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Part 1: Learning Outcomes 1-6 - Refraction of Light

Al alo

A a1 Al iUl IS b gyl

% EL MAHDY ACADEMY

ifferent mediums and represent that in a ray diagram.

oy that during refraction, the wavelength and speed of light (or a wave) change

Mency remains the same.

a IV e faladll 230 Reference in the Student Book (English Version)
g 1 Learning Outcome/Performance Criteria ** Example/Exercise Page.
all LA/ Y Aaia

1 Describe refraction of light (or a wave) as it crosses the boundary between two Student Book 90

Frpures (18.19)

Student Book

representation (n=) <

lies along the boundary of the two mediums.

Define the critical angle as the angle of incidence at which the refracted light ray

3 | State and apply Snell's law of refraction. Example (4) 92
Practice Prob- [30-32-33} | 92
Calculate the refractive index of a medium using a suitable mathematical student Book 93

Check Your Prog . (38)

Student Book
Figures (21) | 94

kpplr the cnncents of refraction, critical angle, and total internal reflection to

Student Book
92-94
Check YourProg . (35,3?.39."1"1? 96

PHYSICS Inspire
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Jois Al

Air-Glass Air-Diamond  Figure 18 Light refracts as it crosses a
boundary. The amount of refraction depends on

the properties of the mediums. (Angles are not
to scale.)

Air ir] Diamond

2 wor a1 ARl

e EL MAHDY ACADEMY
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PHYSICS Inspire

A ray of light traveling from air into

several mediums. Rank the mediums
according to index of refraction from
greatest to least.

530 ) £ sl Ga JL i g ol JSO) Jias
23SV e Sy Jalaad Wb Jolas g3 i Jalaa g
Al )

SEP5Y EL MAHDY ACADEMY
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Another Exp.
{ gg 95N b

K. ook fiang,

‘Study the following figures and answer:

= Glass o
=7 (n=1 5 s

w36 LR

22 EL MAHDY ACADEMY.

MAHDY ACADEM

Which of these figures represents the falling of a light ray from a liquid having
the following refractive indices?

(a) 1.5 (b) 1.3 (¢) 1.6

+ ey TS s il
TS eyl Jalan il | 15 nplaail falaa Bilis e dgs Pl Jagli 1)
TS sl Jolos gl I 1.3 gy lanil alna Jilis (jm i plach gl (1)
TS aplaasll el o1 16 Ll Lalan Biliw oo il flad Jmgiion ()
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Fi 19 p.91

Figure 19 When light travels

ny sin 8 = ny sin 8 from air through glass and back

<ny

S0 i,
>SNfy==-
S0

lo air, it refracts loward and then
away from the normal
> n,
50
sin 8, < sin &,
50
8'<ay

8 =0
8, =0,

& EL MAHDY ACADEMY
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Another Exmp
In the figure, a light ray is refracted as it passes from the air into the

glass and then exits from the glass back into the air. Which of the

following is true?

6,=6, ®
s =40
R ({ETEE- W) J5:61(@

EL MAHDY ACADEMY

EL MAHDY ACADEMY Air Glass  Air 8, =0, ©

17. Which of the following figures represents the reflection of light in a rectangular glass block? Give a reason.

e i

THATE EL MAHDY ACADEMY
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Another Exmp

A light ray is incident from air on one of the sides of a glass cuboid and came out from

the opposite side to air with an angle of refraction 50°. If the refractive index of glass

1S 1.53, 80 «ooveeeeeienn o

40°
40°
50°
50°

=)
‘ The angle of incidence in air | The angle of refraction inside the cuboid

30°
45°
30°
45°

From the figure opposite:
The value of angle (x)

I egual to

30 (1)
c) 48.5

SN aMlape y9335
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The opposite figure shows a light ray travelling from air into  +
oil then into water. If the absolute refractive index of oil is |.48

and of water is 1.33, then the angles ¢ , 0 are ............ , .c.o........ :

- q) |

a 41.6°

b) | 41.6°
C 47.73°

d 47.73°

\

il ddia

3261 Al

T%% EL MAHDY ACADEMY
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ldentity that during refraction, the wavelength and speed of light (or a wave) change i Student Book
| but frequency remains the same.

What happens to the speed and frequency of a light ray when it passes from air into
water?

Teladl A o) gl (o J0L Ladie ¢ gl plad 33 59 A8 pead Sidas 13la

The speed decreases and the frequency increases 23 10 213 3 de judll s

The speed decreases and the frequency remains the same — <ul Lau 2 jill g dc jull ais s
The speed increases and the frequency increases 23 yill oy 3a 5 Ac pudl ol 3

The speed increases and the frequency remains the sam Sl A 208l ydc pudl ala 3

Dk 0
o .,q:lfﬁ;ﬁgm'l

GNEW £ MAHDY ACADEMY
‘ Be careful... the frequency and period constant are related to the source.

okl Ay

“

Wﬁl‘im \f 1) Speed and wavelength are related to the properties of the medium.

. SN aMlape y9335
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Light passes into a glass block. Which is the angle of refraction?
L Ayl A L AT s s sl s

i 130 %ﬁ
1o ¢ aDall

MAHDY ACADEMY
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}1\ I{ \“

= Table 2 Indices of Refraction for
Yellow Light (A = 589 nm

in a vacuum) I’

b \ In the following problems, use the constants found in the table for the

refractive indices.

