AVTIKEIMEVO
BPioKETAI TTOAU KOVTA OTOV OVTIKEIMEVIKO
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33-9 20vBeTo MIKPOOKOTTIO

H peyéBuvon Tou pIKpooKoOTTiou dideTal ATTO
TNV oXEon

M = M.m, = (Z)(g ;Ofe) |microscope]|

M
fefo

[fo and fo << 4]
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33-9 ZuvOeTo MIKPOOKOTTIO

A compound microscope consists of a 10X eyepiece an d a 50X objective
17.0 cm apart. Determine (a) the overall magnificat  ion, (b) the focal length
of each lens, and (c) the position of the object wh  en the final image is in
focus with the eye relaxed. Assume a normal eye, so N =25 cm.
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APPROACH The overall magnification 1s the product of the eyepiece magni-
fication and the objective magnification. The focal length of the evepiece is found
[rom Eq. 33—6a or 33-9 for the magnilication ol a simple magnilier. For the
objective lens, it is easier to next find d, (part ¢) using Eq. 33-8 before we
find f,.

SOLUTION (a) The overall magnification is (10X )(50x) = 500,

(b) The eyepicce focal length is (Eq. 33-9) f. = N/M, = 25cm/10 = 2.5 cm.
Mext we solve Eq. 33-8 for d,,, and find

{— f. (17.0cm — 2.5¢cm)
ﬂ.n = : = = = (.29 cm.
i, 50

Then, from the thin lens equation for the objective with , = £ — f, = 14.5¢cm
(see Fig. 33-40a),

= I_+L= 1 + : = 3.52em™h
fi.'l ”‘n ﬂri (.29 cm 14.5 cm o L

so f, = 1/(3.52em™) = 0.28 cm.

(c) We just caleulated d, = 0.29 em, which is very close to f,.



33-10 ZpaApata Dakwyv Kal KardétmrTrpwy

2PAIPIKO CPAAMA: AKTIVEC O€ MEYAAN OIAUETPO
(ATTOCTAC ATTO TO KEVTPO TOU (PAKOU) OEV
E0TIACOUV OTNV £OTIA. C

AUonN: CUVOUUOTIKN QAKOI KOl
TTEPIOPICHUOG XPNONS HOVO OTO KEVTPIKO
KOMMATI TOU (POKOU.



33-10 ZpaApata Dakwyv Kal KardétmrTrpwy

NMNapapopewon: HETAaBOARN TNG MEYEBUVONG
ME TNV ATTOCTOCN ATTO TO KEVTPO TOU
POKOU.

AXis



33-10 ZpaApata Dakwyv Kal KardétmrTrpwy

2PAApa XpwHa (XPWHATIKA EKTPOTTH). TA
O1A@OPA XPWHATA EXOUV OINPOPETIKN ECTIOKN
ATTOOTAON £ AITIOG TWV OIAPOPETIKWY OEIKTWV
O1a6Aaong.

White




33-10 ZpaApata Dakwyv Kal KardétmrTrpwy

Auon: XpnOIMOTTOIOUE CUVOUOOTIKOUG (POKOUG
PTIOYMEVOUG OTTO OIN@POPETIKA UAIKA




