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

PHYSICS Inspire

; Ay a1 Al Gallall LIS B A pal
a ! TRV ulaa aladll @il Reference in the Student Book (English Version)
g 1 Learning Outcome/Performance Criteria ** Example/Exercise Page.
- L i S Aada
% Describe refraction of light (or a wave) as it crosses the boundary between two Student Book 90
different mediums and represent that in a ray diagram. Figures (18,19) 90,91
o | Identify that during refraction, the wavelength and speed of light (or a wave) change Student Book 92-93
but frequency remains the same.
3 | State and apply Snell's law of refraction. Example (4) 92
Practice Prob- E3u.32-33} | G2
4 Calculate the refractive index of a medium using a suitable mathematical Student Book 93
representation (n=).= Check Your Prog - (38) 96
5 Define the critical angle as the angle of incidence at which the refracted light ray Student Book ' 94
lies along the boundary of the two mediums. Figures (21) 94
Apply th f refract itical angl d lint | reflection t PR 00K 92-94
& pply the :u_m:&pts of refraction, critical angle, and total internal retlection to bk Vil [3&'3?.39'4&0'“1‘ S

(1)
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" | Describe refraction of light (or a wave) as it crosses the boundary between two Student Book 90
different mediums and represent that in a ray diagram. Figures (18,19) 90,91

DEFINITION

Refraction

(HLusSl)

The change in direction g

| (bending) of waves at th T 5
P N boundary between two i
@Q}@g} : different media.
W e ye33aN L) J
dadalaliae

QA
nheE @ SN aMlape y9335




-
G 10 inspire @ =¢= W PHYSICS Inspire
i e

Refraction occurs when light travels from one transparetmed" to another due to
|
the difference in speed of light in the two media

kil hake

L -‘- ' ‘

L o ek L] s

.It. 1 v ..'l_'i'l- '_..!‘l“ gm'
e, EL MA ACADEMY

Refraction depends on the properties of the medium, inculng the speed of light

Note that the frequency is constant because it depends on the source, not the

medium. and periodic Time also constant

What changes from one medium to another is the speed and wavelength... but the frequency is
. constant. .
The angle of incidence is the angle between the incident light ray and the normal
to the interface
The angle of refraction is the angle between the refracted light ray and the
normal

@ SN aMlape y9335
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When the ray is refracted near the normal, i.e., when the angle of incidence is greater than the

9
Air H e
Dipmond . Glass
EB

Air - Diamond c ’ Air - Glass Air - Water

angle of refraction

bl Bam

s waﬂ’l ¢ ARl

EFZEE E| MAHDY ACADEMY

.I'tfi '-l-ﬁ-l'l

¥ EL MAHDY ACADEMY

When the speed of light in the tst medium is greater than the speed of light in the

second medium, the speed of light in air is greater than in any other medium

sin 91 B V4

o V>V,
sin 92 vV,

sin@; > sin @,

SN aMlape y9335
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When the ray is refracted away from the normal... that is, the angle of incidence

is less than the angle of refraction.

Giass
(s

(as10)

.—-—-.-p.d‘tr-- - -

When the speed of light in the first medium is less than the speed of light in the second
Vi<V,

sin@, V, sinf; < sin 6,
@ SN aMlape y9335

medium sin 91 V1
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- o e e e = o e

Air

Fast = Slow Medium
Lower Density to Higher Density (e.g., Air to Glass)

Glass

Result: Speed decreases.
Rule: Bends TOWARDS the normal.

Byisal

Formula: Angle of Incidence (8,) > Angle of Refraction (8;)

MAHDY ACADEMY

N,

W ,'.EI palial]

& jlaidl paile

PHYSICS Inspire

Slow = Fast Medium
Higher Density to Lower Density (e.g., Glass to Air)

r
-

Glass
Air

-

Result: Speed increases.
Rule: Bends AWAY from the normal.