Vacuum ‘ 1.00
' Air 1,0003*
Water _ 133
Ethanol | 136
Float glass 152
Quartz | 1.54
Flint glass 1.62
| Diamond 242
*The value given for air contains additional significant SPEEd of llght in air or vacuum

figures to distinguish it from that for a vacuum, Use c ’
value of n = 1.00 for air in problems in this text. |

9 e C=3X10° m/s

MAHDY ACADEMY

Syl wilalan J Josadl b 839390l culgill pasiwl dgtil Jibuall b
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EXAMPLE Problem 4 Exp. 4 p.92

ANGLE OF REFRACTION A beam of light in air hits a sheet of float glass at an angle of 30.0°,
What is the angle of refraction of the light ray?

. A light beam in air hits a sheet of crown glass at an angle of 30.0°. At what angle is the
light beam refracted?

g gudll Pladi WS jualil Al g3 e 30.00.4091 5 AU A 8! A8 51 agll A 5 gud pladi Dals

O P
60 -.~.f-“3. EL MAHDY ACADEMY
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Practice prob. 30, 32 , 33p.92

30. A laser beam in air enters ethanol at an angle
of incidence of 37.0°. What is the angle of
refraction?

A laser beam in air is incident upon ethanol at an angle of incidence of 37.0°. What is the
OYACADENY | angle of refraction?

¢ JaaSiV) Aa gl ) La 37,00 W lake Ja ghs da gl 3 J ) Ao £ pgd! (A 0l plad bk
26.2°

B 20
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32. Light in air enters a diamond facet at 45.0°. What
is the angle of refraction?

Light in air is incident upon a piece of crown glass at an angle of incidence of 45.0°.
What is the angle of refraction?

¢ SOV 4390 A La 45,00, )ik b s Aa gl 3 gl 2l 5 (0 Aakad Ll o) gl B ¢ gl Dy
45° B 26.2°

2L D 19.2°

u.#‘
33T ¢ a Dol
MAHDY ACADEMY
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33. A block of unknown material is submerged in
water. Light in the water enters the block at an
angle of incidence of 31°. The angle of refraction
of the light in the block is 27°. What is the index
of refraction of the material of the block?

A block of unknown material is submerged in water. Light in the water is incident on

the block at an angle of incidence of 31°. The angle of refraction of the light in the block
is 27° What is the index of refraction of the material of the block?

JheaSl A ), 310 WA laka Jo gl 4y g) 3a ALK o plall (e ¢ gud i plall 85 ) gaia Al ggana Bala (e ALS
ALl Bala JLuSil Jalaa La 270 A ALSH 8 ¢ gl

1.33

MAHDY ACADEMY
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Check your progress 38 p 96

38. Speed of Light What is the speed of light in
chloroform (n = 1.51)?

C‘

e

;u'iu.u.n.n
_w-f?-:. L MAHDY ACADEMY

EGet 1t?

Describe the relationship between the index of
refraction and the speed of light in a medium.

sing, Vi A4 n,

sin 62 Vz B AZ B n4

. SN aMlape y9335
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Critical angle

Refracted

Critical ray

ray

At an angle of incidence less than the A ray refracted along the boundary of the An angle of incidence greater than the

critical angle, light is partially refracted medium forms the critical angle. c"f'“”‘ angle ’_‘-"5'-;“5 = ““i" ‘T*‘E‘r":’
and partially reflected. reflection, which follows the law o

reflection.

Figure 21 Refraction and reflection of light traveling between mediums depend on the angle of incidence 8..
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Check your progress 36, 37 , 39, 40,41 p 96

36. Index of Refraction A ray of light in air has an
angle of incidence of 30.0° on a block of
unknown material and an angle of refraction of

20.0°, as shown in Figure 26. What is the index
of refraction of the material?

MAHDY ACADEMY
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,13'_,11 293530 22 380

. Angle of Refraction A beam of light passes

from water into polyethylene (n = 1.50).
If 6, = 57.5°, what is the angle of refraction
in the polyethylene?

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




B3Ny B33 15340 g 30K

40. Total Internal Reflection Would you use quartz
or float glass for the cladding of an optical fiber?
Explain your answer.

-}E'ﬁ 41. Speed of Light Could an index of refraction ever

B e be less than 1? What would this imply about the
speed of light in that medium?




44. Light travels from the tray glass to the ethanol. The angle of
refraction in the ethanol is 25.0°. What is the angle of incidence in

the glass? It o el o sp) Jizy 44
A byl &y L 2507 Jubul 3 ALY 4yfj gl
*EL"JJI

MAHDY ACADEMY
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46. A beam of light strikes the flat glass of one side of a water-filled
fish tank at an angle of 40.00° with respect to the normal. The
refractive index of the glass is n = 1.50.

What is the angle of refraction of the light beam in the glass?

What is the angle of refraction of the light beam in the water?
s g tloj e Sy plad daasy, 46
il 40.0" Lajad dghys L splas 2ls g g
N =150 gle ) e8! Jalae o Lle pladl sgadll J)
!:L,.j_u‘;. grall gladl Sl iyl Lo 8
Ll B gl plasdl LSl iyl LD

MAHDY ACADEMY
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47. A beam of light travels from air to a liquid, as shown in Figure
30. The beam strikes the liquid at an angle of 30.00° and is refracted
at an angle of 22.00°. Using Snell's Law, calculate the refractive index
of the liquid. Compare the refractive index you calculated with the
refractive indices in Table 1. What type of liquid could it be?

