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-Apply the equation for illuminance of a point source to numerical problems.-Relate luminous

intensity to illuminance.

Selaiudly ¢ gl Bud Jasy - Apsuadl Jilud!l e Jadi juias beliatul slas Gudas -

Luminous flux Sl 3dad|
Lo ghai J3Yjuiall (o AST Aigus Badl Lo ghas JSYI juiall 2iid oo gl g lad z3gai §
In the light beam model, a brighter source produces more light rays than a less bright source.

(P) Liswadl 33l e gl jiuall e Adgall A8l Elasl Jure (o

The rate of emission of light energy from a luminous source is called luminous flux (P).
(gt suall pols) (Im) aslll (£ gl G8anll sy %0

The unit of luminous flux is the lumen (Im) (specific to the light source)

cladd juuadll Gewadl Gaaill e el (re Aieae B8 § ol e Indlud! ¢ guald JSTI 51l deiay X

The total amount of lightincident on a surface in a given period of time depends only on the

luminous flux of the source.
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(lumens) F //j/’/ (mnddm/m’)
r ”,////
,/ /// J
ol
v
/

TLLUMNANCE

= (IU\K : lumevs/ m?
(footcandles = lumens / W)

.
Svew

Lluminance selaiuy|

3

(E) seliaind | alant gl 3 Aicne mlas &b e Tadldl Ggwadl 380l (o
The luminous flux incident on a given surface area at any moment is called the illumination(E).
(ol o5 ). mladd il bk Bu gy ¢ guiadl aludagol Joas %
The rate of light collision with the unit area of the surface. (Surface specific)
(Easdls 2ol <(Im/m2) psye sis ST pagd Jalad @l « (1x) Sl Bumgy ol 8

Itis measured in lux (Ix), which is equivalent to lumens per square meter (Im/m2).

(Surfacespecific).
-+ 2L &Ml IS (e bad | sebiaiian] olid (o Say

Surface illumination can be measured using the following relationship:
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Illuminance (E) is directly proportional to the amount of luminous flux (P).

(A) gl aLua 5l e o LiseSie Lol () 3Lt cusalils v/

Illuminance (E) is inversely proportional to the surface area (A).

(r= 1'[1”2)4,14_5_" aas o as LeuSle Lewlis (E) 86 Laiuldl | conlils v

I\Iluminance (E) is inversely proportional to the square of the radius (r=TtrA2). /

P

E=

If r is constant, then E is directly proportional
toP.
« When P increases, E increases.

« When P decreases, E decreases.

If P is constant, then E is inversely proportional
to ra
« When r?increases, E increases.

« When r? decreases, E decreases.

_ p
47cr?

P oaa b cnlis E G alb rcals 13)
E ssp Polsp Laue o

E Jxs P U Liaie »

I ps uSe bl E 51 .azt P cals 13)
E Jis .r? sl Ledue

E by r? Us Leaue

*

/CJ-Q,,Is

’Q
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If a sphere is completely surrounded by a point light source, all of the luminous flux of

the lamp will hit the surface.

(4T0r2) 5,801 o 2 Lus e Bgudo Giguadl 38usdl (olud 8sliazudl L6 0,31 O

So the illumination is equal to the luminous flux divided by the surface area of the

sphere (4Ttr2).

Illuminance
__ 1750
E1 = A Ix

1750
= =
3 4722

I1x

1750
= — I1x
E 47132

Luminous intensity Bl Bud

5,80 s Il o oo (1MMP) 8o Lis e oSl gl 330l gslad Jadi youal 5sLs¥l 5k 80
L(AM?) laylas cipas

The luminous intensity of a point source is equal to the luminous flux incident on an area of

(1m~"2) of the inner surface of a sphere with a radius of (1m"2).
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There is a relationship between light intensity and illumination through the following

relationship:

E=—, I = Er?

. (cd) Wil 5umgs 5 LY B ulas %

The intensity of light is measured in candela (cd).
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SelaiSa (353 2.50m ¢ Lasyl e 25 1750 Im Bsd; 7 Luass tliae OIS 13] 2l mlas 3elis) (2 Lo -1

m above your desk?

P =1.75x10% Im
P

2.50m E= 47r?

What is the luminance of your desk surface if it is illuminated by a 1750 lumens lamp located 2.50

__175X10° Im
~ 47(2.50 m)?

= 22.3 Im/m?
=223 Ix

Substitute P =175%10°Im, r=250m

|—

e ¢ gadl 5;‘-4'4!)‘.\.5.4LA.QAJ‘LAJJ;\GLGJ@.QAMJ&Q.A}J8.OX1OZ4JM G B luae Sdales -2

Suasdd! lia
You shine an 8.0 x 10%-Im light bulb onto a person who is standing 2.0 m away. What is the
illuminance of the light on the person?

P=8.0x10° Im

“

< 20m >

2
£ Py _80%10%Im

i — =16 Ix
nr’  4n(2.0 m)
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Alamp is moved from 30 cm to 90 cm above the pages of a book. Compare the illumination on the

book before and after the lamp is moved.

