Ke@aAaio 32
dwg: AvakAaon Kai
A106Aaon




Mepiexopeva KepaAaiou 32
ewpETPIKR Bewpnon Tou PwTOG
AvakAaon
Anuioupyia e1IdwWAou a1Td KATOTTTPOA.
AgikTng A1dOAaong
Noépog Tou Snell
Opatdé Pdopua kai AlaocTTopd
EocwTepIkN avakAaon
OTITIKEG IVEG

A1GBAOON 0& OCPAIPIKES ETTIPAVEIES



32-1 NewpeTpikN OTTTIKNA

To @wcg Kiveite euBUypappa (cuviROwg).
AVOTTOPIOTOUME TO PWG UE eUBEIEC YPAMMES
TTOU TTRYAlouV a1Td KATTOIa TTNYA.

This bundle
enters the eye




32-2 AvakAaon atro ETitredn Emi@aveia

NONOC TNG avAKAQONG: N YWVid TTPOCTITWOEWG
gival ion ME TNV YWVIiA aVOKAACEWG.

Normal

to surface
|
|
|
|

|
Angle of | Angle of
. incidence | reflection
Incident 0. ! o Reflected
light ray g T, light ray

—_——
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32-2 AvakAaon atro Etritredn Emigaveia

Ot1av n emi@Aveia avakAaong gival adpn, TOTE O
VOMOG avakAaong ocuveXidel va 1I0XUEI aAAa
EXOUME MIO KKOTOVOMN» YWVIWV TTPOCTITWOEWV.
MiAoUue yia d1axuTn avakAaon.




32-2 AvakAaon atré ETitredn Emi@adveia

Me Tnv diayxuTtn
avAakAaon
«BAETTOUME» TO
OVOKAWMEVO QWG
OXEOOV O€ OAEG TIG
vywviegg. MNa
«KAVOVIK»
aVAKAOQON, TO HATI
MOG TTPETTEI VA
BpioKeTOI OTNV
«OWOTA» VIO VO
o€l PWG.
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Eye at both
positions sees
reflected
light

The eye here
does not see

reflected light L€ eye here
does see

reflected light
$ </
S
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32-2 AvakAaon atré ETitredn Emi@adveia

AUo etTiTreda KATOTITPA €ival KABeTa METASU TOUG. Mia E10EPXOMEVN OKTIVA
PWTOG TTPOCKPOUEI OTO TTPWTO KATOTTTPO ME Ywvia 15°. Bpeite Tn ywvia
aVAKAOONG TOU OEUTEPOU KATOTTTPOU.

135° e

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 AvakAaon atré ETitredn Emi@adveia

To €iOWAO €VOG AVTIKEINEVOU O€ £va £TTITTEDO

KOOPETTTN (KATOTTTPO) HOIAdEl oaVv va BPioKETAI
TTiCW ATTO TOV KAOPETTTN.

To €idwAo ovopdadleTai
Rl cais KEIKOVIKO OVTIKEIMEVOY
Kol BpioKETAI O€
aTTéOoTOON ION ME TNV
~ aITOoOTAON TOU
| TTPAYMOATIKOU
' AVTIKEIYEVOU OTTO TOV

KOOpETTTN.
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32-2 AvakAaon atré ETitredn Emi@adveia

Mia @oitATpia Uyoug 1.60

m ka@petrti¢eTal. MNMoloto |
gA\dx1oTo UYoOC TOU 00
KOOPETTTN KAl TTO00 YnAd
TTPETTEI VA BPICKETAI ATTO
TO 0ATTEdO0 WOTE VA 1.50 m
MTTOPEl Va «BAETTEI» OAO
TNG TO CWMA; YTroBEoTE
OTI TA HATIO TNG
BpiokovTal 10 cm KATW
a1To TO TTAVW MEPOG TOU |
KEPAAIOU TNG.

4
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APPROACH For her to sce her whole body, ligo.l_%_ m Gr L AH‘

and from the bottom of her foot must reflect fr
see Fig. 32-8. We don’t show two rays divergi |
\B Image ‘11'; {
[ *
| \
| N\
| \\ 'v‘?
| \ )
|
- A D C

Fig. 32-7, where we wanted to find where the 1s50m
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.