A ope g LS . Blo JI gyl e ap gla Juzy 4
byl p Sl e cpal) flad dany oo 30 JS2J
Ja o9l plasiil 22.0° gyl dyly aSyy 30.0°
i) JLaSY) Jolas )0 BLAl) LS Jolae oo
,s.u e 1 Jgaad) 3 daga gl LaS¥) S ialasy o
) | LR
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48. The aquarium uses a thick sheet of plastic.

n=1.50 making an aquarium, if light reflects off a fish in the
water and strikes the plastic sheet at an angle of incidence of
35., what is the angle at which it will emerge?

Lo ) e e 7y pasil) Sl o9 .48
e epd paSl BB .l ags g 4.0 = 1500
Gglp 2l 1yl e dady (L) 2 59000 ASen
Wged 5 A B9l Jlans L3 .35.0° Loy

ey
=
=,

iy ’
it = =]
e

i R PTNT

N o EL MAHDY ACADEMY

guSall guglg cloall I (ko) 3o Jio JuusSil Jolas J51 ] juussi] Jolas ST o daall dgglil ... el s

Be careful... the critical angle is from the highest refractive index to the lowest refractive
.index, such as from (water) to air, and not the other way around

. SN aMlape y9335
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Speed of light. What 1s the speed of
light in chloroform?

(n=151)

PRTCPPILUE T PR INEN [ PREE T ICQPL IpYor ¥ PRSI,
¢n =151

3X 108 clyell 3 e gl i pu ol Lile

Cc=3x10° m/s

50. The refractive index of polished glass is
1.53 for violet light and 1.51 for red light.
What is the speed of violet light in polished
glass? What is the speed of red light in
polished glass?

gl igall Jyrad ple ) AS) Jalas gyl 50
ga_-—-l-.,ﬂ speind! i s Lo 151 ,..:-:ﬂ sk § 153
to ) B eV gl i Loy Ssaad! gl
EJ PN |
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55. Speed of light in clear plastic 1.90 Blatdl ela W) 8 egaal) i o 55
x 10° m/s A light ray strikes the plastic R ps (pls FURcls kg il ’ mes
at an angle of 22.00. What is the angle ek il gl ke L SLN guelecs sl
of refraction of the ray?

95. Find the speed of light in antimony SOTORC (WIS T PPN | [ PR
trioxide if its refractive index is 2.35 235 ol oLl Jalas oIS 15}

SRS £L MAHDY ACADEMY
What is the refractive index of diamond? L L

124 C 00422 A
242 D 0413 B

. S0 alsse 19335

1.24 2.42

0.0422 0.413
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Find the error in this figure

S Find the error in the figure.

TL{K - M

HEE EL MAHDY ACADEMY Location of critical anglﬂgg)
No refraction of ray 1

Transmission of rays from water to air ©

Refraction of ray 3 paralle! to the surface @




10. Critical Angle: Is there a critical angle
for light traveling from glass to water? Or
from water to glass? Explain your answer.

the ) o Jasdl opiall da o gl s Ja da el gyl 10
ake) gl frle U NGl G WL )

S EL MAHDY ACADEMY

11. Total Internal Reflection: If you were to use

quartz and polished glass to make optical
fibers, which would you choose for the coating

layer? Why?

the Ay 5 pasii 28 1) S I S N
ke Joa) i L G0 4 DU dalad Jpaad!
LTI AT
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Three rays of light are incident on the boundary between a glass block and air. The
¢ | angles of incidence are different.What is the possible critical angle for light in the
glass?

da ol -Ln_,’l_,lll.‘ un...h,uim,,u ;1J¢J|_,ouu.s O Jualdll hllubuﬁmimm

Glass [

L MAHDY ACADEMY
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The critical angle for a special glass in air | #s¢)) (3 gl £ 2 da all 43130 AL
| is 41.0°. 41.0°
| What is the critical angle if the glass is o2 1 osaka a3 S 1) Ao al) &g g0 1) 1ok La
immersed in water? Telall
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94. The critical angle of light passing from a tlr o B a Jazy epad da ol gyl 11594
pan of polished glass to another medium is dacopl) Aail Jolae Lo 45.0 f:;fm:
45.00. What is the refractive index of the | ' v

medium into which the light travels?

S

T4 e N ]
MAHDY ACADEMY
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8. What is the critical angle of total internal

reflection when light travels from glass (n =
1.52) to water (n = 1.33)?

48.8° 61.0°

29.0° 41.2°

Jazy bease S Lell) S0 s o) 4yl L L8
tn =133 . (0 =152) o) e epadt

488° C 290° A
610* D 412° B




(038300 yistadl huall 193530 22.2L)280

\\ A ray of light traveling from air into 335 J) ¢ ggd) Oa JEih L g o ladh JSG) S
o @

i st!_w H 2
(€= several mediums. Rank the mediums gy - | ks o 1 i
LY P _ according to index of refraction from SERL O iy R 3 5y s

greatest to least. A )

@

il i

g
)
T e _-lm !m‘
HRAEE EL MAHDY ACADEMY
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As the refractive index of the g guall A4Sy 18 LS Jalaa 313 LalS
medium increases, the speed of light:
ala x
A. increases Jas
B. decreases I FEPLI
C. remains constant — a3 Al pads ko 5

D. is related to the change in frequency . el et

" From the figure opposite Which line represents the refracted
qodal|

\m ?" light ray? Explain your answer.
g
o231 Q! : L JSA 0
EL MAHDY ACADEMY _i § juuSall Sgedll plasll Jias bad s
N\ ehla] Jalas pe

SN aMlape y9335



Vhat is the critical angle of a light beam passed from a medium (n=1.8) to a medium (n=1.4)?

