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h Learning Outcomes Tahle

M.

2

10

Learning Outcome [ Performance Criteria

Describe refraction of light (or a wave) as it
crosses the boundary between two different
mediums and represent that in a ray diagram,

[dentify that duning refraction, the wavelength
and speed of hight change but frequency

rermanis the same.

State and apply Snell’s law of refraction.

Caleulate the rélmactive index of 8 medium

s [
LS. = :

Define the critical angle as the angle of
incidence at which the refracted ray lies along
the boundary.

Apply concepis of refraction. critical angle. and
total internal reflection to solve numerical

problems.

[dentify the principal axis, focal points, and
focal length of convex and concave lenses.

Draw ray diagrams for objects at different
distances from a convex lens and determing
image properties.

Describe how a convex lens acts as a magmfier.

Apply the thin lens equation to calculate image
distance, object distance, or focal length.

[Define coherent and incoherent light and
explain how coherent light is generated.

Efxplain_}imi:bﬁght ani dark _intgz{t"?mﬁcc 7

Student Book Reference

Figures (18,19

Student Book

Example (4), Practice Problems
(30,32,33)

Check Your Progress (38)

Figure (21)

Check Your Progress
(36.37.39.40.41)

Figures (28)431)

Figures (28.29,30), Practice
Problem (47)

Student Book

Example (3), Practice Problems
(43.44.45.33), Check Your
Progress (51.35.56)

Student Book

i Al -Figl.m_; {ﬂ TR _
fringes areformédin a double-shit experiment./= T
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Apply the relation: 4 = %tu calculate

wavelength or unknown distances.

Explamn constructive interferénce using: md =
N dl

L.

Solve problems on interference of light.

Define and explain thin-film interference.

Define diffraction and explain diffraction of
light.

Apply the single-slit diffraction eqguation:

ZAL
2xy =—
Lo

Compare Young's Double Slit pattern with
Single Slit Diffraction pattern.

Define diffraction grating, reflection grating,

and grating spectroscope.

Explain constructive interference in diffraction
gratings using: md = dsin &

Explain how a grating spectroscope works and
its applications.

Define a frame of reference,

Calculate relative velocity in one dimension
using vector addition/subtraction.

Calculate relative velocity in two dimensions
graphically and mathematically.

Student Book

Student Book

Example (1), Practice Problems
{1,2,3}), Check Your Progress
(13}

Student Book

Student Book

Practice Problems (15,17.18).
Check Your Progress (25)

Student Book

Siudent Book

Student Book

Student Book

FigUl'ﬂ[J]ll

Figure {13). Practice Problems
(2527

Figure (13}, Example (4),
Practice Problems (28,29),
Check Your Progress (33,35)

115
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123 129
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126

145
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REFRACTION ’_}:—;

q,r‘"nl"'_ __uaa.ﬁnna \ ,,,u;'

| | Describe refraction of light (or a wave) as it crosses the  Figures (18,19) 9091
boundary between two different mediums and represent
that in a ray diagram.

2 | ldentify that during refraction, the wavelength and speed | Student Book 22 93
of light change but frequency remains the same.

3 | State and apply Snell’s law of refraction. Example (4), Practice D] 93
Problems (30.32.33)

4 Calculate the refractive index of a medium using: n = :j Check Your Progress (38) 93, D6

5 ' Define the critical angle as the angle of incidence at Figure (21) L
which the refracted ray lies along the boundary.
& Apply concepts of refraction. critical angle, and total Check Your Progness 92 9h

internal reflection to solve numerical problems. (36.37.39.40.41)

0509886279 sue pliac ¢pas i /1 n




UGN FLnal Exam RevisLon

|  Describe refraction of light (or a wave) as it crosses the boundary Figures 91
bestween two different mediums and represent that im a ray diagram. (18.1%9)

FiE "= ]

“Refraction ™ refers both to the crossing of light from one medium 1o another medium with
different refractive index, and the change of direction that oceurs on crossing the boundary

Light travels through a vacuum at a speed ¢ = 3.00= 10" m/'s / E[
Light travels through materials at a speed less than its speed 1n 4 vacuum,

|. When a pencil is placed in a cup containing water, the pencil appears broken at the
surface of the water, as in the figure. What 15 the name of the phenomenon that explains

(@ The mirage phenomenon (B0 Total internal reflection phenomenon  this  © F
(€] The refraction phenomenon  (d)  The reflection phenomenon observatitin?

g

2. It is the phenomenon of a sudden change that eccurs in the path of light rays when they
pass at an angle through the surface separating two different transparent media.
What is the name of this phenomenon?

(@) The mirage phenomenon @ Total internal reflection phenomenon
&) The refraction phenomenon () The reflection phenomenon

When light travels from a mediom with a lower refractive index 10 @ higher one:

The speed of light decreases.

« The wavelength shortens.

The frequency remains unchanged.

The light refracts toward the normal,

The angle of refraction is smaller than the angle of incidence.

When light travels from a medium with a higher refractive index to a lower one: (2 |/

»  The speed of light increases. LS
= The wavelength becomes longer. \if
s The frequency remains unchanged. e +
=« The light refracts away from the normal. -}\
= The angle of refraction is greater than the angle of incidence. i .
o -
When light strikes the boundary between two media pl.r[wndluliﬂrh
it [lﬂ!iﬂ"'i- ﬂtruzght thru-ugtl w]l:huut rel'rhmun. ! 4
. J Y | - A
i F r o i __" . .'-l:r | ; T = Fana
-'-1.-:.|.". T """" :
"': Wl tefte i - o }
H st B, ! i
RN, | Ak -
x Lm%eez @w 3 iciplss
ti Frad l:“ {‘,-ﬁ i =
l"l‘-l A & puralet bewnof &g : Naph od
hngie ol

rlamisn D s—
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J. What happens to the refracted beam when hight passes through air to glass and then back

o air?

Hint: n glass > nair
@ It refracts away and then toward the normal.
i Ttrefracts toward and then toward the nommal.
el Itrefracts toward and then away from the normal.
i) Ttrefracts away and then away from the normal.

4. The Figure shows a light ray traveling from the air to a transparent medium
{ AJand to another transparent medium (B), at the same angle of incidence.
Which medium (A) or (B) has the speed of light greater?

@ Medium{A) b Medium{B) M
(@) It depends on the speed of light in air d) Speed of light does not depend on the medium

5. The Figure shows a light ray traveling from the air to a transparent medium (A) and to
another transparent medium (B), at the same angle of incidence.

Which medium (A) or (B) has the greater refractive index? \Q;\'-" \{\ e
@ Medium(A) B Medium(B) e

€) It depends on the speed of light in air  (d) Speed of light does not depend on the medium

6. What happens when a light ray travels from air (n=1.0) into water (n=1 .3)?

p—

=¥ The ray bends away from the normal, and the speed decreases
(b The ray bends away from the normal. and the speed inereases

(€} The ray bends toward the normal, and the speed decreases

d:  The ray bends toward the normal, and the speed increases

=1

. What happens when a light ray travels from Diamond (n = 2.42) into air (n = 1.0)?
(&) The ray bends away from the normal, and the speed decreases

(b} The ray bends away from the normal, and the speed inereases

(€} The ray bends toward the normal, and the speed decreases

i The ray bends toward the normal, and the speed increases
%, Aray of light traveling from air into several mediums as shown in the figures bellow.
Which medium has the greatest index of refraction n?

"

@ nAznfznl>pd @ - >nbewnf >l @ pl>nfi=nd >4 @ nd > nff > o0 > nb
3 eI vD SR o > BB D oB ool S 0 S d vA > vE > pC > 0D
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9, The diagram shows light incident at a glass—air boundary. The angle of incidence (of the

ray 1s less than the critical angle.
Which line shows the path of the light after it meets the boundary?

Glass B
] Iricard ray
of laghi
. kg
(@) A ) i
() B (e D

10, The diagrams compare refraction from air into water, glass, and diamond

Which statement is correct about the refractive index?

LR A P ddi-Glass b -k e el

Sidt | W i Likind E. LS aniinind L1
18y Movanir < Mgl = Mefiamond Jj" Mylass = Myater = Miamond
L M dinmand < ”:;hls:- < Thyater @ Thyater = TT:,'I:.-is = Mgiamend

11. The light ray enters glass at angle &, and leaves at angle 85.

What is true about 8yand 857

@ g, =0 ® 6; > 6
© 0, <8 @ 0, =6 “nfy

A light ray is incident perpendicular to the boundary separating two transparent media
with different refractive indices.

