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1

What quantity do we get when dividing
the speed of light in a vacuum by the
speed of light in a medium?

Ay pudi Ladie Lgale Juaad Al dpasl) A La
Shugl B ¢ gl dS puu o £1 A A ¢ gual)

the index of refraction of the medium aw s jLulil Jalza

the critical angle

aaall 4150

the wavelength of the light in the medium bl 8 & guall L gall Jghal)

the frequancy of the light

in the medium bl 2 ¢ gudal) 33 5

2

The adjacent table shows the refractive
indices of yellow light (A= 589 nm) in
four different media. In which of these
media is the speed of yellow light
greatest?

el ¢ guall Ll eblalaa Guu glaall Jgaal)
. dalida gl dayJf 2 (A= 589 nm)

S ¢ puall A o 985 Jalia gV 038 (o (s (A
§ 8l

o pia) ggualt LSSl Selae
Indices of Refraction for Yellow Light

Ethanol Jeka¥ 1.36
Float Glass Jsdall zi> 30 1.52
Diamond ol 2.42

by
Diamond

Jsiy)
Ethanol

Jshaall zla 3l
Float Glass

As ) i Lgd

Same speed

3

(=)l ) (1= 1.52 )gla 3 e # seall Jiihy Laie R S ulSaiDU .yl g3 Lo

1.33

What is the critical angle for total internal reflection when light travels from glass

(n =1.52) to water (n = 1.33)?

48.8" | 29.0°

| 61.0° | 41.2°

asiles il (ha U gt Y

Ly 8 gl 518
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What happens to a light ray when it
travels from water (n=1.33) into air
(n=1) at an angle of incidence of 50°?

plall (3o Jalewy Ladis i gudal) g ladill ey )3
¢ 500 Jasiu g3 (n=1) #)9¢d) N (n=1.33)

A1 S Sl uay

total internal reflection.

ol L) g Sy

refracts parallel to the surface

(50°%) oS &gl s 61 56! (B smasly
refracts in air at an angle greater than
(50%.

(50°) (o JB) dag) s 51 g9l (A pmaSy

refracts in air at an angle less than (50°)

n

What happens to a light ray when it

travels from air (n=1) into water

SR EEWsiEs €eEi (ERT A § RaEevs ELvE

(n=1.33) at an angle of incidence of 50°?

RN S ulSad) Sy

total internal reflection.

gl L) g sl

refracts parallel to the surface

(50°) CraiS) &g £ 9d) (g2 sy
refracts in air at an angle greater than
(50°).

(50°%) oo B Ay ) o) 9 (A S

refracts in air at an angle less than (50°)

atiles s (o U geal Y
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What happens to the refracted ¢ godall JET) die puSiall g Ldll Saay 1l

beam when light passes through air gl (e o3lal 3 izl 0 el sl (e

to glass and then back to air? €6 A5 e el 5l I
n,q!ass > Ngir nE:Aj - n‘l"

ada by siia sl A alial) 3 gard) 0 Jariie sy
Refracts away from the normal then toward it

Al iyl o alial) 3 gand) (8 Iirise i
Refracts away from the normal then away from it

ada by eyl o allall 3 ganl) (8 L jila juusly
Refracts toward the normal then toward it

dda iz puly ol alial) 3 gard) (8 L il ey
Refracts toward the normal then away from it

~
Based on the following table: In which A el e gi gﬁ 1Al Jgaad) ‘_,Jc Jaladic)
of the following cases cannot total Tl ASH ulSat) Sidan o) (S Y
internal reflection occur?
_ Jsiuaal) gla 1 ) Gukall (50
Medium » oy From diamond to polished glass
Vacuum 1.00 g Al
A 10003" 2 EIAY ) plall G
From water to vacuum
Watar 133 LI
Ethanol 136 Jotey! gl ogd) (Al Fo)esl) Ga
Float glass 152 Jpadl glo From quartz to air
= i sl gl ) J sty o
Flint glass 162 Sl 2l ) From ethanol to flint glass
8
What is the physical phenomenon that ity @ Sad Al 4l 38 3 AUl L
occurs in optical fibers? ay pall
AN S ulSaiy) ABiial) p ulSady) aliial) (ulSady) L/
total internal reflection | Diffuse reflection | Specular reflection | Diffraction

aSiles mlla e Uil Y 1 Al 58 ghad BLIE
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9

You notice that when a light ray enters a
certain liquid from water, it is bent
toward the normal, but when it enters
the same liquid from float glass, it is
bent away from the normal. What can
you conclude about the liquid’s index of
refraction?