Formula: Angle of Incidence (8,) < Angle of Refraction (8;)

(2)

SN aMlape y9335
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®

yora¥i uﬂ The ratio of the speed of light in space or air (c) to c ‘
N its speed in the medium (V) e e

N m— y

- :;;i:l“n‘:ﬁ) . The ratio of the wavelength of light in air A )to
“Constant value its wavelength in the medium A__,. ) I
for the medium” — — i

" The ratio of the sine of the angié oﬁrc?dcncc in
e the space or the air (sin @) to the sine of the angle -
"~ of refraction in the medium (sin 0) )

w21 ARl

EEETE EL MAHDY ACADEMY
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sin 61 C /11

ri' 23 £ MAHDY ACADEMY

.Miwumﬂ he refractive index of any medium is always greater than one
MAHDY ACADEMY

because the speed of light in space or air is a universal constant that equals to 3 x108 m/s

and it is greater than its speed in any other medium.

SN aMlape y9335
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. AT T
Snell’'s Law of Refraction R X oy scaneny

n, Sin 61 = n, sin 6,

ny = Index of refraction of the first medium
(Where light starts)
#, = Angle of incidence
(Measured from the normal line) Air (ny = 1.00)
n, = Index of refraction of the second medium =
L[Whnre light enters) Glass (n; = 1.52)
f, = Angle of refraction
(Measured from the normal line)

The Golden Rule pa (73

The product of the index of refraction and the ITZEE EL MAHDY ACADEMY
sine of the angle is constant across the

boundary. If n increases, # must decrease to

balance the equation.
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St gele

WHEN DOES A RAY BEND TOWARD OR AWAY FROM THE NORMAL
LINE IN RELATIVE REFRACTION?

Case 1: From Lower to Higher Index Medium Case 2: From Higher to Lower Index Medium
Air (n=1.0) to Glass (n=1.52) Glass (n=1.52) to Air (n=1.0)

Nﬂl‘l‘l’li;_'ll Line HU-I‘"I'I'&':_I[ Line

it dai I
s wera ) @Rl : Glass
. SEETE EL maHDY acapemy (1= 1.0) ' (n=1.52)

Mlm’ (n=1.52) Air
\%‘ (n=1.0)
W_Jlﬁ ¢!

EL MAHDY ACADEMY

L]
L]
|
[
I
I
I
I

Speed increases, so the ray bends away from the normal bine,

Tip: Consider a cyr moving from an asphalt road to a sand road. The first
wheel to hit the sand slows down first, causing the car to turn foward the
(similar to a ray bending toward the normal in a higher-index medium).

@ SN aMlape y9335




If n; > n, then the light If n; < n, then the light

refracts away from the normal refracts fowards the normal

o ol _.Iﬂ AR
O tes gmﬁm' ACADEMY nz




The light ray incident perpendicularly on the interface between two
transparent media does not undergo deviation because the
angle of incidence of the ray equals zero

(¢ = 0°), and according to Snell’s law (n, sing = n, sin0),
Therefore (n, sin® = 0) and consequently the angle

c 4 of remrefaction (8 = 0°).

—

.ﬂfu u-.t.n..!'l
MAH‘D‘I’ ACADEMY

Y
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i3l 2a=bjasl

JSE) 1A Juiiu.“.l:\

Air-Glass Air-Diamond

The faster the speed of light in a medium, the less the refraction (i.e, the

degree of deviation) from the path.

But what is the degree of refraction? This is called the refractive index




Juald mha JS Ao S 0 gild Ua gaba
Figure 19 When light travels

nysin 6, = N, sin 8, from air through glass and back
to air, it refracts toward and then
away from the normal.

n > n,
SO i, S0
sin @, > sin @, = == sin 8, < sin 0,
S0
31 } [‘2

SN aMlape y9335
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Air

The figure shows the refraction of alightray ~ Another Example
falling from air to glass, then exiting from
glass to air. Which of the following is correct?