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 = 1.60m — 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 F
which is 5 cm 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 (.75 m 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.

Mirror
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32-3 EIOWAa 2Z@aipiKwVv KATOTTTPpWYV

O1 o@aIpIKOi KABPETTTEC HTTOPOUV VO AVAKAOUV
EITE ATTO TNV ECWTEPIKNA TOUG ETTIPAVEIA (KOIAN-
concave) €iTe Ao TNV £WTEPIKN (KUPTA-cONveX).

Normal —~
to surface S
Qi /

Rays
from
distant
source

Convex
mirror

KUPTOG
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32-3 EidwAa Z@aipikwv KatotrTpwy

Atopeg (aKTiVEG) TTOU TTYAJOUV ATTO
MEYAAN atréoTOON E£iVOl OTNV OUCIA
TTAaPAAANAEG.

Mirror

— )
——  These rays strike the

mirror, and they are
essentially parallel.
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32-3 EIOWAa 2Z@aipiKwVv KATOTTTPpWYV

2(PAIPIKO ZPAAUA:

Ol AVOKAQOEIG
TTAPAAANAWY
OKTIVWV QWTOG aTTd
KoiAo KaTtotrTpo, AEN
OIEpYoVvTal ATTO TO
i010 onpueEio.

Y Y VY VY

Y YVY Y
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32-3 EIOWAa 2Z@aipiKwVv KATOTTTPpWYV

N1 KATOTTTPA ME MIKPN KOUTTUAOTNTO TO
«OQAAMA» (EKTPOTTH) Eival NIKPO KAl TO ONUEIO
TOMEIC TWV AVAOKAACEWY OVOMAJETAI ECTIA.

Principal
axis
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32-3 EIOWAa 2Z@aipiKwVv KATOTTTPpWYV

ATTO TNV YEWUETPIA TOU CUCTAMOTOG BPICKOUME
OTI, N EOTIOKN ATTOOTACN £ival TO AMICU TNG
OKTIVOG KAMTTUAOTNTOG:

f = g [spherical mirror]
Ta opaipika ceaAuara umropeEi va BEATiwOouyv ue
TNV Xpnon mapaBoAIKwv KATOTTTPwWY. TO KOOTOC
KATAOKEUNG Eival OUWCS TTOAU UEYAAUTEPO KAl
ETTOUEVWC OVO O€ ECAIPETIKEC TTEPITITWOEIC
xpnoigorroiouvrai (m.x. 0€ TNAECKOTTIA)
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32-3 EIOWAa 2Z@aipiKwVv KATOTTTPpWYV

[Na Tov oXNUATICHO TOU £10WAOU

XPNOIMOTTOIOUME TPEIG AKTIVEC PWTOG TTOU
TTNYAadouVv a1Td TO OVTIKEIMEVO.

1. Mia TTapAaAANANn OECUN META TNV AVAKAOGOT
OIEPXETOI OTTO TNV EOTIA.

2. Mia akTiva TTou JIEPYETAI ATTO TNV EOTIA
avakAATal TTapAAANAa oTOV AEOVA TOU
KOTOTTTPOU.

3. A£oUN KAOETN OTO KATOTTTPO ETTICTPEPEI OTO
EAUTO TNG.
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32-3 EIOWAa 2Z@aipiKwVv KATOTTTPpWYV

o’ 1
Ray 1 goes out from ¢ >
O’ parallel to the axis g f 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 EidwAa Z@aipikwv KatotrTpwy

H TouR TWV TPIWV OKTIiVWYV TTPOoCcdIopileEl TNV
0€on TOU EI0WAOU TOU CUYKEKPIMEVOU OTNUEIOU
TOU aVTIKEIMEVOU. 10 TO OXNUATICMO TOU
TTANPOUC £I0WAOU TOU AVTIKEINEVOU
ETTAVOAAUBAVOUUE VIO OAO TO CNMEIQ.
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32-3 EIOWAa 2Z@aipiKwVv KATOTTTPpWYV

[EWMPETPIKA UTTOPOUNE VO
TTPOOCOIOPICOUME TNV OXEON AVTIKEIMEVOU
£10WAOU KOl ECTIOKNG ATTOOTACNG EVOC
KOATOTTTPOU:




32-3 EIOWAa 2Z@aipiKwVv KATOTTTPpWYV

H peyébuvon (AOyog d1aoTACEWYV £1I0WAOU Kl
AVTIKEINEVOU) OIOETAI ATTO TNV OXEON:

To apvnTIKO TTpOCNHMO ONAWvEl 0TI TO EiIdWAO
Eival OVECTPOAMNMEVO.



