Ke@daAaio 32
dwg: AvakAaon Kai
Ai1aBAaon




Mepiexoupeva KepaAaiou 32
MewpeTPIKA Bewpnon Tou PwTog
AvakAaon
Anuioupyia e1I0WAoOU aT1Td KATOTTTPA.
AgikTng A1dBAaong
Noupog Tou Snell
Opatdé Pdopua kai AiaoTropd
EocwTtepIkn avakAaon
OTITIKEG iVEG

A1GBAaonN o€ CPAIPIKES ETTIPAVEIES



32-1 NewpeTpikn OTTTIKNA

To @Wcg KiveiTe eVBUYpapua (cuvROwg).
AvVOTTAPICTOUHE TO WG ME EVUOEIEC YPAMMEG
TTOU TTNYAlouV aTro KATrolda TTNyn.

This bundle
_ enters the eye




32-2 AvakAaon amro ETitredn Emi@aveia

NOMOG TG aAVAKAOONG: YWVIO TTPOCTITWOEWS
gival ion M€ TNV YWVIA aVAOKAACEWG.

Normal

to surface
|
|
|
|

|
Angle of | Angle of
. incidence ! reflection
Incident 0. ! o Reflected
light ray TS light ray

~——
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32-2 AvakAaon atro Etmritredn Emipaveia

OTtav n emi@aveia avakAaong eival adpn, TOTE O
VOHMOG avakAaong ouveXilel va 1I0XUElI aAAQ
EXOUME MIO KKATOVOMN» YWVIWV TTPOCTITWOEWV.
MiAoUueE yia d1axuTn avakAaon.




32-2 AvdkAaon oatro Emitredn Emi@dveia

Eye at both
3 positions sees
Ma’Tnv o1ayuTn ) ey positions
avakAaon $ light
”, O
«BAETTOUNE» TO e 4 7
OVOKAWHMEVO QWG Q
3 : SRS
OXEOOV O€ OAEG TIG AN
vywvieg. MNa
KKOVOVIK» The eye here
, ’ does not see
avakAoon, TO AT reflected light  The €¥e here
, oes see
MOGC TTPETTEI VA < % reflected light
BpioKeTal OTNV N <)

«OWOoTA» YIA VA
o€l pWG.
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32-2 AvdkAaon oatro Emitredn Emi@dveia

AUo eTTiTreda KATOTITPA €ival KAOETN METASU TOUG. Mia e1cepXOpEVN OEON
PWTOG TTPOCKPOUEI OTO TTPWTO KATOTITPO ME Ywvia 15° BpeiTe TN ywvia
avakAaong Tou SEUTEPOU KATOTITPOU.

15° 155 T~

SOLUTION In Fig. 32-5h, 6, + 15° = 90°, so #, = 757 by the law of reflection
A, = #, = 757 too. The two normals to the two mirrors are perpendicular to each
u::lh::r. SO 6, + 65 + 9" = 1807 as for any triangle. Thus

= 1807 — 90° — 75" = 15", By the law of rellection, 8, = 6; = 157, so
E:'J5 = 75" 18 the angle the reflected ray makes with the second mirror surlace.

NOTE The outgoing ray is parallel to the incoming ray. Red reflectors on bicycles
and cars use this principle.




32-2 AvdkAaon otro Emritredn Emi@adveia

To €iOWAO EVOG AVTIKEINEVOU O€ EVA £TTITTEOO
KAOPETTTN (KATOTITPO) Molalel oav va BpioKeTal
TTioW AaTTO TOV KAOPETTTN.

To €idwAo ovopadeTal
e KEIKOVIKO OVTIKEIMEVO»
Kal BpioKeTAI OE
aTTéoTAON iON ME TNV
ATTOCTOCN TOU
TTPAYMATIKOU
OVTIKEINEVOU ATTO TOV
KABPETTTN,.

Reflecting
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32-2 AvdkAaon oatro Emitredn Emi@dveia

Mia @oitATpia Uyoug 1.60

m kKaBpetrrifeTal. Molo To
gA\Gx10TO VYOG TOU o
KABPETTTN KAl TTO00 YnAd
TTPETTEI VA BPICKETAI ATTO
TO 0ATTEdO WOTE VA 1.50 m
MTTOPEI Vva «BAETTEI» OAO
TNG TO CWHA; YTToBEoTE
OTI TA MATIO TNG
BpiokovTtal 10 cm KATW
aT1TO TO TTAVW MEPOG TOU
KEPAAIOU TNG.