‘ P
O T I
before P ] raﬂer?
| A”r:)c!orc?

_(30cm)’ 1
(80 cm)’ 9’

qg«S}.L” 5...L>3.3 a:-}m 5;‘-4'4! gﬁ La .?"4.1.7.5 a:-}.‘ &23.0 m J=ago .64-cd Aud e‘_.;a.a.? ;34'4).\44-& -4

A 64-cd point source of light is 3.0 m away from a painting. What is the illumination on the

painting in lux?

P = 4n(64 cd) = 256x Im

P  256xIm

= =7.11
4rr®  4z(3.0 m)° *

SO
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§23751m igsal!

A screenis placed between two lamps so that they illuminate the screen equally, as shown in
Figure. The first lamp emits a luminous flux of 1445 Im and is 2.5 m from the screen. What is the

distance of the second lamp from the screen if the luminous flux is 2375 Im?

Screen E,.= E;
P, P,
R
So " f.
s ] p
P=2375Im —2.5m— r, =r, —
P =145 Im oF VA
2375
=(2.5m),'——
1445
=32m

0)id gsd (3. die Sy 150-W 854y pagio 7 lwas Sex3 3.0 m Gos e t“i-.’ch‘“ e L A L -6
€22751Im

What is the illumination on a surface that is 3.0 m below a 150-W incandescent lamp that emits a

luminous flux of 2275 Im?
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A public school law requires a minimum illuminance of 160 Ix at the surface of each student's
desk. An architect's specifications call for classroom lights to be located 2.0 m above the desks.

What is the minimum luminous flux that the lights must produce?

P = 4xEr
= 4n(160 Im/m?)(2.0 m)?
= 8.0%10° Im

chLual‘«.aM}ALo& 75¢cd 5A

Luminous Intensity Two lamps illuminate a screen equally from distances shown in Figure. If

/
Lamp Ais rated 75 cd, what is Lamp B rated?

—d?
gin;e the illumination is equal, E;
LampA Screen Lamp B = E..
!

ho_ 1

. ' SO d12 d?2

,L 50m fe—30m—| | )

or ) d.‘.

_ (75 cd)(3.0 m)’

- =27 cd
(5.0 m)*
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The figure below shows an incandescent lamp that emits a luminous flux of 2200 lmandis

placed between two screens.

Screen A Screen B
)

(4]
Source

T+

B o A (idLad) wie BeLn¥ | slom] Gyl (e sLial Jguzd! ST -
a- Complete the table below by finding the illuminance at screens A and B (show your work).

INluminance at screen A P 2200 Im

E, = = 1 k
A7 4nr2 T 41(2.0 m)? .

E, =44 Ix — 1 mark for answer

Illuminance at screen B A P ___2200lm 1 mark
B 4nr? — 4n(4.0 m)2
Ep =111x — 1 mark for answer
(1 mark for unit seen on either A or B)

Ep

SA aaladlwie 5:LsYlg B A ladl wic 3:LoY ¢ (EB/EA) a2 Lo -
1
Ei 4

b- What is the ratio (Es/E ) of the illuminance at screen B to the illuminance at screen A?

OR (1:4) OR illuminance at screen B will be one-fourth that at A. (do not accept 4:1)
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§ (100 cd) 3oy SLiyS

Which light source is sure to be more efficient, an incandescent bulb (1000 Im) or a light bulb

(100 cd)?

100cd > 80cd

811 g4 sl €d100 s s g1 GlwSII zhuall o wzs

¢ b Lo el o3 gl JSCAII ol -1

Study the adjacent and then answer the following:

S 0,501 0,1 g Led (0.25 m) JI (r) yadzs! 1311

If (r) decreases to (0.25 m), what is the illumination of the sphere?

98,81 513 o yng I ST gunll 380l 98w [3Led (0.25 m) JI (r) padses! 131 -2
If (r) is reduced to (0.25 m), what will be the total light flux hitting the inside of the sphere?

Luminous flux P = 1750 Im

- r-1m

Illuminance

1750
E'-T Ix
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-

Sluds

In the adjacent figure, if the screen illumination is 2 (100 Im/m~2), what is the screen

illumination (1) from the same lamp? 2 ',', AN s 1 .-; I
#30cm> «—60cm —»

14 14

£

e B LmY i L 09 B Aaadl (yo ST 7 Ll dele 09 o s 1 polaidl yltie Led 1.02m
EoAwAL

The illustration shows a lamp and a candle illuminating a screen placed between them. If the
lamp is moved to a distance of d =1.02m, how much brighter must the lamp be than the candle to

have the same illumination on the screen?

Lavp ST een Gnrvile

O —
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In the figure below, the ratio of the brightness of the light at Ahmed to the brightness of the light

2m 2m
T -

at Sultan is equal to?