32-3 EidwAa Z@aipikwv KatotrTpwy

‘Eva diapavTevio OakTUAiIdlI uyoug 1.5 cm
TotrofeteiTal 20.0 cm a1rd £€va KoiAo
Katotrtpo peE akTiva 30.0 cm. Bpeite (a) Tnv
B<on Tou £1d0wAou Kal (b) To pEyedog.



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

B 1 B 1
~ 150cem 20.0cm

= 0.0167 cm™".

So d; = 1/(0.0167 cm™) = 60.0 cm. Because d, is positive, the image is 60.0 cm
| 1n [ront 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)(1.5cm) = —4.5cm.

The minus sign reminds us that the image 18 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 EidwAa Z@aipikwv KatotrTpwy

Edv 10 avTikeipevo ToTTOo0eTNOEI OTNV O€0N
TOU €1I0WAOU, TO VEO EIDWAO o€ TTOIO B0
0a oxnUaATIOTE;
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32-3 EidwAa Z@aipikwv KatotrTpwy

Edv TO avTIKEINEVO BPICKETAI O ATTOOTACN
MEYOAUTEPN ATTO TNV OKTIVA KAMTTUAOTNTAG, EVOG
KOIAOU KOTOTTTPOU, TO £idDWAO Ba gival
OVECTPOMMEVO, MIKPOTEPO KOI TTPAYHATIKO.

Image y \
of your R |
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32-3 EidwAa Z@aipikwv KaTotrTpwy

AvTikeipevo upoug 1.00-cm BpioKETAI OE ATTOOTAON
10.0 cm a1rd Koiho KaBpETrTn pe akTtiva 30.0 cm. (a)
Zwypa@ioTe TO EiOWAO Kal TNV Heyéduvon
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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
1s virtual. (Why?)
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(b) We use Eq. 32-2 to find d; when d, = 10.0 cm:

11 1 ° 1 B | _2=-3 1
d; f d, 15.0 cm 10.0 cm 30.0 cm 30.0cm
Therefore, d; = —30.0cm. The minus sign means the image 1is behind

the mirror, which our diagram also told wus. The magnification is
m = —d;/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
(dn < f), the image 18 always upright and vertical. And if the object O 1n
Fig. 32—-17 is you, you see yourself clearly, because the reflected rays at point O
are diverging. Your image is upright and enlarged.
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32-3 EidwAa Z@aipikwv KatotrTpwy

Mo KUPTA KATOTTTPO TO
g£iOWAO gival TTavTa
EIKOVIKO, MIKPOTEPO KAl -
6p0i0.
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32-3 EIOWAa 2Z@aipIiKwV KATOTTTPpWYV
NMw¢ Auvoupue TTPOBAAMATA HE CPAIPIKA KATOTTTPO

1. ZxedI1A(OUME TNG OEOHES PWTOG KOl BPICKOUME TO ONUEio
TOMEIG.

2. E@apuOlOUME TIC EEICWOEIC TOU KATOTTTPOU KAl TNG
MEYEOuvONG.

3. 2ZUMBACEIC TTOCIMWYV. €AV TO OVTIKEIMEVO 1| TO €idOWAO
BpiokeTal TNV TTAEUPA TNGS AVAKAOONG TO KATOTTTPOU N
ATTOOTACEIC Eival BETIKES. AIAQPOPETIKA Ol ATTOOTACEIG
gival apvnTIKEG. H pey€EBuvon gival BeTikR oTav 1o €idwAo
gival 6p0B10 Kal apvnTIKO OTAV Eival AVTECTPOAMMEVO.