=]
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APPROACH For her to sce her whole body, ligm%m — ;
and from the bottom of her foot must reflect fr '
see Fig. 32-8. We don’t show two rays divergi
Fig. 32-7, where we wanted to find where the 1.50m
image is the same distance behind a plane mirrc
need to show one ray leaving point G (top of h
(her toe), and then use simple geometry.

Mirror

Fy

SOLUTION First consider the ray that leaves her foot at A, reflects at B, and enters the
eye at E. The mirror needs to extend no lower than B. The angle of reflection equals
the angle of incidence, so the height BD 1s half of the height AE. Because
AE =160m - 0.10m = 1.50m, then BD = 0.75m. Similarly, il the woman is
to see the top of her head, the top edge of the mirror only needs to reach pont E
which is 5Scm below the top of her head (half of GE = 10 cm). Thus, DF = 1.55m,
and the mirror needs to have a vertical height of only (1.55m — 0.75m) = 0.80 m.
The mirror’s bottom edge must be 0.75m above the floor.

NOTE We sce that a mirror, if positioned well, need be only half as tall as a
person for that person to see all of himself or herself.
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32-3 EiIOWAa Z@aipiIkKwv KaToTrTpwyv

O1 o@aIpIKOi KABPETTTEC NTTOPOUV VO AVAKAOUV
EITE ATTO TNV ECWTEPIKN TOUG ETTIQAVEIA (KOIAN-
concave) €iTe a1ro TNV eEWTEPIKN (KUPTA-CcONveX).

Normal —~ _
to surface ST
Gi /

Rays
from
distant
source

Convex
MmIrror
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Normal —___ 1,\/9’
to surface” 4

Concave
mirror



32-3 EIOWAa Z@aipIKwVv KaTtotrTpwy

AtopEG (OKTIVEG) TTOU TTHYAlOUV ATTO
MEYAAN atTOOTAON Eival OTNV OUCIA
TTAPAAANAEG.

Mirror
—7 )
—  These rays strike the

mirror, and they are
essentially parallel.
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32-3 EiIOWAa Z@aipiIkKwv KaToTrTpwyv

2PAIPIKO ZPAAuaQ:

-
Ol AVAKAQOEIG .
TTAPAAANAWYV -
OKTIVWV QPWTOG ATTO
KoiAo kartotrtrpo, AEN -
O1EpyxovTal atmrod 10 >
i

i010 onpeEio.
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32-3 EiIOWAa Z@aipiIkKwv KaToTrTpwyv

10 KATOTTITPO ME MIKPN KAMTTUAOTNTA TO
«OQ@AANO» (EKTPOTTH) €ival MIKPO KOl TO ONMEIO
TOMEIC TWV OVOKAACEWY OVOMALETAI EOTIA.

Principal
axis

Copyright © 2009 Pearson Education, Inc



32-3 EiIOWAa Z@aipiIkKwv KaToTrTpwyv

ATTO TNV YEWMETPIA TOU CUCTAMATOS BPICKOUME
OTI, N EOTIOKNA ATTOCTOON €ival TO AMIOU TNG

OKTIVOG KAMTTUAOTNTAOG:

f = g |spherical mirror|

Ta ocpaipika ceaAuara umropeEi va BeATiwOouy ue
TNV XPHon mapaBoAIKwyv Karomrrpwy. To KOOTOC
KATAOKEUNG Eival OWC TTOAU UEYAAUTEPO KAl
ETTOUEVWC HOVO O€ ECAIPETIKEC TTEPITITWOEIC
Xpnoigorroiouvrail (1. X. O£ TNAECKOTTIA)
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32-3 EiIOWAa Z@aipiIkKwv KaToTrTpwyv

Mo Tov oXNUATIONO TOU £10WAOU
XPNOIMOTTOIOUME TPEIGC OKTIVEG PWTOG TTOU
TTNYAouVv aT1TO TO OVTIKEIMEVO.