SUslay B Bl Ll ol sl 5 guadl polase JI A Bl 4Ll ol sl poladl o Bl yalaell JSCAIN 315

In the adjacent figure, the ratio of the brightness seen by observer A to the brightness of the light

seen by observer B is equal to?

B 8 L1 ol goldl ¢ guiall g glasu ool ) Jolay A il oy giidl s guiadl polase slinl JS21 §-16
§ day e iy A ol L ols

In the figure below, the brightness of the light seen by observer A is three times the brightness of

the light seen by observer B. Observer Ais standing at a distance of?

E ¥ r
il — 4 >

A r=?m r=4m B
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The apparatus shown in Figure (1), consisting of a movable screen placed to the right
of an electric lamp (light source), was used to study the amount of light falling on the
screen (illuminance). By varying the distance between the screen and the lamp (r ), it
was observed that the illuminance decreases as the distance increases, since the light
intensity is distributed over larger areas. The light spreads in the form of spherical
surfaces with an area of ( 4 . s oy ipnere = 417 ), as illustrated in Figure (2). Based
on the above, answer the following questions:

Lamp movable screen
et thtbas Nl A
€ r >

(05 ke d) ol | e W\l | 5 gul| duad \giks F 198 el ool 48a yoll Al e N -A
bgeaal| jaally mlawd| Oy &l S8 ook el A lual! 529 L Aadlu! 5 gul| Aol AdSal!
Jr=d4dm )ﬁ_‘,u
A- On the grid provided below, shade the region over which the amount of light falling on the
surface (illuminance) is equivalent to the amount of light incident on a unit area, when the
distance between the surface and the light source is ( r=4m )

ahalle I Note
Jiay asuidl gupo JS - Each square on the grid
dwlwill aaluwall6a3g represents one unit area
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aladl) bl o6 (0.34m ) ol wad ( 1500/m ) daoud gl G3d) O\ 1

a9 (25000 ) hgudl) dhdsi 7o \puss (| b5 \aio N (59 g 5 bidis| s
iy 6w (S| 2 9o 98 o () daluu

If the luminous flux of a candle (1500 /m) is (0.34m) away from the screen (barrier), and
causes illumination equal to the illumination caused by a lamp with a luminous flux of
(2500 /m)and is ( d ) away, as shown in the figure, answer the following:

Lamp Screen Candle
T Al e
d P 034 1)) w——d

A- Find the distance of the lamp from the screen (/).  .(d) &aldl o6 rluaall da 3 -A

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

.......................................................................................................................

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B- If the lamp is moved toward the screen $0  oua) gl vy dslid! 0l rluaall & 2 @i 1l -8
that its distance becomes 0.31 m, find the sda b rleasll bsliinel jldo A aagl (031 \gis

ratio of the illuminance in this case to its ‘.‘(%).& il b i jlade JI W)
. “l

illuminance before the move (:_ )?
“\

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
.................................................................................................................................................................................................
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

.................................................................................................................................................................................................
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-Draw a ray diagram to find the image of an object formed by a curved mirro1- and determine the
properties of the formed image. -Apply the mh'l'o1- equation to calculate the image distance, the
object distance, or the focal length of a spherical mirror using appropriate algebraic signs for f
ocal length and corresponding distances. -Calculate the magnification produced by a spherical

mirror.

- .ﬁ}fﬁl‘ 5)3.44." ua.‘y\.qa:n dedexie Tdxia EB.A b‘ﬁ Qj&g o> 8)940 .b\:q? Lelad \jaja.‘:us M)‘ -
‘auéﬁ_w\e ’4.13)5.” ELA-U &5)5-1-” ..\.a.g.”gi p.a::." ’@Lw.aji Byguadl Ldluws wlusd -mh'l'o1 Uslas b
Elfgjs SL.A O @Lﬁl,@,&ﬁ‘ x| - AL LEl | olalud g L__SJB'!'” dadd Al | 4 sl csladlall

CURVED MIRRORS (29,S01) Azl | Ll L

Bypaall bl — Byl Ll b — Bgiadf bl ol 2 fgsl B I Gl L) qniis
Mirrors are divided into three types: plane mirrors, convex mirrors, and concave mirrors.
Convex mirrors (light diverging) (CPONIFEI-9Y - IRES (N INTES Y
SBLI e T o liimie 5L, zyleld domie Zazell L L JSA 9SG

Convex mirrors are curved outwards, and two edges are curved away from the viewer.
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L Bty o livimie Blidlog, Jalull domia 52l Ll L1 US4 0o,

Concave mirrors are curved inwards, and their edges are curved towards the viewer.

Concave mirror

Concave mirrors Byaall Ll L1 : Yol
Image states in concave mirrors Byaall Ll JA1 3 8)94all ¥l

(8750) ALt o (Luglona - 380 — B yisas) Aaiin Byguall 0985 o oS ¥
The image can be real (reduced — enlarged — equal) or imaginary (magnified).
b gl pisge e piuaill o Sl ludes Bygeall poi dainy v
@ The type of image and the amount of zoom in and out depend only on the position of the object.