0, =0, @

. & o
s m

T =
TR EL MAHDY ACADEMY IB2 — Bl @

8, =0, ©

esadll HLuSl e yans (3l ameall SN AU JUaiill (o 51
actsanill s g0 oz lajll (o cOlakians (551500 A

- N b8

LN
w11
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33T ol

I

I

1l i
A el : v

FEESE EL MAHDY ACADEMY g/

1

i

el

| o]

'

i

i

04

]

I

:

Critical Angle: 6, = 6, 6r < 6

Total Internal Reflection®G ¥P(Ray travels along Normal Refraction
0, > 6, e .ieaa the interface) (to outside): 6, < 6,

SRR EL MAHDY ACADEMY

Critical Angle: The angle of incidence in the medium with the larger refractive index that
corresponds to a refraction angle of exactly 90 degrees.

Total Internal Reflection: The incidence of a ray from the medium with the larger refractive
index at an angle greater than the Critical Angle, resulting in complete reflection back into
the same medium, such that the angle of incidence equals the angle of reflection.

. SN aMlape y9335
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JoiSall gl ... ..... critical angle

Refracted

K¢ \
= MAHOY A v

r ' Critical ray ;
& Water

1317 2 Dall
MAHDY ACADEMY

< Wa
—

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. critical angle results in total interna

and partially reflected. refteﬂyon_ which follows the law of
reflection.

Figure 21 Refraction and reflection of light traveling between mediums depend on the angle of incidence &,




] ;
8yisal
)95l gl ... puiiS 2 pdull b pUS

i L, 1!-!#"1' !--‘-H-I-"

pase EL MAHDY ACADEMY
sinf;, V{ 4, ny ;
=—= — =5sinf,

sinf, Vy, A, My

(Oalht ole)

critical angle in heigh refractive index meduim

The equation simplifies to: — = Sin 90

n
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MAHDY ACADEMY

Find the error in the figure.

Location of critical angle%@

No refraction of ray 1

Transmission of rays from water to air ©

Refraction of ray 3 parallel to the surface @
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| \gl\ Three rays of light are incident on the boundary between a glass block and air. The
e ) 9_'5#“ a“a, 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 [ 2 £ e NI
= . z ATt
war a1 ARl S a3l Dl

SRR £l MAMDY ACADEMY 3 - : FFEYE EL MAHDY ACADEMY
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Part 2;: Learning Outcomes 7-10 - Lenses

7 siad| o

. Identify the principal axis, the focal points, and the focal length of a convex or a Student Book 98~99
concave lens. Figures (28), (3 1) 98,99
Draw a ray diagram to find the image of an object located at different distances Student Book 98~99

8 | from a convex lens and determine the location and properties of the formed Figures (28,29,30) 98~99
image. Practice Prob {4?} 101

9 | Describe how a convex lens acts as a magnifier. Student Book 99
Apply the thin lens equation to calculate the image distance, the object distance, Student Book 100

. . 4 Example (5) 101

10 | or the focal length of a convex or a concave lens using appropriate algebraic practice Prob. (43,44,45) 101

. : 2 ractice Prob. a4,
signs for focal length and corresponding distances. Check Your Prog. (51,55,56) 106

PHYSICS Inspire

MAHDY ACADEMY
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Student Book
Figures (28), (31)

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

R

Convex Lenses
(Converging)

Concave Lenses
(Diverging)

R

=

IS EE-N]
MAHDY ACADEMY

* Thicker in the middle
* Thinner in the middle.

* Refracts parallel rays to a
single focal point

+ Spreads parallel rays outward

. - Focal Point (F): The common point where refracted parallel light
™ rays converge (or appear to diverge from).
/ + Principal Axis: The imaginary horizontal line passing through the
/ center of the lens. iy Erh’;ﬂv? A.::-:}:EI!:T

SN aMlape y9335
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i g

MAHDY AC v

Concave Lenses: Principle of Image Formation
8)g:a)l (2655 Tawo 8 280l Olwasll

' Rule 1: Ray Parallel to Principal Axis  swsiyll g=all jlgo ladh  Joill aactall |

bl sjlgio plads s 2l Elad
Incident Parallel Ray —»— Emergent Diverging Ray

E‘l I;:E
(F,) dappasidl 3,51
Virtual Focus (F,)

o

" Rule2: Ray Heading towards Secondary Focus digildll 5,34 g asis glaud :dulil saclall

obiopns 17

jlgis b5 glads
Incident Ray towards F, H“ HT " E:‘rgru‘:nt Parallel Ray
—_— ~a
F, L BT (F,) dsgitt 3,5
Sl jluall Secondary Focus (F,)
Virtual Path