1. Mia TrTapAAANAN OECUN META TNV OVAKAOON
OIEPXETAI OTTO TNV EO0TIA.

2. Mia O€oun TTOU DIEPYETAI OTTO TNV EOTIA
avakKAAQTal TTapAAANAG oTOV AEOVA TOU
KATOTTTPOU.

3. A£OMN KABETN OTO KATOTTTPO ETTICTPEPEI OTO
EQUTO TNG. .
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32-3 EiIOWAa Z@aipiIkKwv KaToTrTpwyv

0O 1
Ray 1 goes out from s .
O’ parallel to the axis (.: t F
and reflects through F. 1 O < F A

Ray 2 goes through F
and then reflects back
parallel to the axis.

Ray 3 is chosen perpendicular
to mirror, and so must reflect
back on itself and go

through C (center

of curvature).

Diverging rays
heading toward eye
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32-3 EIOWAa Z@aipIKwVv KaTtotrTpwy

H Toun Twv TpIiwyv deCHWYV TTPOoodIopPIlEl TV
0Eon ToU £10WAOU TOU CUYKEKPIMEVOU OTUEIOU
TOU aVTIKEINEVOU. [Na TO OXNUATICHO TOU
TTARPOUG EI0WAOU TOU OVTIKEIMEVOU
eTavaAauBAavoupe yia OAa Ta onuEia.



32-3 EiIOWAa Z@aipiIkKwv KaToTrTpwyv

[EWMPETPIKA NTTOPOUNE VO
TTPOCOIOPICOUUE TNV OXEON AVTIKEIMEVOU
£10WAOU KOl ECTIOKNS ATTOOTAONG EVOG
KATOTTTPOUV:
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32-3 EiIOWAa Z@aipiIkKwv KaToTrTpwyv

H peyébuvon (AOyog d1aoTACEWYV EI0WAOU Kl
AVTIKEINEVOU) OIOETAI ATTO TNV OXEON:

To apvnTIKO TTPOOCNMO ONAWVEI OTI TO EIDWAO
Eival OVECTPOAMMEVO.

Copyright © 2009 Pearson Education, Inc



32-3 EIOWAa Z@aipIKwVv KaTtotrTpwy

‘Eva diapavTtevio OakKTUAIdI Uyoug 1.5 cm
TotroBeteiTal 20.0 cm aT1rod £€va KoiAo
Katotrtpo pE akTiva 30.0 cm. Bpeite (a) Tnv
0<on Tou £10WAo0U Kal (b) To uEyeboG.



APPROACH We determine the focal length from the radius of curvature
(Eq. 32-1), f = r/2 = 15.0em. The ray diagram is basically like that shown in
Fig. 32-16 (repeated here on this page). since the object is between F and C. The
position and size of the image are found from Eqgs. 32-2 and 32-3.

SOLUTION Referring to Fig. 32—-16, we have CA = r = 30.0cm, FA = f =15.0 cm,
and OA = d, = 20.0 cm.

(a) From Eq. 32-2,
1

1
d ~ f d
1 |

- . _ _ _
15.0em  20.0 ecm 0.0167 cm™".

So d; = 1/(0.0167 cm™) = 60.0 cm. Because d, is positive, the image is 60.0 cm
in front of the mirror, on the same side as the object.



(b) From Eq. 32-3, the magnification is

m = — —

60.0 cm
= — = —3.00.
20.0 cm 00

The image is 3.0 times larger than the object, and its height is
hy = mh, = (—=3.00)(1.5em) = —4.5cm.

The minus sign reminds us that the image 1s inverted, as in Fig. 32-16.

NOTE When an object is further from a concave mirror than the focal point, we
can see from Fig. 32-15 or 32-16 that the image is always inverted and real.
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32-3 EIOWAa Z@aipIKwVv KaTtotrTpwy

Edv TO avTiKeEiyevo TOTTO0ETNOEI OTNV BEON
TOU £10WAO0U, TO VEO EiIOWAO o€ TTOI0 BE0N
0a oxNUATIOTEI;




32-3 EIOWAa Z@aipIKwVv KaTtotrTpwy

Edv TO avTiKEIiNEVO BPICKETAI OE ATTOCTOON
MEYOAUTEPN ATTO TNV AKTIVA KAMTTUAOTNTOG, EVOG
KOIAOU KATOTTTPOU, TO £i0WAO Ba gival
OVECTPOMMEVO, MIKPOTEPO KAl TTPAYHOATIKO.