The distance of the body from the mirror. IRV ORES [ETED o) v

After the image from the mirror. Bl e Byguall iy X v

xi=f 0950 € i Jin Xg = 00 calS 130 Y

.The image is a real, inverted, miniature image L Bydune dglie ddids Byguall (5SS >
C
L -

>_
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The image is a real, inverted, miniature image . Byiyas Lglia Lad> Syguall 0555 >

Xi =T (858 < Xg =T cslS13: 16

The image is an inverted, equal, true image A9l Liglie A i Byguall (19SS >

Xi>Tr 08 « <X <TI0l

The image is areal, inverted, enlarged image B ASe dglie Adids byguall (9SS >
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No image Byguo dgi Y >

Xi = — 0sa — X < f o130 Ll

L bl @ BaSe Auiae Al Byguall 0SS
The image is imaginary, moderately enlarged and externally magnified.

/»@
7/
-

-~

convex mirrors douzell bl L0 Lals
B yiuan Uuiae dls Lails Byguall (oS5 Bpumll Ll LI 3%

In convex mirrors, the image is always a small, upright, imaginary image.

- Byguall Jgbo 3135 3T ¢re el sl LelS v/

The closer the object is to the mirror, the longer the image.
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Object Image
ad Xo o X -
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/
”
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"

—
C -~ F
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Mirror equation Bl dl alslas
f x0 x;

The distance of the image from the mirror.

The distance of the body from the mirror

Focal length
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magnification rate oSl Jaza
x; hy
m=——=
Xo hy
Very very important notes - i lus dela allasMe

- Gopl dadl e Soluaa (1) 555 ylad caai v

The radius of curvature (r) is equal to twice the focal length.

Very important notes:- - o dala ollasdle
CByaia 3L ol Gy 10 (+) (F) Zegd oS 131V
If the value of (f) is (+), this means that the mirror is concave.
gz LT O gy 1da () (F) Aesd cal§ 131 v/
If the value of (f) is (-), this means that the mirror is convex.
2l Bygsall ol () <l 131, 2asis> Syguall ol Gy 1da (+) (X;) 2ged oS 151 v/

If the value of (x_i) is (+) this means that the image is real, if it is (-) then the image is

imaginary.
Wi Bygeall old (-) ol 13, Adls Byguall ol gy 1da (+) (R;) 2ed calS 131 v/

If the value of (h_i) is (+) this means that the image is imaginary, if it is (-) then the image is

real.
igis Bygeall old (-) <ol 131, Adls Byguall ol oy 1da (+) (1T1) A calS 131 V)

If the value of (171) is (+) this means that the image is imaginary, if itis (-) then the image is

real.
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cagluds Byguall ol gy lda (M = 1) &eed oS 131, 8 yiuas
If the value of (m>1) means that the image is enlarged, if the value of (m<1) means that the image

is reduced, if the value of (m=1) means that the image is the same size.

(FSQ) 4dyoll alind! : Lals

g0 Lo BT (e 0 30.0 dad e o 2.0 dlsls Lauir Caiing oo 20.0 Lslizms| plad Ciini §ynia e -1
SLeelasylg Byguall

A concave mirror has a radius of curvature of 20.0 cm. You place a 2.0-cm- tall object 30.0 cm from

the mirror. What are the image position and image height?

.p.w:;]‘ LeoSa ‘5"” 8yg4 c_snj.n NYRESA) M‘ el e PR ! -

Draw rays on the diagram to determine the location of the image produced by the object.

Find the magnification S dgl -

r
x
°
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Saclasyly el adge Lo BT,AI (pe ©4416.0

You place an object near a concave mirror with a 10.0-cm focal length. The image is 3.0 cm tall,

inverted, and 16.0 cm from the mirror. What are the object position and object height?

Lo 811 e 5lal 5 aas ()l Ldgbo 4uS5-d Aadl 5. 7 0.50- (5530 i L g 395um § Buima el 3150 -3
FlesLasylg 894l lﬁ}n

A convex security mirror in a warehouse has a -0.50- m focal length. A 2.0-m-tall forklift is 5.0 m

from the mirror. What are the image position and image height?

Draw rays on the diagram to determine the location of the image produced by the object.

Find the magnification Sl gl -
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Slakadg 5,1

A 7.6-cm-diameter ball is located 22.0 cm from a convex mirror with a radius of curvature of 60.0

cm. What are the ball's image position and diameter?

S N Leagee Jeb O 9o - szmie (el Blpe (pe sle Y.8 dad e 335 gl VoA Ldglo BLid -5

81l o5l addl Lo TByguatl dal Lo

A 1.8-m-tall girl stands 2.4 m from a store's security mirror. Her image appears to be 0.36 m tall.

a. What is the image's distance? b. What is the focal length of the mirror?
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Tl Gollall g uad! dadl il ¢ st | ey gl -1

A convex mirror is needed to produce an image that is three-fourths the size of an object and
located 24 cm behind the mirror.

a. What is the object’s distance? b. What focal length should be specified?