‘n=1.4)) bus Jn=1.8) )lous e Jiiy Seapladlia jall 4yl 5l L

el dida

]
33 :gﬁ.ﬂ

25 £l MAHDY ACADEMY

SLE’ E 309"




Agand) (o Wniia plly | 2yendl s iy
Refracted far away the normal 23K ¢ Refracted to the normal

Tl Lles = 5 . - uﬂf\-"
It emerges tangent to the surface Total internal reflection
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23 531 9 £ gaal) A8 poad Sidans 13ka cplall ) £ 9l (e £ gl L Ladic
When light travels from air to water, what happens to the speed of light and the
frequency?

313 3 LaaS\S Jau Laadls
both increase both decrease
3033 33 54 g ALl As ) Cull 33 51 g Ji5 As )

The speed is constant and the frequency | The speed decreases and the frequency
increases. is constant

T
STASE EL MAHDY ACADEMY




B33 15540 g 30K

T sall Johll SGaas 13l celall ) ) ggd) (a ¢ gudal) JEGL Ladic

When light travels from air to water, what happens to the wavelength?

sadad (Sa ¥ 3332 s S
Undeterminable Increases Constant Decreases

2261 wxDutt
u agedémht beam falls perpendicular to a G Jealill mlacdl e L gae S gt plad Lol

surface that separates two transparent
p p Logg JalSil  Lalaes cpiliie gl cylues

mediums; their refractive indices differ.
(ﬂr > l"lt') NavEN

el AN ey ) ageall 5 Al 03a 3

$(O) SNy (6;) Bsiudl )5 e A3

Assume (n, > n;)

In this case, which of the following formulas
describes the relationship between incidence
and refraction angles (8;) and (6,) ?

6; <0, 6; > 0,
6; =6, = 0.0 6; = 6, = 90.0°

. SN aMlape y9335
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"The adjacent figure shows a ray of light by & Juspa Elad | slaall JSl) s g
passing through a transparent medium. ik
If the refractive index of air is (n=1.0) -
Calculate the refractive index of the (n=1.0) &) 5¢3) Sl Jalaa OlS 13)

transparent medium? Cealild) Jacs o) LSS Jalaa caal
'1.00 1.33 . 1.33

©

ki

Air (n=1) | E ]
s sEih werali AR

TS EL MAHDY ACADEMY

4a°

Transparent medium
bl s g
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il

Jg.'ii'ﬂl &nn@}!ﬂi

A light beam moves from air to another

medium as shown in the figure.

Using the following table, what type of

medium is used?

3a LS Al g ) ¢l sgdl (a g g plad Jaii
S A g g
Tadiiucall Jai gl £ 5 La ¢ A J gaad) Al

e
H.‘llﬂ ¢ aBall

STATY £I MAHDY ACADEMY

Jaia ol
Medium

J
J W
Ethanol

‘_).ul.n.“

Diamond

SV Jalae
Index of refraction

1.36

2.42




presm—— 8ydaN 19393 g Lo

A light beam moves from air to another A LS Al hag ) gl ggd) (a6 g plad Jail
medium as shown in the figure. S A g g
Using the following table, what type of Cpaiiocal) Jacu gl £ g La ¢ A J gaad) sl
medium is used?

SLRTE | MAHDY ACADEMY

‘L""'.,“ J:i Jl ’S.“ )..L..‘.I
Medium Ethanol Quartz Diamond
DS Jalaa
Index of refraction 1.36 1.54 2.42
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B33l

Jg.'ii'ﬂl &nn@}!ﬂi

A ray of light passes through a window.
Which path does it take?

sdiliall JSE) 8
Teldd) dfliw g s gi

ar glass

Which medium, A or B, in Figure has a

larger index of refraction? Explain.

Jalaa 41 JS&) (AB SIA Obana sl G g
QU3 g g € Si )
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What happens to the refracted ¢ goall Ji die juSiall g lalll Caaay 130

beam when light passes through air gl M e odlii 3 ozl 0 el gl (e

to glass and then back to air? €5 a3 e el ggdl I
>n,

J

h—t-

dda Ly e jualy o5 aliall -"J-‘-" 05 |adia ey

Refracts away from the normal then toward it
dla lalian puaSls ol plial) S gan) O8I0 Sy

Refracts away from the normal then away from it
e e e ol alial) 3 gand) 0 L jia ey

Refracts toward the normal then toward it

EL MAHDY ACADEMY u“-‘@‘&‘“ﬁﬁﬂ“‘ Lead) CF G iha iy
Refracts toward the normal then away from it

ng!ass > Ngijr

b ] -
e EL MAHDY ACADEMY

Is there a critical angle for light traveling g Oa Jidiall ¢ guall da o dug) ) da 65 Ja

from glass to water? From water to glass? ida) 7 d) Szl ) slall (e ol Selall )

Explain your answer. Nyarer = 1.33 ,Nyiaes = 1.52
Nyater = 1.33 ,Ngjp5s = 1.52

. SN aMlape y9335
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3915.13[ &nn@m

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

sLidl JS& & PQ pladll puaua s 5
ol ol ) slall Ga S Ladie

POU

POV POW

i disn

ot w2261 AR

HEETE EL MAHDY ACADEMY

Kl o '
23061
EL MAHDY ACADEMY

SN aMlape y9335
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Based on the following table: In which | 4l Gl G 6 A 1 Al Jgaad) o e
of the following cases cannot total Tl S el Sdas ) (Sau Y
internal reflection occur?