4, EANEYXOUME OTI TO ATTOTEAECHO OCUMPWVEI JE TO
OIAYPOAUMO TWV OETHUWV.
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32-3 EidwAa Z@aipikwv KatotrTpwy

O KaBpETTTNG £VOG
OUTOKIVITOU Eival
KUPTOG ME akTiva 16.0
m. Bpe&iTe TNV 0€0n TOU
£10WAOU Kal TNV
MEYEOUVON VIa Eva
OVTIKEIMEVO O€E
amréoTaonl0.0 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 = —— = - — R
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 A1dGAaong

, TABLE 32-1 Indices of
["evika TO PWg Refraction'

EMIRPAOUVETAI OTAV

, p P Material
TEPVAEl HEOO ATTO e

UAIKA. O O€iKTNng Vacuum
0100AaoNG evog UAIKOU Air (at STP)
gival o Abyog Tng M

| i Ethyl alcohol
TaXUTNTOG TOU (PWTOG Glass

OTO KEVO WG TTPOG TNV
TAXUTNTO TOU PWTOG
MECO ATTO TO UAIKO.
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Fused quartz
Crown glass
Light flin

Lucite or Plexiglas
Sodium chloride
Diamond

"A = 589 nm.



32-5 AiaOAaon Nopog Tou Snell

2& M1a SIOXWPEICTIKA ETTIPAVEIQ N TTOPEIA TOU PWTOG
aAAadel. To @aivopevo ovopacleral d1dBAaon. H ywvia
O1a6Aaong gival n ywvia Tng véag disubuvong HEoA aTTO
TO UAIKO WG TTPOG TNV KAOETO OTO ONMEIO TTPOCTITWOEWG
oTnV SIOXWPEICTIKA ETTIQAVEIOQ.

Norlmal Normal
Source | l
Incident | Reflected Faefracted :
ray | ray Y |
I
iy 0, |
| Air (1)) | Air (1)
I Water (71,) Reflected /! Water (n;)
10> ray 16 1Iﬂg;ldent
: Refracted : &
I ray I % ource
ny > 1y ny > n,

Ray bends toward L
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Ray bends away from L



32-5 A1aOAaon Nouog Tou Snell

Foot appears
to be here
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32-5 A1aOAaon Nouog Tou Snell

H ywvia d1a0Aaong TrpocdiopileTal aTro
TOV VOuO TOoU Shell:

nysing;, = n,sinb,.



32-5 A1aOAaon Nouog Tou Snell

Air Glass Air

Mia akTiva @WTOC TTEPTEI
TTAVW OE EVA KOMMATI
(TrTapAaAANAETTITTEDO)
YUOAIOU pE ywvia 60°. Edv
o 0¢ikTNn¢ d1a0Aaong givai
1.50, (a) Bpeite TNV ywvia
d1a6Aaong 4, (b) Tnv
ywvia g, E§000u TNnGg
O£0MNGS ATTO TO YUQAI.

Ray F
frl;).m “Image” (where object
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.”
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32-5 A1aOAaon Nouog Tou Snell

Ta yuaAid evog KOAUUBNTA £€TTECAV OTOV
TTATO MIOG TTICivag JE £€vOeIgn Baboug 1.0 m.
2TOV KOAUMBNTA OpWwG TO BABOC poladel
TTOAU piIkpoOTepo. Tari; Ti BaBog poiadler 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 = tan#f = #, 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

R | ..

- il

I
or d=10m
d 1.0m

1" = — = —— = (.75m.

‘ ny 1.33
The pool seems only three-fourths as deep as it actually is. X




32-6 Opatdé Paocua AlaoTTopA

To OpaTO PACHA TTEPIEXEI TTOAAEGC OCUXVOTNTEG
TTOU £ival «OPATES» OTO AVOPWITIVO UATI.