Al e Jila ) slall Ga g g JUEH die
@;3&113&&;0&1?@14}&!3&,&
33l G iy AT Ao L Y £330
Sl Jalaa G Aaliiad () (S L_g:ﬁ'l La ,PL—M.“

$ Jilad)

10

Is there a critical angle for light traveling
from glass to water? From water to glass?
Explain your answer.

Nyarer = 1.33 ,Ngpaes = 1.52

gl e Jiilall ¢ guall dn a Ayl 2255 S
Ll g o) TZN A slall Gaal Telall )
Nyater = 1.33 ,Ngpees = 1.52

11

If you were to use quartz and float glass
to make an optical fiber, which would you
use for the cladding layer? Why?

Nguartez = 1.54 » Nglass = 1.52

Jshad) zla il s 55 68 addiadiu cuis 13
A Jead it Lagia LW oAy uas dilyl) dslical
o) alal g Silil)

Nguartez = 1.54 yNglass = 1.52

alile s mllua o U geudi Y 12
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12

In what direction would you have to
be looking to see a rainbow on a rainy

late afternoon? Explain

o iy O oSl BT () g ol ol
8 gl (3 JAlIa g 85 ulae Aol (2 k)
lidla) b

13

The critical angle for a special glass in air
is 41.0°.

What is the critical angle if the glass is
immersed in water?

elogd) & zlal gl adl aal A ) dygl 3 Al

41.0°
o 1osaia zla 3l S 1) Aaad) gl 30 laka La
Celall

14

A light ray enters a block of float glass
(n=1.52), as illustrated in Figure. Use a
ray diagram to trace the path of

the ray until it leaves the glass.

Jstuaal) glajl) (o dakid b igud pladh JA
e a'i ‘;i éﬁ'ﬂ‘y Jﬁ‘ LaS (nii-szj
gl e il Linubia Aad) Jabada padid

gladl g A >

alile s mllia e U gead Y 13

Ay 8 b gl 518
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15

How does the size of the critical angle
change as the index of refraction of the
medium the ray is traveling into increases?

20330 Ll da o) &5 90 30 (el S o 3433 Ja
e ) A JE o) Jaw gl L) Jalaa

16

The adjacent figure shows a ray of light
passing through a transparent medium.
If the refractive index of air is (n=1.0)
Calculate the refractive index of the
transparent medium?

by po ja e gua pladi ) glaal) JSE ua g
Al

(0=1.0) #1564 JusS) Jalaa S 13}

SGLAAN Baca 1 jLusSll Jalaa el

1.69 | 1.91

081 | 1.31 |

Iransparent medium

s o §

17

Which path of the light ray PQ is correct
in the figure below when it travels from
water to air?

sLia) JSi) gﬁ PQ gladll maa jlua ‘_51
To) sl ) slal) e JAS Ladic

POT | POU | POV | POW
T
i : Air (n=1)
“ elgh
v ‘Q
Water(n=1.33)
sl
w |
alile s mlla e U geadd Y 14 Al 58 L gha LG
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18

Consider the following natural phenomena:

) Lnlal) ) gl b S

(1) Ground heating oA (i (1)
(2) Total internal reflection of light g pall A Al Gulsal) (2)
(3) Refraction of light £ gl sl (3)
(4) Diffraction of light & gall 4 g2 (4)
Due to which of these phenomena is a mirage Sl el 0585 21 g3 038 (a5 cotaans
formed?
Pe—— 4
\ - St 1,4
2,34
2,3
19
Which of the phenomena below is not Tl poad) 985 B 5795 Y A e )
p ; g < ,, : ) o
involved in the formation of mirages? e B e g S K
A. heating of air near the ground
e
B. Huygens’ wavelets B Sl B
C. reflection oullaN).C
D. refraction JLSYILD
aSiles lla (ya U gouls Y 15 Al 58 b ghad 38
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1

What quantity do we get when dividing Ay pudi Ladie Lgale Juaad Al dpasl) A La

the speed of light in a vacuum by the Shansl) b g gl &S o £ B g gl
speed of light in a medium?

m n
the index of refraction of the medium (Jaw gl jLusi) d-al-l-n) Wz

the critical angle daal) da gl

the wavelength of the light in the medium bl 8 & guall L gall Jghal)