Jsiaall zla ) ) paall (e
o= ' b y)! From diamond to polished glass
Vacuum —
= . | g1all A elall e
From water to vacuum

Water

Etacol | 13 () 59 oa
| From quartz to air

el gl ) J )

From ethanol to flint glass
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2 MAHDY ACADEMY

,13'_,11 293530 22 380

(n=)sldl A (n=1.52 )zlal (e ¢ sl JE Ladic A S adSaidU Aa jad) Aag) 3 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)?

48.8" 29.0° 61.0° 41.2°

What happens to a light ray when it plall (e Jaley Ladie i gual) £ladll Siday 130
travels from water (n=1.33) into air ¢ 50°hgiudig s (n=1) £)s¢d ) (n=1.33)
(n=1) at an angle of incidence of 50°?
1 A alSad) uSaly gl L 31 3o e
total internal reflection. refracts parallel to the surface
(50°) CaS) g o) ggd) (2 Sy (50°%) & S8 dug) o) g 8 S
refracts in air at an angle greater than | refracts in air at an angle less than (50%)

(50%).
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Jg.'ii'ﬂl &nn@}!ﬂi

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

£1.9¢) a e Ladis (i gudal) glacill ey |3ka
¢ 50°biudgn (n=1.33) W J) (n=1)

RN S SASal) uSads

total internal reflection.

gaeall L) ga ey

refracts parallel to the surface

(50°) 0 Augh s ) g4l (2 sy
refracts in air at an angle greater than

(50%).

(50°) o B Aag) s 61 5d) (A

refracts in air at an angle less than (50°)
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Three rays of light are incident on the boundary between a glass block and air. The
\ | angles of incidence are different.What is the possible critical angle for light in the
| glass?

da_all dagl 3l La dﬂuhﬁud‘l L) ;1,9134.;&.-.‘,4.5‘_3..4@.:11 dall e A gl dad) 230 hius
: Chﬁl@ﬁyﬂwl

Gilnss
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The critical angle for light traveling from a given medium to air is 38°. If light is
traveling from another medium with a greater index of refraction to air, the critical
angle is

Sl Jalna 53 AT Jaag (a8 gudall JESI 13}, 38° A £l g¢d! A Oima g (¢ pulall JUESY Ao el 4 g1 30
oA daadl 4915 O cp ) ggdl (M S

Geater than 38° Less than 38°

Equal to 38° Less or equal 38°
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Our optical media have indices of refraction of 1.40, 1.50, 1.60, and 1.70, respectively.
The medium that has the largest critical angle is the one whose index of refraction is

dan iy Sl A g Mgl Ae 1,705 ¢1.60 <1.50 <1.40 JluSl Gl piipa Liudl &y gl Jaibea gl
b Sl pi9a (1983 (s Al gl 9

*

i
w231 € A D!

EL MAHDY ACADEMY
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12- Based on the adjacent
figure, what is the refractive
Index of the material?

= 24 1.3

"= 1.6 1.7

£ Bl el Jalaa Lo ¢ glgall JSBN o lake! ~12

24 0
13 O
1.6 0O
1.7 O

MAHDY ACADEMY




(033500 yistadl caaol

~ Whenlight travels from a transparent medium with a smaller refractive index to a transparent medium
\with alargerrefractive index, the light...

: - -_ el %}

LAt ) 'y : ! {4 g ol [2e "
5 ) travels towards the normal to the surface Gl b s o ol i g g i i
| oty Sl ofuil el

travels away from the normal to the surface

bl Je il gasll 0 Gy iy ()
travels along the normal to the surface dﬁ_ % M Jﬂ,"n"«w'u:hwm

EEETY EL MAHDY ACADEMY

isreflected along the normal to the surface 2 e il sl Je o iy ©)

I bl e il el e idis sy 0

—
PR ({ KT R~ W]

EL MAHDY ACADEMY
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' \\When light travels from a vacuum to a transparent medium, then...

‘. }9_,5;]{ its wavelength increases

09 Gl b ] lyall 0 egud Ll wic
its wavelength decreases ‘ Jo NPS"" dgb L) SPP" dsb @

its frequency increases ﬁ:ﬂ't VAU 033y @ AVJTERNY @

MAHDY ACADEMY

its frequency decreases

When a light ray is incident at an acute angle from a medium of refractive index 1.2 onto

’ the surface of another medium of refractive index 1.5, then ............. .
F‘J"

\
g1 ’ The speed of light The ray gets refracted

= | 1 1
W‘ ’ Increases toward the normal line ‘
b 22351 ‘-—"' a . ‘ decreases toward the normal line
EL MAHDY ACADEN : :

s ‘-I!JK [ %M
4% EL MAHDY ACADEMY
decreases away from the normal line

increases away from the normal line
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Figure (1) represents the incidence of

a light ray in air onto the boundary surface : Air 60°,

of medium (1), if medium (1) is changed ©)
/ b 0 I
with another medium (2 as shown in ' 35°
L v + v
| 2

figure (2), then ............. .