12.
Assume that n, > n,
Which of the following relationships correctly descnbes the incidence angle (8, Jand the

refraction angle (8,)7

ﬁ | = i !'._].,12 { B= /. = 90" A, ,ﬁ_ “!
& Pl By L | =gy 20| L L L DL

auc pliae ranglae /i

| 7 | 0509886279




PHYSICS_INSPIRE_EOT Exam Coverage ' 1@RDV
13. Which diagram shows how a ray of light could pass through a glass block in air?

4
f
I E!___l

H +
glass - - /

glass .

= glass —_ / o

glass -

7

2 ldentify that during refraction, the wavelength and speed of light Student Book 92 93
change but frequency remains the same.
Wave Model of Refraction

. Before entering the new medinm (air — glass): CUNg
»  The wave fronls travel at a gher speed m air.

The wavelength is longer in air.

L _ 1% . ‘!.
As light enters the new medinm (glass):
L]

L]
-

—— S

The wave fronts that have slready entered the glass move slower than those still in air.

This causes the wave to change direction — this is refraction.
Inside the new medium:

o

et
The wave fronts slow dewn due to the higher refractive index.
[ ]

3

The wavelength becomes shorter because the speed of light 15 lower,
L]

The frequency remsins constant (it 15 determined by the source and does not
change across media)

A B * il
1] 3
Fighn ray _:-"-.::’,-:'_’E_g'nr 1 5 .
kgL | b ; -
wmgingrie My 1 N | ¥ s
ot -‘"'-.-,-:-“- : f.}f,‘
e )
.-"'"- .-"'-- .--'F"d"r"'
air L ¥ ,.-"'- -
L] ——

|
11T
I
I|II|IIII Il:llll

ok sl |'||||-_.|.“ 1

o '--_d-l-li-r fioe oF Bghi
':'r‘. T —wrankonis

0509886279 sue pliae ¢pas i /| “
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14. Water waves may be used o demonstrate refraction B
by making them pass into water of a different depth. '
Why does the water wave change direction as it
passes into the shallow water? g
(@) The speed of the wave decreases. B} The spead of the wave increases.
(€ The frequency of the wave decreases.  (d)  The frequency of the wave increases.

15. A hight beam with frequency §and wavelength A travels from one transparent medium to
another. If its speed in the first medium is vy and its speed in the second medium is va,
which row in the following table correctly shows the frequency and wavelength of the
beam in the second medium?!

How Frequencyin the Wavelengthin the .
second medium second medivm |
f/2 h -

& i 7.
@ f A ' o

Al2

&

16. A hight beam with frequency f and wavelength A travels from one transparent medium to
another. 1T its speed in the first medium is v and 115 speed in the second medium is va,
which row in the following table correctly shows the frequency and wavelength of the

beam in the second medium? |

Row Freguemncyin the Wavelengihin the I I o i - .'. |
seconi] medinm second medinm l [ ] A
£r2 ) : : - |

eaee e

| o | 0509886279 aur pliae cpanglae /1




PHYSICS_INSPIRE_EOT Exam Eﬂvar‘aga! 10R0DV

3 State and apply Snell’s law of refraction. = Example (4), Practice Problems (30,32,33) 91-03

Snell®s Law
The product of the refractive index of the incident medium and the sine of the angle of
incidence is egual 1o the product of the refractive index of the refracting medium and the sine
of the angle of refraction: Hedracted
ray
gy N

nlsindl = n2sind2

Quantities and Units

Symbol  Cuantity 51 Unit
nl Index of refraction of the incident medium | Unitless
i1 Angle of incidence Degrees (not an 51 unit)
n2 Index of refraction of the refracting medium | Unitless
oz Angle of refraction Degrees (not an 51 unit)

L. Important note:
All angles are measured with respect to the normal (the perpendicular to the boundary
between the two media), not from the surface itself,

17. As shown in the figure, a light beam travels from air info a selected medium

Based on the angle of refraction and the relfractive index values, what is the medium

used? Table of Refractive Indices:
Medium  Index of
Relraction
Water 1.33
Alr Ethanol 136
Eirstein_ AL Quartz 1.54
Diamond 2.42
@ Quartz '  Diamond (), Water !  Ethanol
18, According to the figure, what is the velocity of light in the glass? it e
el
(& 1.4 10F myv's B 424 10° m/'s e
{c) 3.0= 10" mfs i 2. 1= 10" m's £

19, The figure shows a light ray traveling from air to @ transparent medium, Using the
attached table; What is the transparent medium through which the light ray travels?

P 3
N-\ﬁ: . Transparent Medinm  Refractive Index (n)

Pt ot NS A 1.00
: | y ;'Z:_-i1 'lli- , wﬂlt‘r- AF _ :_,]3
i SOy R B SIS V1) |
el Diamond’ 247
@y  Water B  Diamond ® Glasg @  Air

0509886279 sue pliac ¢pas i /1 m
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20. The diagram shows a ray of light passing from air into diamond.
What 15 the refractive index of the dismond?

@  0.%9 & 1.1
© 24 g 2.5

21. A ray of light is refracted as it enters air from glass, as shown.
What is the speed of light in the glass? air

e, T

=
& 2.0% 10° m/s {h) 2.3 % 10°% m/s
c 2.2 % 10" m/s (d 2.7 % 107 m/s

4  Calculate the refractive index of a medium using: n = i Check Your Progress (38). 93,96

DEFINITION OF THE INDEX OF REFRACTION & (or refractive index)

The mmdex of refraction of a material is the ratio of the speed of light in a vacoum to the
speed of light in the material; Unit Analysis
Speed of light in vacuum e metres per st

it = S].‘E'l-:'d Uf ”.ghl. 111 “_H: T'I'E?:'llli."l‘iﬂl = ; metres ner seeond
22, What quantity do we get when dividing the speed of light in a vacuum by the speed of
hight i a medium?

= no unit

(@ the wavelength of the light in the medium &)  the index of refraction of the medium
(€} the frequency of the light in the medium  (d) the eritical angle

Motes:

The refractive index is always greater than 1 for any material other than vacuum.

The speed of light decreases when it travels from air {or vacuum) into any other medium

! Mr b
e
Thi spesd of light tarough alr 5 about 3 =107 s S]'Il.‘{'l] of Light in Different Media

Medium Refractive Index (n)  Speed of Light (v)

sy Yocom | 100 3.00<10° ms

ittt AU VBT 1.33 2.27=10" mi's

The speed of Hght through water i about 227 = 50" m/s. E'l'_hﬂﬂlll 1.36 2.21=10F m/s
Float glass  1.52 1.97=10° m/'s

Quartz 1.54 1.95= 10" m/s

aw Flint glass  1.62 |85 10° m's
e TTTE—— Diamond : 1__41 Sy - : 1. 25= 10 s

Thie dpeed of fight Ibl:l:l.é;-l'l. gl b :'I-L'-n.r.lt-'s._'EIFE :Tilli.'l9 s :\'ﬂtf: Fa Ty ,
et T o+ Frequency never changes during refraction
Daanond . because 1t 13 determined by the source.
— »  The change in speed causes the change in direction

The speed of Bght throwgh diamond is about 105 =10° mes._ and "ﬂ'ﬂ-"{c!lr‘l'_lgt_hr :

| 11 | 0509886279 auc pliac Qgas i /i




PHYSICS_INSPIRE_EOT Exam n::mraga. 10RDY

23. The speed of light in diamond is (1.24 x 10% m/s). What is the index of refraction of
diamond?

@ 0042 B 0413 € 1.24 dy 242

24, If the speed of light in a material is 2.5<10" m/s, what is the refractive index of this
material?

(&) 1.0 B (.53 € 1.5 i 1.2

25, What is the speed of light in 8 mediom with a refractive index of 2.0, if its speed in
vacuam 15 C7"
@ 4 ® C © @ 2C
26. What is the speed of light in chloreform {n = 1.51)7
@ 453x10'mis B 1.99x10%m's &€ 250x10°mis @ 3.00x10° m's
5 Déefine the critical angle as the angle of incidence at which the refracted  Figure (21) 94
ray lies along the boundary.