Image %\
of your R |
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32-3 EIOWAa Z@aipIKwVv KaTotrTpwy

AvTIKEipeVOo Upoug 1.00-cm BpioKeTal O€ ATTOCTAON
10.0 cm atrd KoiAo KaBpErrTn pe akTtiva 30.0 cm. (a)
ZwWypa@ioTe TO EiIOWAO Kal TNV HeEyEBuvonN

Copyright © 2009 Pearson Education, Inc.



APPROACH We draw the ray diagram using the rays as in Fig. 32-15, page 844.
An analytic solution uses Eqs. 32-1, 32-2, and 32-3.

SOLUTION (a) Since f = r/2 = 15.0cm, the object is between the mirror and
the focal point. We draw the three rays as described earlier (Fig. 32-15); they are
shown leaving the tip of the object in Fig. 32-17. Ray 1 leaves the tip of our
object heading toward the mirror parallel to the axis, and reflects through F. Ray 2
cannot head toward F because it would not strike the mirror; so ray 2 must
point as if it started at F (dashed line) and heads to the mirror, and then is
reflected parallel to the principal axis. Ray 3 1s perpendicular to the mirror, as
before. The rays reflected from the mirror diverge and so never meet at a point.
They appear, however, to be coming from a point behind the mirror. This point

locates the image of the tip of the arrow. The image is thus behind the mirror and
is virtual. (Why?)
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(h) We use Eq. 32-2 to find d; when d, = 10.0 cm:

1 1 1 - 1 B 1 o 2-3 1
d; f d, 15.0cm 10.0 cm 30.0 cm 30.0 cm
Therefore, d; = —30.0cm. The minus sign means the i1mage 1s behind

the mirror, which our diagram also told wus. The magnification is
m = —di/d, = —(—30.0cm)/(10.0cm) = +3.00. So the image is 3.00 times
larger than the object. The plus sign indicates that the image is upright (same as
object), which is consistent with the ray diagram, Fig. 32-17.

NOTE The image distance cannot be obtained accurately by measuring on
Fig. 32-17, because our diagram violates the paraxial ray assumption (we draw
rays at steeper angles to make them clearly visible).

NOTE When the object is located inside the focal point of a concave mirror
(d“ < f’), the 1mage 1s always upright and vertical. And 1if the object O 1n
Fig. 32-17 1s you, you see yourself clearly, because the reflected rays at point O
are diverging. Your image 1s upright and enlarged.
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32-3 EIOWAa Z@aipIKwVv KaTtotrTpwy

Mo KUPTA KATOTTTPA TO

r V 4 Y 4 > : /’
gidwAo Elval TavTa L =5 -
EIKOVIKO, HIKPOTEPO KAl - 2FN C
op0i0.
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32-3 EIOWAa Z@aipiIKwv KaToTrTpwyv
NMwg AUvoupe TTPORBAAMATO HE CPAIPIKA KATOTITPO

1. Zxed1aloUME TNG OECHES PWTOG KAl BPiCKOUUE TO ONEio
TOMEIG.

2. E@apuOlOUNE TIG ESI0WOEIS TOU KATOTTTPOU KOl TNG
MEYEOuUvVONG.

3. 2ZUMBAOCEIC TTOCIMWYV: €AV TO AVTIKEIMEVO 1) TO €idWAO
BpioKeTal OTNV TTAEUPA TNG AVAKAAOTNG TO KATOTITPOU N
ATTOCTAOCEIG €ival OETIKEG. AIAQOPETIKA Ol ATTOCTACEIG
gival apvnTiKEG. H peyéBuvon gival OeTikA oTav 1O
giOWAO gival 6p0io Kal apvnTIKO OTaV gival
OVTECOTPOMMEVO.