the frequancy of the light in the medium b)) 2 ¢ guall 23 5

2
The adjacent table shows the refractive |  a¥) ¢ gual) JLai) cdlalaa G glaall Jgaad
indices of yellow light (A= 589 nm) in . Adlida bl gl 42y i 2 (A= 589 nm)
four different media. In which of these S ¢ puall A s & 95 Jalia gV 038 (o (s (A
5 s . __> ¢ {
media is the speed of yellow light jl 0 \ ' oS
greatest? Dl \/ T
o R
« yua gl (L) SSMalan / Diamond
Indices of Refraction for Yellow Light @
Ethanol
Ethanol Jsiuaall zla
Float Glass Jsdall zi> Float Glass
Diamond ool 2.42 e pud) Gudi Ly
Same speed
2
(n,=)skadl ) (n=1.52 )EL N (4 g gual) JEL Ladie A1) AS)) alSaiSl da ad) 43 9) 31 La
$1.33
What is the critical angle for total internal reflection when light travels from glass
(n =1.52) to water (n = 1.33)? PN
48.8" | 29.0° | (61.0° ) | 41.2°
~————
A (L t 33
- \r\ t ""
= 3 ) @C = SiIn ) 6'
n, > ﬂ v
alile s mlla e U geadd Y 16 Al 58 L gha LG
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What happens to a light ray when it
travels from water (n=1.33) into air

(n=1) at an ansle-ofineidence of 50°?

by Ladis A gal) pladdl Gaay 13l
4k (n=1) $1s¢d ) (n=1.33)

AR S GulSal) aSaly
total internal reflection.

Q] (s
ol L) g Sy

refracts parallel to the surface

(50°) anS) dxg 33 61 5) (A ey

refracts in air at an angle greater than

(50°) (o JB) dag) s 51 g9l (A pmaSy

refracts in air at an angle less than (50°)

(50°).
0 >N.
A 2o s
o - e - g .
ce Sm ﬂl) e(,: S\V\\ 'T_§3>: 4’8 '8

@|>@C

S -
What happens to a light ray when it 5l Jra Jalewy Ladie i gudal) £landll e )3La
travels from air (n=1) into water ¢ 507 1 sl L{ ale m=1 33Y clall I rm=1)
TR TR AR AR SUFESRRARE EEARSROY R ; - it D C i b i |
(n=1.33) at an angle of incidence of 50°?
A1 S ] ey Bl Ul ga iy
total internal 1;¢1]_¢ctlon refr. rface

(50°) rosST L9l 325 A sl
refracts in air at an angle greater than
(50°).

C(50°) & G &) s Pt (B ST

refracts in air at an angle Iess than (50°)

N, L Ne

atiles s (o U geal Y

17
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Lo

ot — .\
L Z b\/ "JD Refracts away from the normal then toward it
N\_/’\/ Al iyl o alilal) 3 gand) (8 Iirise i
N2 N >3\ n Refracts away from the normal then away from it
qJ )2 v 4 » - - ”
- 2> O dia L g 5 aliall 3 gaadl oo L i
b6 & 2 i8a july ol ol sﬂ-‘uf-wwﬁu
“o00 Refracts toward the normal then toward it
A=at “ s Ada |ariaa puSl o allal) 3 gand) o8 L ika puSy
o d
= ‘,!5\0’ JQ,}” Refracts towar i
B 7
Based on the following table: In which A el e q;i g! 1Al Jgaad) ‘_,Jc Jalaic )
of the following cases cannot total f il ALl GulSa i) Ssaag o) @
; : 5
internal reflection occur? n\N,\> N\
_ % Jsbuaal) zla 3l ) puball (54
s s oy From diamond to polished glass
Vacuum 1.00 g
w 1.0003" Joa gl M slall (e
From water to vacuum
Water 133 !
Ethanol 136 Jotey! / e sgdl ) 5558 e
Float glass 152 ol glo 3 \ From quartz to air
— = " 3l g5 ) i On
Flint glass 162 el tle ) From ethanol to flint glass
9.k &bt
8
What is the physical phenomenon that ity @ Sad Al 4l 38 3 AUl L
occurs in optical fibers? ay pall
Il AST) alSady) aliial) & (pulSadd) aliiiall (pulSaiy o gt/
total internal reflection [-Diffuse reflection | Specular reflection | Diffraction
alile s mlla e U geadd Y 18 Al 58 L gha LG

6

What happens to the refracted
beam when light passes through air
to glass and then back to air?

n,qlass > Ngir

¢ godall JUE die puShall & ladll Siaay 1ila
Cl;.‘)]'l O oalal f‘i sckAJ:‘II ;T‘! G‘)S_H e
s Al B el )

n || * > n

Tl
=)

el ga

ada by siia sl A alial) 3 gard) 0 Jariie sy

Page 18cluanll 5 HlLuSiYI
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You notice that when a light ray enters a
certain liquid from water, it is bent
toward the normal, but when it enters
the same liquid from float glass, it is
bent away from the normal. What can
you conclude about the liquid’s index of
refraction?

Al e Jila ) slall Ga g g JUEH die
@;3&113&&;0&1?@14}&!3&,&
33l G iy AT Ao L Y £330
Sl Jalaa G Aaliiad () (S L_g:ﬁ'l La ,PL—M.“

$ Jilad)

&

“slﬁ< Y\A%L»

F¥

Y\s\bz

Yo >0 S
“/?"’4 N 7)’\?)