Important Notes:

R, ke g
Al (mp @ 1, 00 4 i )
! ! | 7 !_ | _|
AR | 2] i - -
LSt ] LI =] 1 |“'|Im
Iy - i Ve
i =
LY 1] c
naarmeal nomsl ML nareral
nq-l-,..-":lurrl.:ll.u e rafr mcim I
b Ty . PHITREZRS rEy
|r.-l-|1| H“"'\-\.\_ T e
g & T
= i ‘-\-"'-\._
S -r-r-:l- o : - e Igl & ez T A [ T
rm
r-l-huun rirg i ooy
incElart rey

I. I the angle of incidence 15 less than the critical angle, refraction occurs.
IT the angle of incidence is equal to the eritical angle, the refracted ray travels
along the boundary between the two media,
3. If the angle of incidence 15 greater than the critical angle, total internal
reflection occurs.
27. The diagram shows light incident at a glass—air boundary. The angle of incidence {of the
ray 15 greater than the critical angle.

Which line shows the path of the light after it meets the boundary? .
aie -_q""'"-h_

rd

0

T b el 9 s e S L O bty MRS AL ASA A, | B .
(e B (i D= : ot

0509886279
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25, The figure shows a ray of light (PO) passing from water into air.
(nven the reflechve indices of nwater = 1.325 ,nair = 1.0

which 15 the correct path of the ray?

@ POW B POV
(¥, POU () POT

20, The figure shows a light ray passing through a transparent medium. If the refractive index

of air (n.} = 1.0, calculate the refractive index of the transparent medium,Je=w= i

n=131 B n=08I

[é;: =
@ n=169 @ n=19l \‘{—_ﬁ“\ j
I

30, What happens to the light ray when it falls from water to air at an angle of 5009
(Given: n_air = 1.0, n_water = 1.33)

@) It refracts in the air at an angle greater than 507 (B) It reflects totally intermally
(@ It refracts parallel to the surface id) It refracts in the air a1 an angle less than 50°

31. Which path represents the correct behavior when light moves from a medium with a small

refractive index to a medium with a large refractive index’? D &
e i
'\u. 1
'a) | ) i, ity L (6
. o s .
& 3 d 4 A A o
o (
] n

32. The diagram shows a ray of light incident on the edge of a picce of glass. The ﬂl]_g,h.‘.i s
greater than the entical angle.
Which armow shows the direction of the ray after it leaves the edge of the glass?

o normal
_ b ; :
@ A B C \\! /
@ B ] 0 e ol

" L1
"g" i T,
L=
L - &

33. What is the angle of incidence at which the refracted ray travels along the boundary’,
between two media called?

() Angle of dispersion (b Angle of refraction (€} Angle of reflection (d) Critical angle

[ 12 | 0509886279 asc pliac craslac /i




PHYSICS_INSPIRE_EOT Exam Eﬂvar‘agag 1@RDV

6 Apply concepts of refraction, critical angle, and total Check Your Progress 0296
internal reflection to solve numerical problems. {36,37.39,40,41)

34. The figure below shows light rays emitted from a luminous source located in water.

Given that the refractive index of water is nl=1.33,

Hir G
Wt Tay = 1,391

(1) What is the value of 8,7

@ 60" b 48° c 40.63° () 50°
(2) What is the value of 8,7

(@) 60" (hy 48.8° @ 90 (d 32°
{3) What is the value of &,

A 60" ) 48.8" (G} af d) 50"
Critical Angle

The critical angle exssts only when hght travels from a medium with a higher refractive

index to a medium with a lower refractive index.
gin 8, = :!i
1
s From glass to water:
Glass has a higher refractive index than water, so a critical angle exists.
»  From water to glass;
Water has a lower refractive index than glass, so no critical angle exisis.

The critical angleé for light passing from a glass block into another medium is 45.0°.
What is the refractive index of the medium into which the light travels?
{ Assume the refractive index of glass 15 1.41)

(@) 1.73 Y 1.41 () 1.20 ) 1.00
35, When does a eritical angle occur?

@) From low to high refractive index (6; From high to low refractive index

() In vacuum only () Im all materials

36, Which transition can produce total internal reflection?

Matenial  Refractive Index (n)

Air (1000 | S 4, (11

Water (AT L5 (o) | [©) & USRS

Glass | (1.5B— RN R

@ Air — Water @ Air — Glass (€] Glass — Air (d Water — Glass

0509886279 sue pliac ¢pas i /1
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37. Why 15 there no critical angle from water to glass?

(@ Woater absorbs light (B) Light is entering a denser medium
(€ Glass is transparent (d) The angle is always zero
Total Internal Reflection ety 1 a=131 ]
Optical fibres use total internal reflection to keep light inside the core. ,-"rf N R, -l‘.'fl::-'f-f'
The cladding must have a lower refractive index than the core. :' | o e
e Quartz has a lower refractive index than float glass e

= Therefore, quarz is better for the cladding. g (Cladding)

8. Why 15 quartz suitable as cladding?

(@ It has a higher refractive index B It reflects all colorg (Slass fiber)
(g} It has a lower refractive index id) It absorbs light

39. Optical fibres work based on:
{@) Polarization (B} Total internal reflection (€} Interference (d) Diffraction

40, The diagram shows an optical fibre with a core refractive index of n, = 1.50and cladding
refractive index of n: = 1.47.
Calculate the critical angle 8 for total internal reflection at the core—cladding boundary.

6 ® 80’ =
) 78,52 ) ag

Speed of Light
The refractive index 15 related to the speed of Light by

[
n=-
L
Since light travels fastest in vacuum:
= |

If n < 1, this would mean light travels faster than light in vacuum, which is not possible in

normal materials.,
41. What does the refractive index depend on?
@) Densityonly (0 Speed of light in the mediom @ Coloronly &)  Temperature only

42, If the refractive index increases, the speed of light in the medium:
@ Increases b Decreases (&) Stays constant ) Becomes 7ero

43, Why can the refractive indef fiot normally be less thawd?
@ The spmi of' hght i the medium i is grrzﬂrenhan in :-fac:tmm
th  The a[h-!ﬂil of hg]'lt in the mmi}uﬁi i less than in vacuum.

() The speed of light in the medium is equal to the speed in vacuum.
i The speed of light becomes zero in the mgdium,

[ 15 | 0509886279 e pliac Qgasdlac /i
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,  CONVEX AND {
¥ CONCAVE LENSES

i Identify the principal axis, focal points, and Figures (2%).(31) 08 o0

focal length of convex and concave lenses.

i Draw ray diagrams for objects at different Figures (18,29.30), Practice Problem 95 101
distances from a convex lens and determine (47)
image properties.

G Describe how a convex lens acts as a magnifier.  Student Book L
10 Apply the thin lens equation to calculate image  Example (5), Practice Problems 100 106
distance, object distance, or focal length. (43.44.45.33), Check Your Progress

(51,55.56)
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7 ldentify the principal axis, focal points, and focal length of convex  Figures 9599
and concave lenses, (28).(31)

Principal Axis

The straight honzontal line passing through the center of the lens.

Foecal Point (F)
The point where light rays:
»  Convex lens: parallel ravs converge after refraction.

s«  Concave lens: rays appear 1o diverge from after refraction.

¥

ghtray 1t ertical axis

Vi

> light ray 1 .

%
object point |'r object | .

| -
1""1‘ Fi ll\?/lll F P Fi oLl A‘& F: P

principal axis

, L |
- objectpoint o

p
0
b,
¥

Py Fy

"‘1-\._\_\_‘_\___'_'_,_,.;-""

i
i
i
[]
]
L]
i
i
i
i

[]

I
1

I¥3 V¥a

Focal Length (f)
[he distance between the center of the lens and the focal point £.

| = distance between lens center and focal point F

44. A student draws three light rays stafiig from pu:i;m (P} thr'nur_'xh i cosivex lens.
Which of the ravs 15 drawn incormectly? I

@ Ray (Xrand Ray (Y) (B Ray (¥) and Ray (7). | H'"“*-;;."."-----. B0l
€ BaviXyonly : il RayiZyanly =M =
n.ﬂl._.f -

[ 17 | 0509886279 aue pliac craslac /i
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45. Which of the following ray diagrams 18 incorrect?

= e

@ —=M L8\ Iy © g @ Y
L- - ﬁ = _ A
|

! | T
— R SR T
_ Ash : .

46, The diagram shows a ray diagram of a lens forming an image of an object.
Which of the following represents the focal length of the lens?