4, ENEYXOUME OTI TO ATTOTEAECHO CUMPWVEI ME TO
O1AypaApMa TWV OECHWV.
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32-3 EIOWAa Z@aipIKwVv KaTtotrTpwy

O KaOpETTTNG EVOG
OQUTOKIVRTOU gival
KUPTOG ME akTiva 16.0
m. Bpeite TNV B€on ToU
£10WAOU Kdal TNV
MEYEBUVON YIa Eva
OVTIKEIMEVO OE€
ammréoTtaonl0.0 m.
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SOLUTION

1. Draw a ray diagram. The ray diagram will be like Fig. 32-19b, but the large
object distance (d, = 10.0m) makes a precise drawing difficult. We have a
convex mirror, so r 18 negative by convention.

2. Mirror and magnification equations. The center of curvature of a convex
mirror is behind the mirror, as is its focal point, so we set » = —16.0m so that
the focal length is f = r/2 = —8.0m. The object is in front of the mirror,
d, = 10.0m. Solving the mirror equation, Eq. 32-2, for 1/d; gives

1 | 1 1 1 —10.0 — 8.0 18

d~ f d, —-80m 10.0m 80.0 m  80.0m

Thus d; = — 80.0m/18 = —4.4m. Equation 32-3 gives the magnification

l’ii (_4.4 I'l'lj 10.44
m = —— = — = A
d, (10.0m)
3. Sign conventions. The image distance 1s negative, —4.4m, so the image is
behind the mirror. The magnification is m = +0.44, so the image is upright
(same orientation as object) and less than half as tall as the object,

4. Check. Our results arc consistent with Fig. 32-19b.
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32-4 Agiktng A1aBAaong

, TABLE 32-1 Indices of
['evika TO WG Refraction’

emIBpaduveTal OTAV

z 7 £ Material ==
TePVAEl HEGA ATTO aterta "
UAIKa. O BEI'KTr]g Vacuum 1.0000
O1d0AaonNG evOG UAIKOU  Air (at STP) 10003

- z Water 1.33
EIVG’| o )\OYOQ ™me i Ethyl alcohol 1.36
TAXUTNTAG TOU QWTOG Glass

4 Fused quartz 1.46

oTO ’KSVO )[4 'ITPOQ’TT]V Crown glass 152
TAXUTNTA TOU QPWTOG Light flin 58
péoa a1TTO TO UAIKO. Luc¥te or Ple)i;lglas 1.51
Sodium chloride 1.53

Diamond 2.42
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A = 589 nm.



32-5 AlaBAaon Nopog Tou Snell

2& HI1a OIOXWPICTIKE ETTIPAVEIO N TTOPEIA TOU PWTOG
aAAadlel. To @aivopevo ovopacletal d1a0Aaon. H ywvia
O1a6Aaong gival n ywvia Tng véag dieubuvong pEoa aTtrod
TO UAIKO WG TTPOG TNV KABETO OTO ONUEIO TTPOCTITWOEWG
oTNV OIOXWPEICTIKA ETTIPAVEIQ.

Normal
| Normal
Source I |
fidert | Reflected E{efracted :
ray : ray ’ |
5} | 92 |
| Air (ny) | Air (n,)
I Water (1,) Reflected | Water ()
o, ray 0, £2§1dent
I
| Refracted :
| o | %Source
nz - nl nl > T’lz

Ray bends toward L
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Ray bends away from L



32-5 AlaBAaon Nopog Tou Snell

Foot appears
to be herc ™.
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32-5 AlaBAaon Nopog Tou Snell

H ywvia d1a0Aaong trpoodiopileTal atrd
TOV VOuO Tou Snell:

nsme; = n,sino,.
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32-5 AlaBAaon Nopog Tou Snell

Air Glass Alir

Mia OEoUN PWTOG TTEPTEI
TTAVW OE EVA KOMMATI
(TrapaAANAeTTITTEDO)
YUOAIOU PJE ywvia 60° Eav
o O&ikTng d1aBAaong ival
1.50, (a) BpeiTe TNV ywvia
d1a6Aaong 4, (b) Tnv
Ywvia 6, E§0dou Tng
O£0MNG ATTO TO YUQAI.