400 nm 500 nm 600 nm 700 nm
YTTEPIWOEG Y1épubpo

Ultra violet Ultra red
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32-6 Opatdé Paocua AlaoTTopA

Mo TTOAAG UAIKA 0 O€iKTNG O1a0Aaong aAAdadel
oaV CUVAPTNON TOU NAKOUG KUMATOG. AUTOG
gival Kal 0 AOYyOog TTOU OPICHEVA UAIKA, OTTWG T
TPICHATA MTTOPOUV VA XPNOCIMOTTOINOOoUYV Yia va
OVOAUOOUUE TO (PWG OTIC OUVIOTWOEG TOU.

e
E\\S&:ate flint glass
at -
v 1.6 :
E [— Borate flint glass
5} i ngrtz
& - '
§ E~ Silicate crown glass
o 1.5
a' - Fused . g
_— used quartz 0O ]
- Ct
: Wall or
1.4 SCreen
400 500 600 700
Wavelength (nm)
Violet Blue Green Yellow Orange Red
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32-6 Opatdé Paocua AlaoTTopA

H avaAuon Tou @WTOG OTA ETTINEPOUG
«XPWHATA» (CUXVOTNTES) ovoualeTal OlaoTTOPA

These two rays Su”light
are seen by

observer (not
to scale)

Yellow
Green
Blue

Violet

Violet . Rred
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32-6 Opatdé Paocua AlaoTTopA

To XPWHMOA OVTICTOIXEI OE CUYKEKPIMEVO MNKOG
KUMOTOG. EAV KATTOI0 AVTIKEIMEVO EKTTEUTTEI
Pw¢ ota 650 nm, TTOU oTOV CaEpa Ba ATav
KOKKIVO, OTO VEPO, AOYW TOU OIOPOPETIKOU
O&iKTn O1A0AONG TO «VEO-PAIVOUEVOAOYIKO»
MAKOG KUMaTog Oa gival 650 nm/1.33 =489 nm,
TTOU OTO aépa B0a nTav UTTAe. MNaTti Ouwg 10

MATI pOg ouveXidel va TO aVTIAAUBAVETAI WG
KOKKIVO;
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32-7 ECWTEPIKN avAKAaon

Otav n d100Awpevn ywvia gival 90°, dnA n
eCEPXOMEVN OEOHUN OKOAOUBEI TNV OIAXWPICTIKN
EMIPAVEIN OUO UAIKWYV, TOTE N YwVid
TTPOOTITWOEWS OVOUACETAI KPITIMN YWVid

a4

....
....
S

i
../




32-7 EOCWTEPIKNA avakKAaon

Mépav TNG KpPioIUNG Yywviag 0, V
N S1aXWPICTIKA ETTIPAVEIA Ny ,

Opa WG KATOTTTPO KAl L
EXOUME OAIKI) avakKAaon. R

OAIkA avdakAaon 6tav 0,>0,

| |
| |
ny(<np) /1 K L

ny |
) Oc |

Source
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32-7 E@apuoyéc EcwTepIKAC

Y 4
avakKAaong
R ——
,’\ \\\
| h
! :
\ | \\
| A— |
| |
| |
-9 =N
\ I
\\ 1]
\ L)
—




32-7 OTITIKEG ‘Iveg

Mia TTOAU ONUAVTIKN £QAPHUOYN TNG ECWTEPIKNG
avVAKAQONG €ival Ol OTTTIKEG iVEG. ETTITUYXAVOUME
010000 PWTOC HE EAAXIOTEC ATTWAEIEC VIO TTOAU

MEYAAEC ATTOOTACEIG.




32-8 A1aBAaon og o@EAIPIKN
ETTIQAVEIA

H KUPTEC OIOAXWPICTIKEG ETTIPAVEIEG
£0TIACOUV TNV OECHUN TOU PWTOG.




32-8 A1aBAaon og o@EAIPIKN
ETTIQAVEIA

Mia KoiAn O1aXWPEICTIKN ETTIQAVEIX
OTTOKAIVEI TNV OEOMN.




32-8 A1aOAaon o€ cPaAIpIKN
ETTIQAVEI
Mia TTnyn @wTog BpiokeTal 25.0 cm a1rd TO KEVTPO

MIOG YUAAIVNG o@aipag pe akTiva 10.0 cm. BpeiTe
TO €idWAO.

Nt

I Source é\‘ '

R=10.0cm

I,



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 image of the first refraction is located 90.0cm to the lefi 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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