'\-\.f . k""\-,\_\.
'""H.__H_ s ¥
@ A ® ) C S <J
(3] B d D G
i B % [ 13 ' k.
47, In the diagram, the distance OP is the focal length of the converging lens. One ray of light
from O 15 shown. conerging lers
Through which point will this ray pass, afler refraction by the lens? '| .
LE
(&) A b C o~ P b B
(c) B d D
Tl angge Iecaal lisrgits
L
']

48. A paralle] beam of light falls on a converging lens.
Which diagram shows what happens to the beam of light?

(d)

0509886279
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8 Draw ray diagrams for objects at different distances
from a convex lens and determing image properties.

Imagps

Back

T
-

Front

Configuration: object at infinicy; point image at F
Applications: burning a hole with a magnifying glass

Figures (28,29,30), 98101

Practice Problem (47)

-8

Ohjsct
Imags

n\ PN [ 2F  Beck

Configuration: object outside 2F; real, smaller image
between F and 2F

-i“
-
oy

Appll:q:-..u'r-un:.- lens af 3 carmiera, hasman {!:ﬂ_‘!hﬂ" lan%, and
abjective lens of a refracting telescape

irjacs

e —
\ 2F
Fromt 3 F F S Back
Emags

Configuration: ocbject at 2F; real image at 2F same size
as object

Applications; inverting lens of a field telescope

Oibject |

Frort 17 .5

M 2F Bach
\% I e

Configuration: cbject between F and 2F; magnified real
image outside ZF

Applications; motion-picture or slide projector and
objective lens in a compound micrcscopa

Back

Fromt

[

Configuration: object at F image at infinity

Applications; lenses used in lighthouses and
searchlights

Emags | -
.‘_r |
i - I |

Frant F F F Back

C-nnﬁgurmhn: |:|J;|1-|:c|; insicle F;magr\-i'ﬁvl:d wirtual 'rma,gr:
on tha same side of the lens as the object

Applications: magnifying with a magnifying glass; eye-

piete lens of microscope, bingculars, and telescope

aur pliac ranglae /i
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Object Position xo  Image Position Side of Image Image Size
Image Properties
At Infinity AtF Cipposite side | Real, Inverted Highly
Reduced
Bevond 2F Between F and 2F  Opposite side  Real, Inverted Reduced
xo = 2f
AL 2F AL 2F Cipposite side | Real, Inverted Same Size
xo=2f
Between F and 2F Beyond 2F Opposite side | Real, Inverted Magnified
f<xo<2f
At F AL Infimity Mo image formed
x0=T {rays are parallel)
Between F and Same side as Same side Virtual, upright Magnified
Lens object
xo=<f

#  Images Formed by Concave Lenses

The image properties do not change, regardless of the object's position.

Image Characteristics: CBject anywhars | v SNEpp—
+  Virtual e e i
« Upright R
- H:I':mtlnr than the object & ] - Hh-"'--_‘_ >
Image Location: e R = et
s  On the same side of the lens as the object =
s At adistance less than the focal length .

5. An object is placed near a lens, as shown m the figure. . : ‘

Which of the following diagrams comrectly shows the image formed by the lens? |

0509886279
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51. When a candle is placed in front of a concave lens as shown in the figure, an upright,
virfual, and diminished image is formed. If the candle is moved farther away from the
lens,

what happens ta the image formed by the lens? Lo =
- |
@  The image becomes inverted, real, and magnified
(it The image remains upright. virtual, and diminished
€ The image becomes inverted, virtual, and magnified
@}  The image becomes upnight. real. and diminished
52. Which diagram shows how a converging lens is used as a magnifyving glass?
i =) 3 Il
. L .|J. oY -
- =] = J
1 ol ﬂ
L I:I'_t_.l_'r'_.' o X
i

33, An object O 15 placed close to a thin converging lens.
The diagram represents three rays from the top of O passing through the lens.
Which tvpe of image is produced by the lens when the object O is in tpis position?

@ real and diminished =
B real and enlarged 1 =| l
€l wvirtual and dimimished

i} wirtual and enlarged W

54. A lit candle is placed in front of a convex lens at a distance greater than twice its focal length, &
shown in the disgram. A sharp image is formed on a sereen placed on the opposite side of the lens,
Which of the following carrectly represents the image formed on the soreen as seem by an abserver?

@ b q © d - o
l I i ] t : “ @ Q;:u BBn
4 . % :

[ Tk ls
| 4 " u JI" i
55, a candle is placed in front of a convex lens at twice its focal length (21), as shown in the
diggram, A sharp image 18 formed on @ sereen placed on the opposite side of the kens.
Which of the following vorrectly represents the image formed on the sereen as seen by an observer?

il el s
[ ] Caar lpeg
@) o !\ ({E) : £ ol id A % |
- i b I&
mu-r;'!r

[ 21 | 0509886279 auc pliac Qgas i /i
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56. What are the image charactenistics formed for the object shown in the figure?

(& Enlarged and real

1 Enlarged and upright I
(€} Enlarged and virtual *, F,
i} Reduced and inverted

|
I
I
]
]

Fy iF,

-

As shown in the figure, an object is placed in front of a convex lens. Determine the location
of the mmage (1f any).

(&) Position B

(bl Mo image is found A o F=—p e
(€} Position D - :\x\\
id Position A —-

As shown in the figure, an object is placed in front of a concave lens. What happens to the

image as the object gets closer to the lens? .
@) Stay the same /

e
(b Appear behind the lens r ~——
(€} Become enlarged .

. - - — =
Py

- [}
¥ IJ#
il Become inverted

B i | e el

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

A convex lens acts as a magnifier when the object 1s placed at a distance less than the focal
length of the Jens { x, < [ ).

Convex Lens (f>x >0}

— Weillcal axis

B e e — e e
In this case, the lens forms a: v

Xg < f

« virtual image - Principal axis

FJ' 'H:l'1 ‘...*-"‘_

» upright image Virtual Object F
: mane -l
« cnlarged image =

R et [ — . W -

on the same sids of the lensas [htlﬂi:ljl:ci. o Cor IR+

57. When does a convex lens act as a magnifier?

@ x>20, O > xo=2 | @ ks @l w=f

0509886279 sue pliae ¢pas e /| E
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58. When a convex lens 15 used as a magnmtier, the imapge formed s

@)  Real, inverted, and reduced b Real and upright

€ Virtual, upright. and enlarged ! Virtual and reduced

59. An object is placed in front of a converging lens, The lens has a focal length £
The lens produces a Virtual, enlarged image of the object.

In which labelled position is the object placed? A < c o Ilﬁl, s
1 " i
@ A b W I T T T i
() B (d D ! e *;II
S T T

60, A convex lens acts as a magnifier when the object is placed at a distance x, < ffrom the
lens. What is the magnification of the image in this case?

@ 1 b s (el 0.2 i 0.5

| 23 | 0509886279 aue pliac raslac /i




PHYSICS_INSPIRE_EOT Exam Eﬂvar‘agag 10RDV

10} Apply the thin lens equation to Example (5), Practice Problems 100
calculate image distance, object (43.44.4533), Check Your 106
distance, or focal length. Progress (51.55.56)

Thin Lens Equation

The inverse of the focal length of a spherical lens is equal to the sum of the
inverses of the image positton and the object position.

X 3

Foxi xo

%, = object position (distance from the lens)
X = image position (distance from the lens)
f = focal length of the lens

Mote:

s  For convex lens, the focal length (f) is positive,

o  For concave lens, the focal length (F) is negative.
Magnification m
The magnification of an object by a spherical lens, defined as the image height divided by the
object height. 1s equal to the negative of the image position divided by the object position.

. . il =xi
Magnification (m) = =

Where:
« hi = height of the image
= ho = height of the object
» Xi= image distance
» x0 = object distance

Ihe behaviours of convex and concave types is opposite in mirrors and lenses.

Lens Fuocal Dhbject Image distance (x;) Height of Height of image (H;)
length () distance Real Virual | object (Ho) Real Virtual
(Xa) (Inverted) {Upnight)
Convex Positive Positive Positive Megative Positive Megative Positive
() (+} (+) -} (+) i) (+)
Concave Megative Positive Image does | Megative Pozitive Image does Positive
(=) (+) niat fisrm =) [+) nod form [+}

6l An ilnuge_c{ifau__ub-‘ieq Wis I’dm{n_ed using-4 convex lens s shotwn inthe adjacent figure.
If the object's height i5-3.0 em, whit |s_t_hc'Iw_ight.fgs_;fhe_-hﬁ_r;'ge-'.’f_- = ?_-",' | o .