Ray
from
object

/“Image” (where object
appears to be) when
viewed through the
glass
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APPROACH We apply Snell’s law at the first surface, where the light enters the
glass, and again at the second surface where it leaves the glass and enters the air.
SOLUTION (a) The incident ray is in air,so n, = 1.00 and n, = 1.50. Applying
Snell’s law where the light enters the glass (Ei] = 6{]“') gives

1.00

sinfl, = ﬁsin 60° = 0.5774,

so 0, = 35.3".

(b) Since the faces of the glass are parallel, the incident angle at the second
surface is just 6, (simple geometry),so sinf, = 0.5774. At this second interface,
n, = 1.50 and n, = 1.00. Thus the ray re-enters the air at an angle g [= Hg)
given by

1.50

sinflyp = msinHA = ().866,

and Ay = 60°. The direction of a light ray is thus unchanged by passing through
a flat piece of glass of uniform thickness.

NOTE This result is valid for any angle of incidence. The ray is displaced slightly
to one side, however. You can observe this by looking through a piece of glass

(near its edge) at some object and then moving your head to the side slightly so
that you see the object directly. It “jumps.”

Copyright © 2009 Pearson Education, Inc.



32-5 AlaBAaon Nopog Tou Snell

Ta yuaAid evog KOAUMBNTH £TTECAV OTOV
TTATO MIOG TTIoivag JE EvOelgn Badoug 1.0 m.
2TOV KOAUHBNTA OpWG TO BABOC poladel
TTOAU pIkKpOTEpO. TMaTi; Ti1 BaBog poiadlel va
EXEI N TIOIVA OTAV KOITAME KABETO OTNV
ETTIPAVEIO TOU VEPOU,;



APPROACH We draw a ray diagram showing two rays going upward from a
point on the goggles at a small angle, and being refracted at the water’s (flat)
surface, Fig. 32-25. The two rays traveling upward from the goggles are refracted
away from the normal as they exit the water, and so appear to be diverging from
a point above the goggles (dashed lines), which 1s why the water seems less deep
than it actually is.

SOLUTION To calculate the apparent depth 4" (Fig. 32-25), given a real depth
d = 1.0m, we use Snell’s law with n, = 1.33 for water and n, = 1.0 for air:

sinfl, = n;sinf,.

We are considering only small angles, so sinf = tanf = #, with # in radians. So
Snell’s law becomes

E: = H|H|_.
From Fig. 32-25, we see that

X
and #, = lanfl, = —

#: = lanf, = — .
: : d’ d

Putting these into Snell's law, 8, = n,8,, we get

LN
4 My

T
. d  10m )
' = - = 5= = 075m.

The pool seems only three-fourths as deep as it actually is.




32-6 Opato daocua AlaocTtropda

To 0paTO @ACHA TTEPIEXEI TTOAAEGC CUXVOTNTEG
TTOU Eival «OPATES» OTO AVOPWITIVO MATI.

400 nm 500 nm 600 nm 700 nm
YTrePIWOEG Y1épubpo

Ultra violet Ultra red
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32-6 Opato daocua AlaocTtropda

['a TTOAAQ UAIKAG 0 O€ikTnG O1a0Aaong aAAadel
oaVv CUvVAPTNON TOU NAKOUG KUMOTOG. AUTOG
gival Kal 0 AOyog TToOU OPICHEVA UAIKA, OTTWG TA
TTPICHATO NTTOPOUV VA XPpNOINOTTOINOOUYV YIa
VO OVOAUCOUNE TO WG OTIC CUVIOCTWOEG TOU.

1.7
E\\S@ate flint glass
- C
'qé ] - Borate flint glass
:ﬂg E— Qu!artz
:c_% — Silicate crown glass
< 1.5 '
& C —_ ; .
— used quartz o) ]
- Ct
- Wall or
1.4 SCreen
400 500 600 700
Wavelength (nm)
Violet Blue Green Yellow Orange Red
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32-6 Opato daocua AlaocTtropda

H avdAuon Tou @wTOG OTA ETTINEPOUG
«XPWHATA» (CUXVOTNTEG) ovoudaleTal dlaoTTOPA

These two rays

are seen by
observer (not
to scale)
Green
' Blue
& Violet
' Violet
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32-6 Opato daocua AlaocTtropda