Figure (2)

. A
The relation between the refractive =~ The relation between the speeds of
indices of the two media | light in the two media

IIID’I'IE v ':3-\.’2

e Al el -
“ ® | >0, O e vV <V,
w:‘ﬁ ‘!m&“ ~ n, <n, B X e oot V>V,
EL MAHDY ACADEMY ‘ 1

I'II*"“iil‘l2 ‘.’]{‘H"z
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When a light ray is incident from air on water surface at an angle of incidence 60°,

the angle of refraction will be «--vee

a ) greater than 60° b less than 60° ¢ equal to 60° d equal to 0°

From the opposite figure, the values of the angle of reflection

and the angle of refraction are ............. , ... n,=1.58

< -\-1 l'l3=l..?.2

v

The angle of reflection } The angle of refraction
38° 68.38°
cC ®

52.88° oo Semjase  38°
b 1 . R f$3?5 E{!"ﬁig' e
C | 28 *38° poxatorg MAHDY ACADEMY 380

éﬁ‘%" (@ 38° 52 88° )
w_.‘llﬁ \_f-l-ﬂo"

EL MAHDY ACADEMY
WEE _enanre

Yo
3 1?.4
".‘_

el

-
3237 ¢ aDall

SERSE EL MAHDY ACADEMY




‘gb_psl;d\\g 2 Alight ray is incident from air on the surface of a glass slab at an angle of 52°.
i smee yo333

If the ray is deviated by an angle of 19°, the refractive index of glass is ............ .
a:0.83 b) 1.33 c 145 d’ 1.65

 @spalaMisse

_’ﬂ-’
326 @ aDal!
MAHDY ACADEMY

@

T
‘%‘
w0231 €A

EL MAHDY ACADEMY
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Identify the principal axis, the focal points, and the focal length of a convex or a
concave lens.

Convex Lens (x_ > 2f)
Vertical axis

Ray 1
»> Principal axis
Ray 2

F Image 2F

Figure 28 An object placed at a distance greater than twice the
focal length from the lens will produce an image that is real,
reduced in size, and inverted.

Student Book
Frgures {28), (31)

Concave Lens

Ray 1
g

—
Ray 2

-

Virtual

image
—

Figure 31 An object placed any distance from a concave lens will
always produce an image that is virtual and reduced.
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EXAMPLE Problem 5

AN IMAGE FORMED BY A CONVEX LENS An object is placed 32.0 cm from a convex lens
that has a focal length of 8.0 cm.

a. Where is the image?
b. If the object is 3.0 cm high, how tall is the image?
c. What is the crientation of the image?

Object  Ray!

PHYSICS Inspire

1 ANALYZE AND SKETCH THE PROBLEM
« Sketch the situation, locating the object and the lens.
= Draw the two principal rays.

Known Unknown

x,=320cm x =7
h,=3.0cm h=?
f=80cm

2 SOLVE FOR THE IMAGE POSITION AND HEIGHT
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Practice Prob. {43.44,45) | 101

43. A 2.25-cm-tall objectis 8.5 cm to the left of a
convex lens whose focal length is 5.5 ¢cm. Find
the image position and height.

44. An object near a convex lens produces a
1.8-cm-tall real image that is 10.4 cm from the
lens and inverted. If the focal length of the
lens is 6.8 cm, what are the object position
and height?

45. An object is placed to the left of a convex lens
with a 25-mm focal length so that its image is
the same size as the object. What are the image
and object positions?




G 10 inspire

46. Calculate the image position and height of a
2.0-cm-tall object located 25 c¢cm from a convex
lens with a focal length of 5.0 cm. What is the
orientation of the image?

- Practice Prob (47)
47. Use a scale ray diagram to find the image

position of an object that is 30 cm to the left of a

convex lens with a 10-cm focal length.

PHYSICS Inspire
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BYISON , Check Your Prog. (51,55,56 106 i~

G 10 inspire

51. Image Position and Height An object is

placed 1.5 m from a convex lens with a focal 55. Image Position and Height A 6.0-cm-tall

length of 1.0 m. Use the thin lens equation to object is placed 5.0 cm from a convex lens
determine the distance of the image from the with a focal length of 4.0 cm. Draw a ray

lens. If the object height is 2.0 m, what is the diagram to determine the image location and
image height? Is the image real or virtual? Is size. Confirm your results using the thin lens

i ?
the image inverted or upright? equation and the magnification equation.
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56. Divergin alt shaker is

viewed through a diverging lens with a focal
length of 5.0 cm.

If the shaker is 6.0 cm from the lens, what
is the image distance from the lens? Is the
image virtual or real?

What is the magnification? Is the image
smaller or larger than the object?

The salt shaker is now 4 cm from the lens.
What is the distance of the image from the
lens? The magnification? Is the image now
smaller or larger than the object?

PHYSICS Inspire

A e Adl) B (6.5 cm) Wl sh slads dala
(5.0 cm) g 2 bl Al i e

SA(6.0 cm) S o dadladl SUL 0 (a
Tlsdall Sn B gl s o L il
Tadda ol LILG S gl Ja

O 81l sl B petll A T el e s (b
¥l

bl Ha (4 om) & B GY) dadiadl (¢
R ﬁ'l-lﬁ—..lll&li:udimudl
Tpiadl (80 ) el S5 el JA
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A concave lens produces a virtual 5 ks e Ga (18 cm) S o A s gL
image 18 cm from an object located 9 | & L 51 jall 5a (9em) 23 o 40L& 5 50
cm from the lens. What is the 5 pall s
magnification of the image?

0.5 0.5 2.0 -2.0
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An object is placed at a distance in front of | Sludll Ga e o alal 3y o s gl ol
two types of lenses, each with a focal length @ ool g ¢ () Laga JSU (g U5 )
of f(cm). The values are set aside in the Ll Gl Jgaad

table shown. buga e mili cJgdad) 8 G piual) ._,a,_,l
Which of the rows in the table will produce Yl 4l

a virtual image of the object?