A 5.0 em - 1.0 cm I 4

@ ) £ % o > |

(C) 5 ; @) - ~_% ) :
© 1.5 em | id EI cm . | =~ %“K

0509886279
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62. The diagram shows a converging lens forming an image of an object.

What is the focal length of the lens? 2 g L
@ f e 90 cm i [ 50 cm -!"f-"'u.l"mﬁ,h “, {
(g f=72 cm i f=40¢cm S \\ r—-’
- -, b
- . ™ om
3. The diagram shows how an image 15 formed by a converging lens. Zoom Blem 28am
1 7 L = 5 T —
What is the height of the image (hy) formed in the diagram? £ :E“‘m ™,
- ] 1
a) 0.34 em -EJ 224 ¢m e il L
IE_F,- 1.03 cm @_’j 233 cm [ T “‘{j'?
i i i =
e e RSk L
fed. An object is placed at a distance of 90 cm from a convex lens with a focal length of 30,
Calculate the image distance x;from the lens.
@  90cm B 3cm €l &bem di  45cm
5. A rescarcher observes a bee using a Converging lens. [f the bee is placed 12 cm from the
lens and a virtual, upright image 15 formed at a distance of 20 cm from the lens,
whalt is the focal length of the Converging lens?
(a) +7.5 em (o -3 em
(e =12 em i) +30 em
B What is the image position for the situation shown in the figure?
&
@ 600 m i D167Tm
© 1.20m W 0.E33m s o e, o F
1
—— 300m
Example (5) {
An object 15 placed 32.0 emirom a convex lens that has a foeal length of B.0 em.
1. Where is the image formed?
2. If the object is 3.0 cmhigh, what is the height of the image?
3. What is the orientation of the image?
m 0509886279 2 pliac gas gluc I
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43.A 2.25-cm-tall object is 8.5 cmto the left of a convex lens whose focal length 15 5.5 cm.
Find:

« the image position

« the image height

44.An object near a convex lens produces an image that 1= 10.4 cmfrom the lens and inverted.
It the focal length of the lens 15 6.8 cm, determine:

« the object position

« the image height

45.An object is placed to the left of a convex lens with a 25-mm focal length so that its image
15 the same size as the object.
Determine:

+ the image position

« the object position

51. Image Position and Height
An ohject 15 placed 1.5 mfrom a convex lens with a focal length of 1.0 m.
Lise the thin lens equation to determine:
« the distance of the image from the lens
o the image height
[f the object height 15 2.0 m., determine whether the image is;
» real or virtual
« inverted or upright

0509886279 sue pliac ¢pas i /1 m
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55. Image Position and Height

A 6.0-cm-tall object is placed 5.0 cmfrom a convex lens with a focal length of 4.0 cm
Draw a ray disgram to determine the image location and size.

Confirm your results using the thin lens equation and the magnification equation.

56. Diverging Lens

A 6.5-cm-tall salt shaker 15 viewed through a diverging lens with a focal length of 5.0 ¢m.

a. If the shaker is 6.0 crafrom the lens, what is the image distance from the lens? Is the i['!]':l_l;y-
virtual of pesl?

b. What 15 the magmiication? Is the image smalleror larger than the object?

¢. The =salt shaker is now 4 ¢mfrom the lens. What is the distance of the image from the lens?
What 15 the magnification? Is the image now smaller or larger than the object?

[ 27 | 0509886279 aue pliac craslac /i
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o

= k-
| 4 __________...-———___

[efine coherent and incoherent light and
explain how coherent light 15 generated.

Explain how bright and dark interference
fringes are formed in a double-slit expenment.

- xd
Apply the relation: A = —o calculate
L
wavelength or unknown distances,
Explain constructive interference using: md =

Kl

L

Solve problems on interference of light

Define and explain thin-film interference.

XOAKK

Student Book
Figure (5)

Siudent Book
Student Book

Example (1 ). Practice Problems
(1,2,3), Check Your Progress (13)

Student Book

i

SO Lesson 1 SRR
" L INTERFERENCE

12-113

113 114

115

16120

17
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Define coherent and incoherent light and explain how coherent light  Student 112-113
is generated. Book

Coherent Light
Coherent light 15 light made up of waves that;

et it . T e N W o
. have the same wavelength W

. are in phase with each other LASER: One calor § Drcuiatic} ind wives in phase (Soberent)
A regular wavefront 1s produced by coherent light.
Examples:

. Laser light

» Light from a simgle point source

Incoherent Light
Incoherent light is light made up of waves that:

. have different frequencies

. have different wavelengths

- are nol 1n phase with each other j
P Benlight {many dilforont colom)

White hight from a light bulb s an example of mcoberent light.
Monochromatic Light
Monochromatic light is light that has:
. one frequency
. one wavelength

LED: one cobor {manachromatic) and waves sor in phase {non-cohereni)

However, the waves are not necessarily in phase.
How Coherent Light Is Generated
Coherent light can be generated using:

. a laser

. a single point source

67, These sources produce waves with the same wavelength and constant phase difference.

Which of the following table rows correctly describes coherent light waves in terms of
wavelength and phase?

Wavelength Phase »
(@) Have the same wavelength  Not in phase : .

@ Have different wavelengths In phase

(€} Have thtﬁ;ﬂlcwavclcngthi. In phase. n .
i) Have different wavelengths || bﬁll:r_tljn phise G AR

’ 3 lh{ghll-r__-mll'l'tl'pw_.l : l| Cabussnin 'Wave
68. Which hight H:!.HFEl:-Tm;l.I.LEL‘::i Waves El]ﬂ.f ::lr-& |nphﬁ*u: ﬂn;:i h;'-.-'u. ""il: l...u'h: wavelength?
Which of the following sources can produce coherent light™”
@ o Laser : b Capslle

@ CAhight bufy =2 s .smigm-_:_'.':

[ 29 | 0509886279
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|2 Explain how brght and dark interference fringes are formed in a Figure (5) | 113-114
double-slit experiment.

Bright Fringes (Constructive Interference) Constructive interference
Bright fringes are formed when:
« the two waves arrive in phase

e Crest meets crest

« trough meets trough

The amplitudes add together, producing maximum intensity {bright bands).

Condition for bright fringes:

wihiere:
« Al= path difference

« m= order number (0,1,2, ... )
« A= wavelength
Pestructive interference
Dark Fringes (Destructive Interference)
Dark fringes are formed when:
« the two waves arrive out of phase

s crest meets U'mlgh

The amplitudes cancel each other, producing minimum intensity {dark bands).

Condition for dark fringes:

I il i
invarfansnca

. 1 .
AL = (m-i-:_;:l i
' Dk
Bngha
Dhark
Girlgha
Mark
Drigha
(LTS

Important Notes

» The central bnight fringe occurs at m = (.

» Bright and dark bands altemate on the screen.

»  Coherent manachromatic light is reguired for.a stablepattem.

69, What is the typeof imerference?

0509886279 sue pliac ¢pas i /1
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70. What band resulted from the interference shown in the image?

Sourca 1 m
4. Random bands b. Durk bands p o m /\/’\J

¢. Bright bands d. Dim bhand sSuperposition

71. What band resulted from the interference shown in the image?

a. Random bands b. Dark bands SOAUTOE: ] \/\/\

¢. Bright bands il, Dam band Superposition
Source 2 /\/\/

72. In Young's double-slit experiment using monochromatic light, the imerference pattern

consists of:
Dark Bright
(destructive (constructive
iNnterfarancea)

interfe rrance%

a. A bright central band with alternating dark and bright bands on either side.
b. A dark central band with multi-coloured bands on either side.

¢. A dark central band with altemmating bright and dark bands on cither side.
d. A white central band with multi-coloured bands on either side,

73, The figure shows a top view of a double-slit investigation, Which of the following table

rows describes correctly the bands formed on the screen in positions 1 and 27 5‘;;;3'

Bandil) Band(2) 1
@ Dark Bright
b Bright  Bright =
© Dark  Dark

@ Brighe || Dark 0 () ]

| =1 | 0509886279 aue pliac craslac /i
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74, The figure below shows the double slit experiment.

D

the bright bands  the dark bands Bnght

@ constructive destructive Dark
B destructive constructive Bnght
(€ constructive constructive .
ol destructive destructive Brght
D

75, The diagram shows the pattern of interference produced by two coherent light waves
sources. Which of the following table rows 1s comrect?