Rule 3: Ray Passing Through the Optical Center (0) (0) g paull jSyall o fladd UL Saclill ]

PHYSICS Inspire

dsuisillg, lgale 3329 8yniinllg dsanall duwssll s auwy

Rules for Ray Tracirg in Thin Converging ds.l3l gl aclgd

Rule 1: Ray Paralel to Principal Axis: s s.etan

3
s9nall jlgo gl Passes through F
Incident parallel ray F 8,5d) e a5

Sk

Rule 2: Ray Passing Through the Focal Point

F a8l pe yau plot s ige jull
Incident ray Refracts parallel to
through F to axis

VT B

0 ne bilw glad 0 e il glodg
Incident Ray through 0 Emergent Ray (Undeviated)
-
F, F 2
. (Sl ggu) z)l> glads
(0) el jSpall
Ot Contor 10) ergent Ray (Undeviated)

Rule 3: Ray Passing Through the Optical Center

C | 355l
Passes through ﬁﬁ;ﬁdﬂ}ﬁm
optical center _ H
F F  Nodeviation

(<8ly=1 o)

Legend: =.3,j3! lazl

; b oo dusic :
Blue line = Light Ray Thlmé’onygg Lens Sy}:;h;i gamall gyl Flide

SN aMlape y9335
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Concave Lens Convex Lens (x_ > 2f)
Vertical axis
Ray L Object Ray 1
o” > Principal axis
g Ray 2
. 4 L VS, 2F .
Object Virtual F
image
—X, o
: x 1 C @ B
gy — o —
Sk Lol @aDa
P EL MAHDY ACADEMNgure 28 An object placed at a distance greater than twice the
Figure 31 An object placed any distance from a concave lens will focal length from the lens will produce an image that is real,
always produce an image that is virtual and reduced. reduced in size, and inverted.

COLOR CONVENTION

Light ray <€ > red
Object € > magenta
Image - > lilac
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Draw a ray diagram to find the image of an object located at different distances Student Book 98~99
8 | from a convex lens and determine the location and properties of the formed Figures (28,29,30) 98~99
image. Practice Prob (47) 101
s s e — - o Scenario 1: Object is beyond 2F (x, > 2f) Scenario 2: Object is exactly at 2F (x, = 2f)
1
»
e SN
2F s Image
2
f 2F, : The refracted diverge! We draw si £ .
Rays: Intersect beyond mb:;mrmaﬂ::dﬁ hﬂ}"f: Ao 1:;]1“ aw bl::' Rays: Intersect between F and 2F on the opposite side. Rays: Intersect exactly at 2F on the opposite side.
Result: Result:
Result: Result: + :
gy . - Y *_Type: Real Image * Type: Real |
B o by 20 B s »n: Inverted (Upside down) - Ortertation: Everted
« Size: Enlarged «  Size: Enlarged (This is how a magnifying glass worksl) c Reduced (Smaller) * Size: Same Size
\.—'lu—
R RT XS M|

# EL MAHDY ACADEMY

SN aMlape y9335



G 10 inspire ' PHYSICS Inspire

ol quy




G 10 inspire

Vertical axis

Object Ray 1
>

Ray 2

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.

PHYSICS Inspire

Convex Lens (2f > x_>f)

Vertical axis —

Object Ray1 Principal axis

2 e
ITETE EL MAHDY ACADEMY

Image
>

2F

Copnyright © MeGraw-Hill Eduslon

Figure 29 An object placed at a distance less than twice the focal
length but greater than one focal length from the lens will produce
an image that is real, enlarged, and inverted.
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sl

9 | Describe how a convex lens acts as a magnifier. Student Book 99

G 10 inspire

Convex Lens (f>x_>0)

Vertical axis
e >
Ried - Ray 2
- - 2 =
=Ws Principal axis
F ay 1 ]
Virtual Object F
image h—X,, =
(PR ST el o
b X EREEE EL MAHDY ACADEMY

Figure 30 An object placed at a distance less than the focal length
from the lens will produce an image that is virtual and enlarged.
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Concave Lens

Ray 1 /
>

Object Virtual F
image
xl
; & —*—3
Figure 31 An object placed any distance from a concave lens will c

st e

always produce an image that is virtual and reduced.