$ Byl S ylda Lo (9em) g5l Laday §yada 31 ps alal (20em) gl e aiing -7

Place a longitudinal body mirror (20 cm) in front of a concave focal plane (9 cm). What is the

image magnification?

w291, (2.8cm) Ldgbs 8940 4 235838, (16.4cm) uay (e &yuma Bl plal (6cm) Wgbs qur a9 -8
S 81,00 595G sl Cdyns

An object with a length of (6 cm) was placed in front of a convex mirror at a distance of (16.4 cm),

and an image with a length of (2.8 cm) was formed. Find the radius of curvature of the mirror?
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A convex mirror was used to form an image two-thirds the length of the object and at a distance

of (12 cm) behind the mirror. Find the focal length of the mirror?

, ‘,a.y.l‘ O L] ‘3 vgd! 3oalid, (40mm) LaysSS o,kad Ciial bl"'-! 137 ) ELA Olicwd T pueiu -10
§ Syguadl 4SS Ls, Glices¥l (e (16mm) iy e 245 81,41 (S 13

A dentist uses a small mirror with a radius of curvature of (40mm) to view tooth decay in a
patient’s teeth. If the mirror is located at a distance of (16mm) from the teeth, what is the

magnification of the image?

§ JSCIL g pnd| Jglog ay gl -11

Find the distance and length of the body shown in the figure?

_I Ta.s cm :

P——16 cm—

p—————31cm

+972 59-226-7315 :Unlgill  olib 1020 ALl alac|




+972 59-226-7315 :Unlgill ol 2020 :ALiwl] alac]
§ ISl sl puzdl Jslog iy uamgl -12

Find the distance and length of the body shown in the figure?

30cm

4.0 cm—

——=8.0cm

81l S5l wadl Led, 5yaall BIA1 oo (22em) B luws e JSCEI 3 2929l puxll 2dy -13

The object in the figure is located at a distance of (22 cm) from the concave mirror. What is the

focal length of the mirror?

|

22 cm

-
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Calculate the refractive index of a medium using a suitable mathematical presentation (n=c/v).

tate and apply Snell's law of refraction . Calculate the cl'itical angle using Snell's law.

eizlag LS Sl 09308 o (1 = €/v) coslin (vl Jekes aluseianly Jasgd LGN Jolas cous |

oy lia a3 ¢ guadl Badl L8 (L) 1 eloedl) o5 T oy J1 oy (o 6 gl Lads Sty Lok %

When a light ray moves from one medium to another (air to water), the light rays change their

path.

.934'4..”)‘..“&31 (i palies by (o Juo lidl udl 8ygus e ¢ guadl ylune piS X

The change in the path of light when it crosses the boundary between two different media is
called refraction of light.

Air-Water Air-Glass Air-Diamond

Incident ray

boudary

\

r| Diamond

Refracted ray

Al

r{ Water Ai

=

Glass Ai

The refraction of light depends on several factors:
s gl Lo Jaihy g claswsll paibias v/
Properties of the two media between which light travels.

Angle of incidence of the beam - pladdl bgdw asl; v

Refractive index (n) () LSS Jalae v
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What do broken objects look like -t 8yuuSid | a L g iy S

elodl G Ll il wie Ladizell Loy (e copdl sl o coms 8yl plu¥l s v

Objects refracted under the surface of water appear closer than their actual distance when

viewed in the air.

(uaSin) o9-diua sl s s B3g gbl plua¥l g V1

Objects under the surface of the water appear distorted (refracted).

Snell's law of refraction. S Jiw 0g3L3
-t Ogs el 1da IS e ¢ guadl &La.&'u )L.ws.'i l:jb_gi BZYV- M) Z‘fjb Slide olus Sy <
The angle of incidence or angle of refraction of a light ray can be calculated using this law:

nq sin(01) = n, sin(6,)

-t O e

Refractive index of the first medium. cJo¥ gl HLusST Jolae 1T

refractive index of the second medium. LSl LowgtLusST Jolas 1 15
Angle of incidence of light. el bogdu Agly: 04

Angle of refraction of light. oo gl LSSl dly: 0,
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Refractive index (n). o(n) 5LusSY Jolas

- (n) 3% Jag (pa SOV Jolas ol Calisels, Jawsdl jaibias (o dols (2 %

Itis a property of the medium, and the value of the refractive index varies from one medium to

another (n).
LSSl Jalae J3T g9 (1) Lasls ol gl HLusGT Jalan 4
The refractive index of air is always (1) and it is the lowest refractive index.
STV ) YESON PO [ JN L <{ I VY PO DUPRR SO
The refractive index of a medium can be calculated using Snell's law.
agdl § e gundl Ae s e Baguudia §1pa0) § ¢ guadl Ao o 5T o HLauSGUT alae iyl Sy