Constructive interference  Destructive interference
m 5

h‘-' P 34 — .u“ﬂ-‘i '-_ :I
© R 5 AL |
:ﬂ“‘. I:I f_} . . i S ey

rmngls B e

76. The diagram shows monochromatic light passing through two openings.
What do the areas labeled X and Y represent?

— . - . . - -f
8 constructive imterference in which waves cancel cach other out x ww""m: "

B constructive interference in which waves strengthen each other |II

) destructive interference in which waves cancel each other out ,_'L:n"'f'

i) destructive interference in which waves strengthen each other

77. Two light sources are placed a certain distance apari, causing interference between the
emitted waves.
What is the type of interference at the blue meeting points @ and the red meeting points @

;. S )
respectively? Light Source
_H..:._p.'a el

‘a) @ Constructive interference
@ Consiructive interference \\
-

-

b @ Constructive interference EI

@ Destructive interference

v
¥ -

T - . -
© @ Destructive interference Crest " AR~ i »
S—all -
Constructive interference i - o
@ Trongh /o 2 . L
[t a ! . J [ - 4 e
il @ Destructiye interferchie s s e

= ﬂe-:imq_:iﬁu:;iﬁ:ﬁrt’ci‘ancé D e T e e
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: d :
13 Apply the relation: 4 = JrT’[u:n calculate Student Book 13

wavelength or unknown distances.

T8. Which number on the figure indicates the wavelength of the light used in the double-slit

experiment? =2 ; .
. . s
@ 1 2 R el
Distance from the Central Bright Band to a Bright Band oD
The distance xfrom the central bright fringe to any bright fringe in Ypung’s double-slig,

experiment depends on: X Tl pr—

Factors Alfecting x
1. Wavelength A

» xis directly proportional to wavelength.

x o d

Therefore:

o Increasing wavelength — increases fringe distance.

+ Decreaging wavelength — decreases fringe distance.
Example:

o Red hight produces wider fnnge spacing than blue light,

2. Sereen Distance L
o xis directly proportional to the screen distance,
xo L
Therefore:
« Increasing the distance between the screen and slits — increases fringe spacing.
+ Brnging the screen closer — decreases fringe spacing.

3. Slit Separation d

« xis imversely proportional to slit separation

1
X ol—
d

Therefore:
o Increasing shit separation — decreases fringe spacing.
« Decreasing slit separation — increases fringe spacing.
79, The distance between bright fringes increases when:

dl  The slitsepasation ingreases| — ([l “Fhescrégn distance decreases
(€ The wavelenath decitases LS5 =) | The wavelengih-inorcases

[ =3 | 0509886279
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B0. In Young's double-slit investigation, what change will be noticed when using red light

instead of green hght? g
&) Patterns of all the colors of the spectrum appear
) The width of the bright central band decreases
) Mo change will be poticed
i) The width of the bright central band increases
A Ly

uen gkl
':l'llll"!
L

14 Explain constructive interference using: mid = — Student Book 115

Bright Fringes (Constructive Interference) Constructive interference
Bright fringes are formed when:

= the two waves arpive in phase NSNS

o Cresl meets crest J{_JA m

» trough meets trough
The amplitudes add together, producing maximum intensity ﬂATiJ_’_]ﬂ bands). f\N
Condition for bright fringes:
Al = md

where:
= Al= path difference

« m= order number (0,1.2, ... )

Destructive interference

A= wavelength
Dark Fringes (Destructive Interference)
Dark fringes are formed when:

» the two waves arrive out of phase

= crest meels lrough

The amphitudes cancel each other, producing mintmuom mtensity (dork bands).

Dewtructive

Condition for dark fringes: interfarence

s L 1
imvimriorances

ﬁL X [:m+ JE} lll AT Cimrk

Erighn

Important Notes

Crmrik

. . rr}) ¢EI .
o The central bright fringegcturns atm 510 RS KB

Crmrik

BLyagy iyl

» Brght and darkbands alternate on-fhe screen:

Crmrk

+ Coherent monochromatic light is required for a stable pattern.
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Determining the Phase Difference Between the Two Waves

I. Point A

A bright fringe 12 formed at point A due to constructive interference between 2 U'L,r'a‘_;h
twio waves that are in phase. E

Thig occurs because the distances traveled by the two waves are equal, s0 the 5

path difference is zero. H

This bright fringe 15 called the central bright fringe. 2
2. Point B
A dark fringe is formed at point B due to destructive interference between two ¢ ll
waves that are out of phase. Ln "
CaE Wb CH AR ' g ol S T':_I:_____'
This happens because the path difference between the two waves is = 3, M t_J!_{th
e
which corresponds to a phase difference of 7. 1€
3. Point C
A bright fringe i5 formed at point C due to constructive interference. < L
At this point, the path difference between the two waves is A so the waves are in ) =N
phase again. " H T
| | e 1"'"-..'.,.-'1I‘__.:—-|..- 1B
: \ S—e —_— A
o
f [ i F oy —g
- |-|I'| - -:'-
Bright and Dark Fringes and Path Difference in Young's Experiment
Fringe type Order (n) Path difference Phase difference
Central bright ] 0 1]
First dark A T
2
First bright | A 0
Second dark 34 it
2
Second bright 2 24 ()
%1, In a double-shit interference pattem, the first bright band is formed when the path
difference between the two waves 15 equal to;
@ Half wavelength G} : B Two wavelengths (24)
€ Ome wavelength (&) ) () iy Zerh wavelngth
2. For destructive interference-to-oecur between two waves of the-same-waveléngth and
amplitude, the path difference between the'two waves must be:
@ Half wayelenath E} b T'.I.“;:L".".»'E"r'u*ll_'ngl|1-.i.l|::'_'.-"|.}
() One wiseleagth (4) - i), Lero' wavelength
m 0509886279 auc pliac pan dlae /i
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B3 In an interference pattern of a double-slit experiment, why does a bright band occur
where constructive mterference takes place?

(@) The two wavelronts have a phase difference of one wavelength.

[hash
by The two wavefronts have a phase difference of a quarter-wavelength. :_'*“
) The two wavefronts have a phase difference of one-hall wavelength. :‘“
! The two wavefronts have a phase difference of one-third wavelength. I'"'"

B4, All hight rays emerge from the two slits and are in phase. However, when two light rays
meet on the screen, either constructive interference or destructive interference ocours,
What causes the appearance of bright and dark bands on the screen? Screan
- Bouroe D
(@) The difference in the path length traveled by each light ray Bvighi
h!  The difference in the emission time of the two light rays } )) % o
- | Braghl
€1 The difference in phase of the rays when leaving the twoslits | “/, . =% Dars
r : - : : i Brgin
! The difference in wavelength of the rays exiting each slit .
85. What causes a difference in the interference pattern. such that bright (light) bands and
dark bands appear on the screen?
{8 The difference in the length of the pathidistance) traveled by each light ray e
B The difference in the emission time of each of the two light rays Mislant it =T
s e BT
) The difference in wavelength of each my when exciling each slit — | PN
- "u. - - - - - “ - Hﬁ#'._'
i The difference in phase of cach of the two rays when leaving the two slits =

*
R il

86, Two narmrow slits separated by a distance dare illuminated with monochromatic light,
producing a pattern of bright and dark fringes on a screen.

One of the fringes is observed at point b, as indicated in the adjacent figure. I -
L
What is the type of the fringe formed at point h? _ _ d -T-H'L;_
a. Random bande="' | —hvDasdchands | 6 —' [ ) =/ ———o—— oy 1
¢. Bright bands d. Dim band - | v b

0509886279 sue pliae ¢pas i /| m
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|5 Solve problems on interference of light. Example (1), Practice Problems 116120
(1,2.3), Check Your Progress (13)

The equation of the wavelength from the Double-5ht Experiment ;
Xy 5.-|
mil = — | -
L E{ e L I:L
The symbol  The physical quantity -
I m The order of the fringe { | :
2 | Xm The Distance from the central bright band to the bright band
3 A The wavelength of the light
4 4 The distance between the slits
1V The distance to the screen

MNote: all the quantities are measured in meter excepl m which is dimensionless quantity
Convert all values into 51 units before substitution.
1mm=10""m lum =10"%m lom=10""m

An interference pattern is formed on a screen that is located 0.17 maway from a barrier.
The two slits of the barmier are separated by a distance of 0,010 mm. The eenter of the third

dark hand 15 found to be 2.5 emaway from the center of the eentral bright band

What is the wavelength of the light used?