3231 ¢ ol
L MAHDY ACADEMY
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Apply the thin lens equation to calculate the image distance, the object distance, Stl.ldent B’gﬂk 100
10 | or the focal length of a convex or a concave lens using appropriate algebraic 2 :x::mFrl;E{dl 45) :g:
' . ' rachice Frob. M "
signs for focal length and corresponding distances. Check Your Prog, (51,55,56) 106
1 — 1 1 1 o 1 1 o
W + —-— -.-f- o -ﬂ?t.- -ﬂ?o- SEZ#E EL MAHDY ACADEMY
f X 1 xO eall [+] : Convex lens
ical length : i
: gt [~] : Concave lens Magmi?::atmu (m)
X; : image position [+] : Real image | m
—] : Virtual image Nagnitode [ Sizn (m
@ =
. giice . : | T ]
. e I, : object position [+] : Real object Im| >1] [Im|=1] [Im|<1 [+ ]
S ﬁ‘nﬂ $anl Magnification [m xi _ hy Enlarged Same size Reduced Virtual Real
Equations = To ho image image image image image

[+] : Upright image

h; : image height
* s g [-] : Inverted image

ho : object height [+] : Upright real object

13K AR
MAHDY ACADEMY

SN aMlape y9335
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| :/Convex lens
'—| :/Concave lens|

f : focal length

f sty &; : image position [+] :[Real image|
_ + —_— L3 EL MAHDY ACADEMY ___ [Vu'tual mlag

X l xo I, : object position |[+| :[Real ob_]ect]

Magnification [ as
- — Magnification (m) Equations
2! Q_i_;_: 2 ¢ a0

I ; :
anvgimem m J c ’h image helght
(Magaitude () Sign (m) . %

im| > 1] [Im|=1] [Im]| <1] -]

Enlarged Same size Reduced Virtual Real
image image image image image

MAHDY ACADE

LUpnght lmage
[Inverted 1mage]
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299 0l @1 15 ] 11 o alall) ilgh I 5 Yl il | il

*Define coherent and incoherent light.

11 | *Explain how coherent light is generated by passing monochromatic light through Student Book 112~113
slits.

12 Explain how bright and dark interference fringes are created in Student Book 113~114
a double-slit interference investigation with monochromatic light. Figures (5) 114
Apply the relation (=xd /L) to calculate the wavelength or to find an unknown

13 distance in a double-slit investigation given the other values. Stdent Book k3
Explain that constructive interference occurs at locations xm on either side of the

14 central bright band such that mA=x,,d/L ,where m=10, 1, 2... Student Book 13

* Apply the relation (1=xd /L) to calculate the wavelength or to find an unknown Example (1) 116

15 | distance in a double-slit investigation given the other values. Practice Prob. (1,2,3) 116

*Solve problems on interference of light. Check Your Prog. (13) 120




G 10 inspire ‘ PHYSICS Inspire




G 10 inspire ' PHYSICS Inspire




G 10 inspire

Single-5lit Diffraction

A contral bright fringe with weaker bright and
dark fringes on both sides.

Very wide and brightest.
Present on both sides of the central maximum.

Present, but much weaker and not equally spaced.

Intensity of fringes decreases rapidly away
from the center.

Pattern on the screen

Central maximum

Minima (dark fringes)

Bright fringes
(other than central)

Intensity distribution

Double-5lit Diffraction

Scraen
= Lol
: “]I + ) } ) \‘)”\qﬁ"*{ E- N | ,j;_.__
- I I.ij,.' :a, J, JII ;I II; | __:__"

A series of equally spaced bright and dark fringes.
Bright, but narrower than in singhe-skit.

Equally spaced dark fringes between bright fringes.

All bright fringes (except the central) are of egual intensity
{ideally).

All bright fringes have (nearly) the same intensity.
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