The refractive index can be defined as the speed of light in a vacuum divided by the speed of

light in the medium.
Cc
n=-—
Special cases of refraction of light. e gl LSS Aols oL
ols, (Mg < N2) S 0, Julas Jawg JI Jol8 a)LwSJi Jolae oy o0 ¢ guadl Jailhy Levie 1
. ?LE.H dgaadl oo LiAda 0955 5LusSY|

When light moves from a medium with a low refractive index to a medium with a high

refractive index (n_1<n_2), the refraction is close to the normal.

ols, (Mg > Ny) S8 6,lusS! Jolae sy JI S a)LwSJi Jolae Loy (0 ¢ gl Jail Looie .2
3 e‘-ﬂ‘ éjac.a." o luaiee C)’Sﬁ)l—wﬁy‘

When light moves from a medium with a high refractive index to a medium with a low

refractive index (n_1>n_2), the refraction is away from the normal.
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When light travels perpendicular to the boundary between the two media, it passes without

refraction.

Resivika nomnal

n, < ns

n,>n,
1
so o, so
sin 6, > sin 6, — — — sin 8, < sin 6,
so so

@ =0 Gy < 65

6, = 6,

6, = o,

n = 1.00
Air
E - - N
i o I T :
= I} | o : y
V) |_' o y B
& [»1] ——
- N K R
] [ =t ===
= mo A | At »
v - 1% 0 — a8 i N YA R | =N 1 a
- - M AV S & n I S &4 ¥ | g
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sgenl] 2wl Aoy 40 gl lios o (o9 ile ol Gorul! mlawdl e s 9o plak badw-1
3 1.5 g Ll LGl Jalas oI 13] . 53g0nll

.n=133 .c«u‘échb.“)l-wﬁr&-jﬁb a0 .El.?)'l‘é;y'a.")m‘%jb -

A light ray falls on the flat surface of one of the sides of a thick fish tank at an angle of 40° with
respect to the normal. Given that the refractive index of glass is 1.5, calculate:
A- The angle of refraction of the light in the glass.

B- The angle of refraction of the light in the water.n=1.33

&La_i)\_u&‘ :‘Ljﬁ') L .4>,530.0 L.jb.' s;-\.'i ,_*g-b-) UJ eryirea) ‘3 £ g t‘.a_i, bad LSSy ?'L’,,ﬁb -2
?934'4.”

Angle of Refraction 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?
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Alaser beam in air is incident upon ethanol at an angle of incidence of 37.0°. What is the angle of

refraction?

LSS g5 Lo .dys 45.0 Laylude bogdw &gl z W 7l o0 Aakad o clodl § o940 ndw -4

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?

LI Aol gl . 390 ll AsadIly A3 30.0 Ausglis elll J) elodl oo ¢ guiadl Jaly -5

Light passes from air into water at 30.0° to the normal. Find the angle of refraction.

§ S LN Aagl; Lo iy 45.0 gl snsle plase (e 5 94 Ladiug -6

Light is incident upon a diamond facet at 45.0°. What is the angle of refraction?
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AL Balo 5 Lausl Jalaa Lo 82y 27 (2 AT § ¢ gl LSl

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?

Medium Vacuum(Air  Water/EthanolFloat GlassQuartz|Flint Glass Diamond

Index of Refraction (n)1.00 1.00031.33 |1.36 1.52 154 (.62 2.42

S(ﬂ:7.57) ?)3_543)3.‘5.” é ;3-44-” lﬂﬂ@ L -8

What is the speed of light in chloroform (n=1.51)?

Sollletl 3ogall 353 SHleSI G e gl Ange Jolo 2 3515831 ¢ gl e yao 1

Light with a wavelength of 650 nm falls on a piece of quartz that has a refractive index of

n = 1.458. Calculate:
1. The speed of light in the quartz.
2. The wavelength of the light in the quartz.

3. The frequency of the light in that material.
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S Lol Lo ey &1 Bgl3l1 B Led (s

If the speed of light in transparent plastic is 1.9 x 108 m/s, and a ray of light is incident on the

plastic at an angle of 22°, what is the angle at which the ray refracts?

& ASe e ¢ gt uSail 13] stlons (295 et (1.5 Lasue ) A ams £Siiudly dmpbio Coautbeiul 11
Selod! d ¢ guadl L = ‘é"\." ’4.13‘}." Lod (45,035 744.3‘)4 S Amaall Ao lndwg Ul

A thick plate of plastic (n=1.5) was used to make a fish tank. If light reflects off a fish in the water
and strikes the plastic plate at an angle of 35°, what is the angle at which the light will exit into

the air?

2.82 58 Lolell LuSS¥1 Jalaa o eldatl aa celgdly pulkl o LSRG mlaadl e Byl g3 csin| =12

Calculate the critical angle at the common interface between diamond and air, knowing that the

refractive index of diamond is 2.42.