_,l
|

/)

25 cm

Choose the correct answer:

032%10~" m E
@ 42x 107" m ”"”“’“*;ﬂ)j )
052 x10~" m :

|II| 1
i

O06.2x 107" m

'.

I\
\

|

I |.|| I'nl'. |L:
m\\x
SN\S

A

i

The wavelength of the light is caleulated using the relation for dark fringes:
5l Xl

1
l:]"l"!+ E}L
(25 % 1072 m)(0.010 x 10~ m)

1 =42x107" m
(3+ ﬁ} (0.17 m)
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87. Light falls on two slits separated by a distance of 2.4 % 107" m. A screen is placed
0.B0 maway. The first-order bright band is 14 mmifrom the central bright band.
What is the wavelength of the incident light?

@ 420 nm iy 480 nm © 460 nm ) 440 nm

BB. Aisha Saif performed Young’s double-slit experiment using laser light of wavelength
550 nm. The screen is 2.4 mirom the slits, which are separated by 14 pm.

What is the distance between the central bright band and the first-order bright band?
@ 94x107m @ 36x107%m &€ 66x1072m d 1Zx107*m

B9, He—Ne laser light of wavelength 630 nmis anmed at two slits separated by 2.5 ym. The
screen is placed 1.2 mfrom the slits.

What is the distance between the central bright band and the first-order bright band?
@ 0.30 m 0y 0.10m € 0.40 m d 0.20 m
A student performs Young's double-slit experiment to find the wavelength of light,
What is the relationship between the distance between the two slits (o Jand their distance
from the screen (L)7 i

_'l'l

. o 32 L
h.d =L
I o
. This has no effect on the experniment results

e =
F:

Young's Double-Slit Experiment

Young's double-slit experiment can be used to measure the wavelength of a given light.

In the figure below: The separation between the slits is (1.90 x 107 m)The screen is placed
(0.60 m)away from the slits. The distance of the first-order bright band from the central
bright band is (2.11 x 107% m)

Answer the following questions; of @
{a) Calculate the wavelength of red light, | slits

SCraamn ©

(h) What happens to the intensity of the bright bands as we move away from the central band?

I ", b, s
D O T [ L LT LT T T o e T T T T T TP

g R g e 0 0 0 Y sy g 5 . Rl s o e g T 5T 00 TS b 0 (et B T 0t .00 8 D B i e
- T T 1 -LIT

() What would happen if white light were used instead of red light?

0509886279
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A, Young's Double-Slit Experiment _
¥ ellow-orange light from a sodium lamp of wavelength H "
(5.96 x 107 m) is aimed at two slits that are separated by i
(1.90 x 10°% m) If the screen is placed (60 cm) from the slits aj s =4 i
\'\ : Screen
[ Slits
answer the following: 8 L

{a) Calculate the distance from the central band to the first-order vellow band.

(b) When performing the previous experiment, what condition must be met for the value of
the distance betwieen the two slits (d )and their distance from the screen (L)7

Example (1} — Wavelength of Light
A double-slit investigation is performed to measure the wavelength of red light.

The slits are separated by 0.0190 mm.
A sereen 15 placed 00600 maway, and the first-order bright band s 21.1 mmifrom the central
bright band.

Determine the wavelength of the red light.

1.Violet light falls on two shits separated by 1.90 x 107° m. A first-order bright band appears
13.2 mmirom the central bright band on a screen 0.600 mirom the shis.

Required

Determine the wavelength of the violet light.

I.‘l’f!]uw-nr.um:‘::Iighl'l.:i1'\\.-h"-.-_1.'.:.]::ngth E.'fn-'El-[:'_n mpfi’m]l. a-sodium lamp s aimed af wo slits
separated by 1.90 »-10°%m. The screen is.(:600 miront-the slits.

Determine the distance from the central bright band to the first-order vellow band.

e o o e L e e e R e m i e g it a ey e e e e s

[ 39 | 0509886279
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Fatma Khalfan Al-5aced) use a laser with wavelength 632.8 nm. A screen 15 placed

1.0m from the slits, and the first-order bright band is 65.5 mm from the central line,

Determine the slit separation

Light of wavelength 542 nm falls on a double slit. The screen 15 1.200m from the slits, and the

lirst-order bright band 15 4.00 cm from the central bright band.
Determine how far apart the slifs are. o |

iy _F.“Il, BCresrm
i= iL e

0509886279 sue pliac ¢pasluc /1 m
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Define and explain thin-film interference.

Thin-Film Interference
Thin-film interference s an mterference phenomenon produced when hight reflects from the

Student Book 117

|6

upper and lower surfaces of a very thin film.
The reflected light waves interfere with each other, producing:
« constructive interference
s destructive interference
This creates colourful patterns such as:
« soap bubbles
« oil films on water

Nirection of propagation
Fromm bower (b to higher {n)

From higher (n) to lower {n)

Index of second medium
Higher refractive index

Lower refractive index

Speed of light
Lower speed

Higher speed

Reflection behaviours
Feflected with inversion

Feflected withowt inversion

$. You observed colored rings on the surface of water and concluded that a thin layer of ml

exists on the surface.

|Inr'-|

im l.l.':..-----llII [

TV
BN

In'lll Ny T

g 1

i o - . . Pl ® [THH
Which of the following correctly describes the phase change of the reflected waves at the two

surfaces?
.| lmversion Mo versiom i Iy ersian N inverssen
Firs reflectian o First refllection J
Secomd refection ¥ Second reflection f
L leversion Mo imversion il Inyersian Mo inverssen
-I-n s relevonn S ufi;.l welleciine J
Seconil reflection o

Second refleciion &

91. You observed eolored rings on the surface of water and concluded that a thin layer of ol

exists on the surface.

| l"-

Ui || e 110

Punds |

Which of the following correctly describes the phase change of the reflected waves at the two

surfaces?

i laversion Mo lmversion 3 Inversssi % Ny eraban
Farss refecian o Fira pefllection o
Siegnid re B isn [ o Secanil rellectinn o

B | ) | L lmversion: | Mo oversion il . .::, Inviersiem || Mo inversion
First refieetion <11 First rieflectiom Pt
Secomd rilec b -.."' —— Hﬂ;ﬁ.l.l r!i;l-la'cliﬂn - - o
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92. When light falls on a thin film of o1l on the top of water, a spectrum of colors 15 produced.

Which of the following wave properties is nol involved in this phenomenon? - *‘”
= ) 0 = A= _ "-% §F ¥
@) Refraction ly  Diffraction NS s
©  Interference ! Reflection 0

03, When an oily film floating on the surface of a water puddle in a parking lot is exposed to
bright sunlight, it forms colors in the spectrum (appears colored), as shown in the
adjacent figure,

What phenomenon explains this?

(@ Interference of light (@ Dispersion of light
) Diffractionof light & Polarization of light

Constructive and Destructive Interference in Thin Films

When light falls on a thin film, part of the hght s reflected from the top surfece and another
part 15 rellected from the bottom surface.
These reflected waves mterfere with each other.

1) Constructive Interference
Constructive interference occurs when the reflected waves are in phase.
This produces:

1. Bnght reflected hght
2. Brght colorful bands

Thin-flm thickoess condition

If one reflected wave undergoes phase inversion:

find fd 5d
R

2) Destructive Interference

Destructive interference occurs when the reflected waves are out of phase.

This produces:

1. Weak reflected light
2. Dark .[r_'-j._;:in_n.t;-.'_ ~ o o A
3. Redbedpefidetior ——/ |} (15 =4 () 2 a———— )]

Thin-Mlm thickness condition

0509886279
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04, Camera lenses are coated with a thin laver of a transparent material (thin film) that has a
refractive index lower than the refractive index of the lens glass.

This results in the rays reflected from the outer and inner coating sides destructively

interfering, which reduces the reflection of light from the lens by a very large percentage. It

increases the amount of light that passes through the lens and improves photography

efficiency.

What is the relationship between the thickness of the coating (thin film) (d) and the
wavelength of light (L)?

) d = 4/, ® d=22

(€ - ﬂ!.!4 i d =22

95. A thin hilm of refractive index g 15 placed between two media of refractive indices
iy e 715, as shown in the fipure. Ray 1 is reflected from the upper surface of the film,
while Ray 2 is reflected from the lower surface.