TOo XpPWHO AVTIOCTOIXEI OE CUYKEKPIMEVO MNKOG
KUMOTOS. Edv KATTOI0 AVTIKEIMEVO EKTTEMTTEI
Pw¢ ota 650 nm, TTOU OTOV Oépa Ba NTaV
KOKKIVO, OTO VEPO, AOyw TOU OINPOPETIKOU
O€iKTn O1AO0AAONG TO «VEO-PAIVOUEVOAOYIKO»
MAKOG KUMaTog Oa gival 650 nm/1.33 = 489 nm,
TTOU OTO aépa Ba ATav pTrAe. MNarti Ouwg 10

MATI pag ouveXidel va TO AVTIAOQUBAVETAI WG
KOKKIVO;



32-7 ECWTEPIKN avakKAaon

OT1av n d100Awpevn ywvia gival 90° dnA n
eCEPXOMEVN OECHUN aKOAOUBEI TNV OIOXWPEICTIKN
EMIPAVEIN OUO UAIKWV, TOTE N YWwVid
TTPOCTITWOEWG OVOMAJETAI KPIOIMN YWvia

....
....
S

i
../



32-7 ECWTEPIKN avakKAaon

Mépav TNS KPIGIMNG YWViaG 6, V
N S1aXWPICTIKA ETTIQAVEIX Ny

Opa WG KATOTTTPO KAl o
EXOUME OAIK} avAKAaon. )

| |
ny (< ny) /g K L

0, O |

Source
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32-7 E@apuoyég EcwTeEPIKNG

Y 4
avakAaong
"“; ______________ \\\
! N
| I \\
! \
< ___, !
|
| |
\ =T
\\ [
N U
N\ \
M_T __________ I—.—Lﬁ
: !
=




32-7 OTrTIKEG ‘Iveg

Mia TTOAU ONMOVTIKA EQAPHOYN TNG ECWTEPIKNG
aVAKAQONG €ival Ol OTITIKEG iVEG. ETTITUYXAVOUME
01a000N PWTOG ME EAAXIOTES ATTWAEIES VIO TTOAU

MEYAAEG ATTOOTACEIG.



32-8 AIaBAaon og oPaIPIKA
ETTIQAVEIX

H KUPTEC DIAXWPICTIKEG ETTIPAVEIES
£0TIACOUV TNV OECHUN TOU PWTOG.




32-8 AIaBAaon og oPaIPIKA
ETTIQAVEIX

Mia KOiAn O10XWEICTIKA ETTIPAVEIQ
OTTOKAIVEI TNV OECHN.




32-8 A1dOAaon o€ ocPAIPIKA
ETTIQAVEIA
Mia TTnyn @wTtog BpiokeTal 25.0 cm a1rdé TO KEVTPO

MI0G YUAAivng o@aipag pe aktiva 10.0 cm. Bpeite
TO €idWAo0.
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APPROACH As shown in Fig. 32-41), there are two relractions, and we treat them
successively, one at a time. The light rays from the source first refract from the
convex glass surface facing the source. We analyze this first refraction, treating it
as in Fig. 32-36, 1gnoring the back side of the sphere.

SOLUTION Using Eq. 32-8 (assuming paraxial rays) with »n, = 1.0, n, = 1.5,
R =100cm, and d, = 25.0cm — 10.0cm = 15.0cm. we solve for the image
distance as formed at surface 1, d;:

1 1({::1 n.}_ﬂ,)_ | (Ij—H}_ 1.0 ) I
diy N2\ I i, 1.5 10.0ecm 15.0em 9.0 cm

Thus, the mmage of the first refraction is located 90.0cm to the left of the
front surface. This image (/,) now serves as the object for the refraction occurring
at the back surface (surface 2) of the sphere. This surface is concave so

E = —10.0 cm, and we consider a ray close to the axis. Then the object distance 1s
dya = 900em + 2(100cm) = 110.0em, and Eq. 32-8 vields, with n, = 1.5,
n, = 1.0,

1 _ 1 (l,ﬂl - 1.5 l.5 ) _ 4.0

o 5 1.0 4 —10.0 cm 110.0 c¢m 110.0 cm

50 i = 28 cm. Thus, the final image is located a distance 28 cm from the back
side of the sphere.
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