ACOWICONE ¢

19 =3 e
2 -5 S U ead

| MAHDY ACADEMY a,b
10

2

a,b,d
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PHYSICS Inspire

A lense forms images of an object. The
distance of the object from the lense is
xo and the distance of the image from
the lense is xi . The given graph shows
the change in the distance of the image
with the distance of the object, Using

the graph
What type of lense is used? What is lc

value of the focal length of the lense? B

LT RPN VN L PR PRTWRLY L F

Aitll G el 3 4 i | e 55 A
o) paal), x; 9 Latal) (8 3 gall sy xg g4
el St a3 geall day 5 San )
) a1 aladddy

o ) dad Ly Tdasideall Al £ o gA L
¢ danll

20cm g3 Wang g e A

Convex lense - focal length of 20 cm

20cm 3 Wiy 5 aka de
Concave lense - focal length of 20 cm

o3l dal S Y 5 Bl e
Concave lense - undetermined focal
length

wE
il
L= 9
'
rm
1w
1
k]
C
L
e
e
e
s
L)
Pl

o) ) 3aad O ¥ g Agdas A
Convex lense - undetermined focal
length

SN aMlape y9335
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An object is placed to the left of a convex lens
with a 25-mm focal length so that its image is
the same size as the object.

What are the image and object positions?

Diagram: /

N
\)
J=25 mm

Object: 25 mm from the lens, Image: 25 mm from the lens

Object: 50 mm from the lens, Image: 50 mm from the lens

Object: ?5 mm from the lens, Image: 25 mm frum the lens

Object: 100 mm from the lens, Image: 50 mm from the lens

PHYSICS Inspire

.inn25g-;34d.uuhummujhuulc?.ma&m3
daaad dglus Bygun 4 cui<ui

S uaall L""“JJ"‘JI.’P-“@JI u.nds S La

% EL MAHDY ACADEMY

——

F

2f

f=25 mm
pa 25 tRaadill 56 Byguall dig ¢ pa 25 Aantill i psndl i o
as 50 :dwaall He 50l ans i pa 50 dcaall He aall say e .
po 25 ssall e Sypeall das s o 75 tiasiall e puali any (@) |

ra 50 Ansall e 55eall sns < a 100 Eeusall 5o puatl ans (@)
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Multiple Choice Questions

p €) What i the orieatation of the imaget gt skt b
o An object is placed 32.0 cm from a convex lens Lass bcss (3 320 €M 28 b psen iy . _
that has a focal length of 8.0 cm, B0 om g b Lasay Q veigw s

¥ Ivmrtest el
a. Where is the image? 5y pandl 5 af3S sl A o
4 - e B Becitber upright noe inverted Loplia Wy idas cond
Q) 6.4 cm 10 the right of the lens Rsiall Cinay Sls 6.4 €M @ Cinmonbe desermin i
© 10.7 cm 10 the right of the lens Lviall (nay Sl 10.7 em o ——
= [Mhjeet distance. 1, = F1iem x, = 300 cm 1-._-.114” L]
G 10.7 em to the left of the lens dvsall Ly s 10.7 cm

& [Focal lengh, f = o f.0 cm jonenes el (ptame A b f = 2RV g el sl
© 6.4.cmiothe left of the lens il Ly s 6.4 cm

o (i bons Wi Maan &

gt

If the object is 3.0 cm high, how tall is
the image?!

hy

o 5 peall Jalo Lab 3.0 €M peenndl Jylo J4S 15

. 0.75 cm
® ossem
G 1.25 cm
® 5

, uq.ﬂ"l ﬂ'.l-ﬂ."
53 EL MAHDY ACADEMY
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A lens forms images of an object. The distance of the object o5 Bygall dsyg X, 98 dwdsll 5 gzl uzs clo e 1 )90 0953 duwus
from the lens is x, and the distance of the image from the lens asy o Bygeall dm 55 s amall Gl pus )l X; 9 Akl
18 x;. The given graph shows the change in the distance of the ' ety - _ I
image with the distance of the object. Using the graph: PRI i “"_“" LL.
What of lens is used? What is the value of the focal | L el
e EER TS SRRt Stal 631 s dasd Log Sdasirtandl) duis £ 30 Lo

adad

[
- Ee.lwl ¥ \
MAHDY ACADEMY

20 cm )54l oasig diowe duwss
Convex lens - focal length of 20 cm

20 cm $)541 Wbusyg §y=ho duwds
o Concave lens - focal length of 20 cm

+
—
8
L 1

L] L] L] 1] T >
3035 40 45 50

Xo () sl 327 $284) w=dl Wasd (S Vg 8y=ie duwds
— T Concave lens - undetermined focal length

X; (cm)é puall s

i
b3
L =]

6841 a=dl waod Say Vg ddowe duds
Convex lens - undetermined focal length

SN aMlape y9335
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cm from the lens. What is the
magnification of the image?

A concave lens produces a virtual B aka A (s (18 cm) s e &b pan gy
image 18 cm from an object located 9 | 88 L 514l S (9om) & 2o 4a 5 sa
5 pall s

PHYSICS Inspire

0.5

2.0

-2.0

MAHDY ACADEMY
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An object near a convex lens produces a 1.8-cm-tall RugSan Lo 3900 e Luvcie o oyl g ) &5sSis
Sod waddl 518 13 dwaadl e 10.4 cm 2ady 1.8 cm Lgdsb

real image that is 10.4 cm from the lens and
inverted. If the focal length of the lens is 6.8 cm,
what are the object position and height?