Jalas gl s Wl ) 1=7.52 0,Lul Jalas 01 7 30 (3o 8.9l Sty Lootic Aompael) g3l s <13

.n=133 b)L«.«SJ‘

Calculate the critical angle when light travels from glass with a refractive index of n=1.52 to

water, which has a refractive index of n=1.33.
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2320 2 Jrolall andl sie Togaudl igly alS 13] o9l

If the critical angle at the boundary between diamond and air is 24.4°, calculate the angle of

refraction in the air if the angle of incidence at the boundary is 20°.

tou1d Aoy £ elgdly z ol (e tae gg O Ayl Agl3dl alST13] -16
s oo ged! 1A LusSY Jolas .
LYY 5 o Lell HLui¥l Jalaa ol Gl oLl § a3l 1a s 13 oyt 31 .Y
If the critical angle between a certain type of glass and air is 41°, then calculate:
1. The refractive index of this type of glass.

2. The critical angle if this glass is immersed in water, knowing that the refractive index of water

is 1.33.

oo LuSaY Jalal GEds blus¥ cay, blugl 8ue I £lgd! oo Jail g Lelad yaleell JSCEIN ey -17
S oW ASY

The adjacent figure represents a light ray moving from air to several media. Arrange the media

according to the refractive index from largest to smallest?

Wl I I iy =

/ / / /]
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The figure represents light rays emitied from a luminous source located in water.
(ziven that the refractive index of light in water is n;

calculate the following:

1- The refractive index of light in water, if the value of the angle 6 is 48.75°

2- The value of angle ¢

3- The value of the angle p

4- The speed of lisht waves in water
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-Draw a ray to find the image of an object located at different distances from a lens and
determine the location and properties of the formed image. -Apply the thin lens equation to
calculate the image distance, the object distance, or the focal length of a convex or a concave lens

using appropriate algebraic signs for focal length and corresponding distances-Calculate the

magnification produced by a thin convex or concave lens.

yguadl ailiasg 2890 Jyzxig Aol cpe dadides SLluw e 2l > By540 deogiall elad oy -
dwda] é)j-l-" aadl g p.w.‘ge.” 4 luw of Byguatl Adluce wlua) AaB I Al Uslas Gubo - 454
@'w‘w‘ | - alal) olalud g é)j.g.” REL PO PP S [REAPY VPR ﬂ..\::‘i—wb Byada gl dydoes

A8y Byadae gl Ldome dwde e

Light and Boundaries S PES (A PY
a3 gl ¢ gl peez § pudiud A ol 7 L3l (e Ae giian A8Lak Aadad (20 Al

Lens: Itis a transparent piece made of glass or plastic used to collect or disperse light.
(Ogsadl (53555) o Lun¥ll piias ol 4S5 § cluwaadl alusiud gz %

Lenses are used to enlarge or reduce objects (form images)..

@ — gl gt

/ 33341 PRl

o 1 59l
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Convex lens Azl Laaldl Yo
B9l o Lo Wil § 5 gl oy pgd3 QI Al (p

Itis the lens that collects light at a point called the focus.

Concave lens. LByl duadl: Ll

ool e e guadl 3syits pods Gl Auall (2 %

Itis the lens that disperses light in all directions.

Very important note: tus daqm Aaodle
(s 34atl 35a5) Ayl 51,0 a5 pmall dsuadl v/
A concave lens is similar to a convex mirror (diffracts light).
(s gl puazms) yadll BI,L1 AdS Zyazell dwwaall V)
A convex lens is similar to a concave mirror (light convergence).
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Composing images. gl (eSS
First: convex lens. Al | dgaadl Yl

byguadl (Lo (XO > ZF) dwaall S.SJE"'" dadl Cdas u.AJ\Si - e p.a«.‘::n tqaé 13 : st” Ulxdl 4
Byhinng duglie dudas (1985 Al
First case: If the object is placed at a distance greater than twice the focal length of the lens
(X_0>2F), the resulting image will be real, inverted, and reduced.
PO { 1 tL-..iJl

Z&Ln...’.'JI
F 38 3alt 2F

2F F \

—-d,=30cm —— «~——d; =15cm ——;\

Bigwadl L8 (A = 4X) g5 vad) il glucs ity e posnm]) piogy Lodkies © 4Ll Al o
ezl lan¥ gl Auglie Adido (955 ALl

The second case: When the object is placed at a distance equal to twice the focal length (X_0=2F),

the resulting image is a real inverted image equal to the dimensions of the object.

o=t | 1 &h..:..ﬂ
2 gladti
= 2F
2F F

3_)3.4@.“\
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S dglie
The third case: When the body is placed in the middle ( [(2F>X)] _0>F), the resulting image is a

real, inverted, and enlarged image.

Vertical axis —
Object Ray1 Principal axis
Image |
-»>

2F

wmildl syg0all gb (F > X > 0) 8551 (e J81 aay e ol pung Losie 1 &yl 1 &Ll
S Wuiae Adles eSS

Fourth case: When the object is placed at a distance less than the focus ( [(F>X)] _0>0), the

resulting image is an enlarged, upright, imaginary image.