10

Is there a critical angle for light traveling
from glass to water? From water to glass?
Explain your answer.

Nyarer = 1.33 ,Ngpaes = 1.52

gl e Jiilall ¢ guall dn a Ayl 2255 S
i) 73 Sla ) ) £l 3 a Sl
water = 1.33 yNglass = 1.52

J

BW)

A A 7z oo <
Wlo) SN b

11

If you were to use quartz and float glass
to make an optical fiber, which would you
use for the cladding layer? Why?

Nguartez = 1.54 » Nglass = 1.52

Jshuaall zla 3l g 351 o8I addiadies S 3|
dida Jaad A Lagia L8 ) yeas cilli dcls

)alal g (alzll

[

Nguartez = 1.54 rng!qss = 1.52

YA A
()5 B

AN
\
NoT LS delasd

alile s mllua o U geudi Y 19
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In what direction would you have to
be looking to see a rainbow on a rainy
late afternoon? Explain

N\ AP Y|
\-: L ] W ¥

wﬁ%;uofow){ﬁoi ._.."-)-"‘c_si'u-i
8 gl (3 JALa By (25 puhae Aol
lidla) b

@;ay}vfé_f—)\

S

13
The critical angle for a special glass in air | ¢)s¢d) (@ zla £ 68 Y 4 al) 4l 30 A
is 41.0°. 41.0°
What is the critical angle if the glass is o2 1ugaka zla 3l S 1) da jad) A gl 31 ldka La
immersed in water? a\\ (e Telall
[} ﬂ >\ﬁ ' _ - N~ S‘"'
S‘nec’ TN, o S\Y\GC’ V\\Z}\?}
[ L\ /.33 .2
S‘V\Q'HJ s Oc= a\n <m>: \
“ = \ r 52’ 14

A light ray enters a block of float glass
(n=1.52), as illustrated in Figure. Use a
ray diagram to trace the path of

the ray until it leaves the glass.

Jsiuanl) ZlaJl Ga dakid 8 g plad JA
JSl 2 age g WS (0=1.52)
gldd) jleca il Luwlia dadi) Jaladia addid

gladl £ Ay

Ny sine =N, 5iIN0 L 5P
28028 Y _ 5’

vles
o, = sic' (152

W\, 8n0, = N, 2n B,

B,.sin (n\sm@. ]
N
B, - sin ( \ X 5‘“4'5):2
|-52

\
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How does the size of the critical angle
change as the index of refraction of the

medium the ray is traveling into increases?

2330 LIS A o) &5 9030 (uld S o 2433 Ja
TElA) A JE oA Jaw gl L) Jalaa

PR
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The adjacent figure shows a ray of light
passing through a transparent medium.
If the refractive index of air is (n=1.0)
Calculate the refractive index of the
transparent medium?

by po ja e gua pladi ) glaal) JSE ua g
Al

(0=1.0) #1564 JusS) Jalaa S 13}

SGLAAN Baca 1 jLusSll Jalaa el

1.31

081 | ) 1.69 | 1.91
: Air . ﬂz
: AT Y S‘n ec, - “ |
, \
n9o =
Oc ooy = M
l.-,.l\hl::;“:'l:-l"uln Y\L - \ . ?)l

Air

N Sin (g9) -\ sin
-/ A} N O

(9e)
17

Which path of the light ray PQ is correct
in the figure below when it travels from

sLia) JSi) gﬁ PQ gladll maa jlua (51
To) 5l ) slall (e JAS Ladic
—_— ~N

water to air? N\ na-3>
POT | POU | POV PQW
" [ —'\ \
" Air (n=1) @C: s X
elsh
v o V]
Wateri:=1.33j @Q - L\' 8_ 8
i o - '
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Consider the following natural phenomena:

) Lnlal) ) gl b S

(1) Ground heating oA (i (1)
(2) Total internal reflection of light (A pall S AR ulsai) (2)
(3) Refraction of light LAl sl (3)
(4) Diffraction of light X 5 3l d5sa (4)
Due to which of these phenomena is a mirage A oAl ol ya L_gi b
formed?
P—— 4
I\ " D 1,4
““\\ 2,3.4
2,3
19 P
Which of the phenomena below is not Sl ol (pa 983 wﬂﬂ o)
p ; g ’ 5 , ) o
involved in the formation of mirages? l/ua I el gl e X
A. heating of air near the ground /
ey
B. Huygens’ wavelets Sl ol
C. reflection X oullaN).C
D. refraction L &N D
((\-J'?)) <;’\l c"li{:]
</
aSiles lla (ya U gouls Y 22 Al 58 b ghad 38

Page 22 uazll g LSV