Which of the following gives the object position and height? Talgh g puuadl amy lass AJE QLS e sl

o Object position = 17.2 cm from the lens dvaall e 17.2cm = gl aay o
Object height = 3.0 ecm : 3.0 cm = puuandl Jobo

Object position = 17.2 em from the lens DY ACADEMY dvdall e 17.2cm = peaaand! say
Object height = 1.8 cm ' L8 cem = puuadl Jolbo

Object position = 10.4 cm from the lens dwiadl e 104 cm = paaadl oy
Object height = 3.0 cm J0cm = peaadl Jobo

Object position = 10.4 em from the lens dwandl e 104 cm = pundl aa;
Object height = 1.8 cm 1.8 cm = pusadl Jabo
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What is the image position for the JSA) (8 Aaa gall Ala) (5 ) guall 2 L
situation shown in the figure below? f A
A: 0.167m B: -6.00m C: 0.833m D: -1.20m
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Which of the following always Wlins b juaa B g0 Lo (980 A3 S gl |
produces an upright reduced image? laila |
Convex lens J plane mirror Concave mirror Convex mirror

Laaal) deall Ggiaaall 154l | GaRallB AN Al

Candle cnnvex Ians

gasa sh LS (5 5l ind (e ST dmy o Apdaa de plal Bpline daadi g oy
Aaatal) (a AV Gailall o de g ga AALE o Bala B e (19S50, pglaall JSAU (A

u L gi?@\ﬂhlﬁmmubwﬁwl@uhm
screen A lit candle is placed in front of a convex lens at a

distance greater than twice its focal length, as shown in
near diagram. A sharp image is formed on a screen
nhserver placed at the opposite side of the lens. Which of the

el following is the correct image on the screen as seen by
an observer?

| u
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Shuandl (o ) 2adl La awiad B ) gua JSGET Araa dude (ALl aw ylf g

The diagram shows a converging lens forming an image of an object.
What is the focal length of the lens?

 dmt s

Cﬂmrxins@ HHE s

>

il

MAHDY ACADEMY
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G 10 inspire 5'31.5&,1

13] L daius (o 0yl Ao § Sl duviadl .20 cm ()34 Buny § 480 dusds Bulslunay dled fpaus Loy
cdadad! (po 24 cm d8lue Je g Al g Aine dladl 5y gue CIE
8 15| duvdad] oo dlaid! day Lo

Hasa nserves an ant with the help of a magnifying lens of focal
length 20 cm. The magnifying lens is held near his eyes. If the image of
the ant is upright and virtual at a distance of 24 cm from the lens,
what is the distance of the ant from the magnifying lens?

20 cm ‘ 120 cm

Eq.‘l‘i (X%~

o e,
mEEATE £l MAHDY ACADEMY
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PHYSICS Inspire

The ray diagram shows
how an image is formed
by a cnnvergmg lens.

How tall is the 1 unaﬁ

:If’l ll‘.i-ﬂ-l't

phet EL MAHDY ACADEMY

Mot to scale
pt peidial daali Zsd

32.0cm 82cm 28 cm

ACADEMY (hl) bJ_,aa“ d_,L'I.A

bl pus )l e g
5y yaall S5 A4S

21 mmanmm

el 8 4 gSiall

0.34 cm

1.03 cm

2.24 cm

2.73 cm
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An object placed in
front of the convex lens
as shown in the figure.

Determine the location
of the image (if any)?

dnda) plal g 23
S5 3 68 ozl
8590l 0385 884 Lo

§( S o))

A

Bigwe OIS Y

As shown in the figure,
an object is placed in

front of the concave lens. T

What happens to the _
image’s properties as the
object gets closer to the
image?

5_)_,&:4.!&3_,&353_}:;.0
Jal b LS

ad 1) B ) geal) Ciliia
) pall (e puuall a8

| remain the same

ﬁ appear behind the lens
AERE £ MAHDY ACADEMY become enlarged

become inverted
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A student draws three Gt 556 LI ooy
rays of light from point (P) il . it
(P) through a converging . o= " ¥
lens. Aasiiee o2
Which of the rays are gaus) (5 A2l (0 (5]
drawn incorrectly? gl e Treome pé S

X agae X,Y Y.z

3 t
lhnst: EL MAHDY ACADEMY

SN aMlape y9335



G 10 inspire PHYSICS Inspire

Complete the drawing using the ray dingrams el et 2 S i w3y 31
ta form an image of the olaject,

) #eal, inverted image beyond 2F on the right 0 ot e e 2P s L L e
) #eal inverted image between F and 2F an the right [ JQEN S| 3N JURE WU REE R
@ Vvirtual, upright image on the loft of the lons O o e Vs AR e

(D) virtual, upright image betweon F and the lons 0 i e iy F e s Al e

on the left

Calculate the langth of the image af the abjoct a el gl S 13 A5 S5 gt § g e i

l’nlmldifh‘_'l.lnngﬂli.iﬁ.ﬂun_ 540 cm
on- G M 0

0O soem : 5.0em

O 15w i ¢ad IB 12.5 em
| Loy

0O 1soeem

a 15 the image formed of the object real or virtual? a Uy Yl o Al pemanld A gl By et 5
Amd wiy?

MAHDY ACADEM) 150em

) Reul, because the object i outsid the focal ciasll 2l i i e 8 il
Tengih

g Real, becauss the image forms on the right aciall g e R R ypeall S Eglda
sidde of the lens.

G Virtual, because the abject is between the lens ety il el el N L
and the focal point.

Virtual, because rays divierge after passing il L gy e dey 2805 S O Galla
through the lens.