— Vertical axis
PRESSTRS e
- ®e Ray 2
“Wey Principal axis
F,BRay 1 l
Virtual Object F
image -—X,
o—f
- xl

+972 59-226-7315 :Unlgill  olib 1020 ALl alac|




+972 59-226-7315 :Unlgill ol 2020 :ALiwl] alac]
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Laid b yiiang Wuine Al jeuo (98T (g L LS 2a il 5 yaall duuadl Byas %

A concave lens diverges all the rays, so they form only upright, reduced, imaginary images.

Lens equation. cdwaadl Ualas
1 1 . 1
f xi xo
Magnification equation S Uolas
hi —Xj
m = =
ho xo
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CByaia Bl g Bdzme Auenall ol gy e (+) (F) Rasd ol 131 V/

If the value of (f) is (+), this means that the lens is convex and the mirror is concave.
game 1L g Byade Awadl of gyl (-) (F) desd ol 131V

If the value of (f) is (-), this means that the lens is concave and the mirror is convex.
4l Byguall 5L (2) cal 131, Aaras Bygeall of gy Ida (+) (X;) ased calS 131 V7

If the value of (x_i) is (+) this means that the image is real, if it is (-) then the image

is imaginary.
Wi Byguall ol () oS 131, 2dls Byguall ool oy 10 (+) (F;) ded ol 131 v/

If the value of (h_i) is (+) this means that the image is imaginary, if itis (-) then the

image is real.
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An object is placed to the left of a convex lens with a focal length of 25 mm, and an image is

formed with a size equal to the size of the object. What is the distance between the image and the

object?

T b lee ol (8em) g5l Laciay Loume dwwite (0 (32em) dy o pu> a9 03 -2

S Byguadl 985 ol 1
SSMI leam,(3cm) éjl..«-u. M‘ J}Ja ulS‘.b‘ 2
S Bygeall slxil Lo .3

An object is placed 32 cm from a convex lens with a focal length of 8 cm. Answer the following:
1. Where is the image formed?
2. If the object is 3 cm long, what is the image length?

3. What is the image direction?

object A

h,
3 2%
e —eo . -
2% v
L Xo

!

+972 59-226-7315 :Unlgill  olib 1020 ALl alac|




+972 59-226-7315 :Unlgill ol 2020 :ALiwl] alac]
duosall (o g 9 (1.8em) Lol 2w gSian dudydo Bygeo ddome dunte (0 0y all ads pune) 980 -3
§ dlsbs Lag, ol ay L, (6.8cm) Al g 51 uad! IS 1308 (10.4cm) Layud 2dluw

An object located near a convex lens forms a real, inverted image with alength of (1.8 cm) and a
distance of (10.4 cm) from the lens. If the focal length of the lens is (6.8 cm), then what is the

distance of the object, and what is its length?

Bwad] Ao potiil , Sl Byguall Jglog ay dyokms § doctizianls JSATI J 2Ol Talases eyl -4
S Aslass

Draw a ray diagram in the figure and use it to determine the distance and length of the image

formed. Use the lens equation and the magnification equation.

f—6Ccm —*
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For a diverging lens with a focal length of 15 cm, a toy piece is placed near it, forming an image 5
cm from the lens with a length of 2 cm. Answer the following:

1. What is the length of the toy piece and its distance?

2. If the diverging lens is replaced with a converging lens with the same focal length, what is the

position, length, and direction of the image? Is this image real or imaginary?

-:&L&G%‘,;glq:l‘dﬁ»."é-ﬁ

.M.‘gdjbj.;a ufjiﬁwm Sllalazes e‘.\:ﬂ'—wt MJ'" JeST 1
(5cm) 4.‘3]9 Q\S‘S‘ M}&ﬂ‘ p..«w;." 519.44 J}Ia «,4.w.‘>| 2
¢ U3 @bj,@‘.ﬁ.& e‘%w@lﬁjﬁ“b’ﬂﬂ Ja .3

In the adjacent figure, answer the following:
1. Complete the drawing using ray diagrams to form an image of the object.
2. Calculate the length of the resulting image if its length is 5 cm.

3.Is the resulting image of the object real or imaginary? Explain.

2F
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A 6.5 cm long food navigator is viewed through a converging lens with a focal length of 5 cm.
Answer the following:

1. If the navigator is 6 cm from the lens, what is the distance of the image from the lens? Is the
image real or virtual?

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

3. The navigator is now 4 cm from the lens. What is the distance of the image from the lens? What

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

Depending on the figure below, answer

=Draw rays on the diagram to show

the location of the image produced
by the lens.

lens

object

; . . F 2
- Calculate the height of the image Baem

produced by the lens if the height
of the objectis ( 5.0cm ).
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What is the image position for the situation shown in
the figure below?

A. —6.00m C. 0.167 m
B. —1.20m D. 0.833 m
Object F F
l—2.00 m —=
3.00m
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