Under which condition will both reflected ravs undergo phase inversion”

; Moy 1 May2

@My < Npjm < Nz

h’ n = Mrilm - Mg iy Meciem 1
1y Ty < ﬂf i T 45 d Filen
diny > neym < ng - P —

Thin-Film Interfercnee

When light of wavelength Afalls on a thin film of oil on water, colorful patterns appear
because of constructive interference.
Which thickness of the oil film produces the strongest reflection?

d =4 d ; _E
[a =41 1 |
d==
3
0509886279 axc pliac gaslac /|
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17 Define diffraction and explain diffraction of light. Student Book 121-122

. o L : AL Az TR WY TR
I%  Apply the single-slit diffraction equation; EI.;I—J* Practice Problems(15,17,18), 123 129

Check Your Progress (28)

19 Compare Young's Double S5t patterm with Single Siudent Book 121-122
Slit Diffraction patiem.

20  Define diffraction grating, reflection grating, and Student Book 124126
grating spectroscope.

21 Explamn constructive interference in diffraction Siudent Book [ 26
gratings using: md = dsin @

21 Explam how a grating spectroscope works and 11s Student Book 126

applications.
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17 Define diffraction and explain diffraction of light Student Book 121-122

Definition of DMffraction

Diffraction is the bending and spreading of waves when they pass through a narmow opening
or around an obstacle.

Diffraction of Light

When light passes through a very small slit whose width is comparable to the wavelength of
light, the light spreads out instead of traveling in straight lines only.

This spreading produces a diffraction pattern consisting of:
« & wide bright central band
« alternating dark and dim bright bands on both sides
The pattern is formed because of’

constructive interference
destructive interference

between Huygens” wavelets coming from different parts of the slit.

96, The process by which a beam of light 1s spread out as a result of passing through a
narrow opening 15 called

[ Inmterference (B!  Polarization ) Diffraction @) Refraction
97, The diagram below shows a series of waves approaching an opening ina barrier,
Point P 15 located on the opposite side of the barrier. -
The waves reach point P* as a result of H

@ Interference M Polarization ) Diffraction i} Refraction
Which diagram best represents the shape and direction of a series of waves after they have
passed through a small opening in a barrier?

H

.i‘-l\‘\‘ = i -
i

(1) ey (3) (4)

| 45 | 0509886279 asc pliac craslac /i
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Diffraction Pattern Characteristics
A single-slit diffraction pattern consists of?
« One wide, bright central band H—H- ]]]]]]] Smal Difraciion Effect

s  MNarrower, dimmer bands on both sides

Compared to the double-slit pattem, the single-slit pattern has: H_H_ :D))) carge i D

s A broader central maximum

= Less evenly spaced bright bands

Lo M el preahass hus this I ealiby, we see 5 del i — .
'\..'IIIIl'.l.I" L} WS IIII | 4 ."1|L o~ II dNiTT 3 &0 ST e

buiped The saner side g the ghif, Thai's fringe

T i figpernin!

Pamallet-ray mamochromatic
ligha
1@ L]

According to Huygens' principle, a light source propagates as spherical waves. Each point on
the wavefront acts as a point source. When light passes through a slit, a diffraction patiern is
formed due to the constructive and destructive interference of Huygens™ wavelets.

In which of the following cases is the diffraction patiern most clearly visible?

@: |||||||||i§ ||||||||‘|§ |

0509886279
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I8 Apply the single-shit diffraction equation: 2x, = ii—"- Practice Problems(15,17,18), 123129
Check Your Progress (28)

The width of the central bright band in single-shit diffraction is given by:

2AL
Xy =
Hrl-
2AL Xy W
25 =— = A=——
' ow L.
Where:
Symbol  Physical Quantity
X5 The distance between the first dark band and the central bright band

2x, The width of the central bright band

F The wavelength of the used light

w The width of the single shit
I, The distance from the slit to the screen
MNotes:

« This equation is valid when the distance to the screen is much larger than the slit
width ( L = w ).

Distance Between First-Order Dark Bands

Monochromatic green light of wavelength 546 nm [alls on a single slit of width (L0850 mm.
I'he slit is located 68.0 cm from a screen.

What is the separation of the first dark bands on each side of the central bright band?

ZAL

LXpin =

_ (2)(546 % 107 m)(68.0 x 10~% m)

EXmin = 0.080 % 105 m ek

| <7 | 0509886279 aue pliac craslac /i
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Monochromatic light passes through a single slit with a width of 0,010 em and falls on a
screen 1D em away, as shown in Figure 19-15.
If the width of the central bright band is 1.20 cm, what is the wavelength of the light?

Ciiven
« Slit width, w = 0.010 cm
» Distance to sereen, L = 100 cm
+  Width of central bright band, 2x, = 1.20cm
x, = 0.60cm

2AL Ny W
Etl = i =—
W

L

(0,60 x 1073(0.010 x 107%)

i 100 x 102

= 600 nm

What is the width of the slit?

A laser beam of wavelength 650 nm passes through a narrow slit of unknown width.
A screen is placed 4.0 m from the slit.
The distance from the center of the central bright band to the first dark band is 1.0 mm

Giiven
= Wavelength:d = 650 nm = 650 x 107" m ot
=

« Distance to sereen:L = 4.0m

« Distance to first dark band:x;, = 1.0mm = 1.0 = 107 m

For the first dark band;
AL
.I] = =
Rearranging for shit width w:
AL
[

X

.. :ni} N
., (650 XT0-)(4.0)

TEENE =26%10"%m

0509886279 sue pliac ¢pas i /1
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9. Monochromatic green light of wavelength 546 nm falls on a single shit with a width of
0.095 mm. The sht is located 75 em from a screen.

How wide will the central bright band be?

99, Yellow light with a wavelength of 589 nm passes through a slit of width 0.110 mm and
forms a pattern on a screen.
If the width of the central bright band is 2.60 = 107 m, how far is the slit from the screen?

v, Light from a He=Ne laser (4 = 6J2.8 nm) falls on a shit of unknown width.
A pattern 15 formed on a sereen 1.15 m away, on which the central bright band 15 15 mm

wide, How wide is the slit?

101, Yellow hght falls on a single shit of width (L0295 mm.
Un a screen that is 6060 em away, the central bright band 15 24.0 mm wide.

What is the wavelength of the light?

102, White light falls on a single shit that is 0.050 mm wide. A screen is placed 1.00 m
away.

A stadent first places a blue-violet filter { A = 441 nm )over the shit. then a red filter
(A = 622 nm ). The student measures the width of the central bright band.

a. Which filter produces the wider band?
b. Calculate the width of the central bright band for each filter.

R A B R et T 8 e e R 8 e i b o B e e 0 e e g b8 e R b
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103.  Monochromatic light passes through a single slit with a width of 0.010 cm and falls
on a screen 100 cim away, as shown in Figure. If the width of the central band is 1.20 ¢m,

What is the wavelength of the light? J

1id e
S by sk WoIEEn

4. Monochromatic green light with a wavelength of 546 nm falls on a single slit of
width (LOB) mm. The shit s located 68.0 ¢m from a screen, as shown in the Ggure.

What is the width of the central bright band? n -
St '_ -
@ 7.78 mm . 0.080 mm
b 9.28 mm — =
LE;.' 1.08 mm J_ 68.0 om ] =1
d 1.28mm Single slit Screen

105,  An unknown light falls on a single slit that is 0.080 mm wide. A screen is placed 75
cm away from the slit where a central bright band is observed,
The width of the central bright band 15 12 mm.

What is the color of this light?

@ green (B yellow
€ red i blue

106. A monochromatic light of wavelength: 4 = 5.0 x 10~7 m falls on a single slit of
width:

w = 1.0 % 107" mThe screen is placed:L = 0.75m
What 15 the width of the central bright band?

@y 00075m o038 m  © 00150 m i) 00019 m

0509886279 aue pliae ¢pas i /| m
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19 Compare Young's Double Slit pattern with Single Student Book 121-122
slit Diffraction pattern

Young's Double-Slit Pattern
« Produced by interference between light coming from two coherent slits. Coubile alt
« Forms equally spaced bright and dark fringes.
« Bright fringes have nearly equal spacing.
o Central bright fringe is not much wider than the others.

Single-Slit Diffraction Pattern

« Produced when light passes through one narrow slit and spreads out. wriie it
» Forms one wide central bright band with dimmer side bands.
« Bands are not equally intense.

v Central maximum is much wider than side maxima.

You can compare this pattern with the double-slit interference pattern shown in the higure,
Importance of Single-5lit Diffraction

» Single-slit diffraction makes the wave nature of light observable.

» [t i5 not very precise for measuring wavelength.

» More slits (diffraction grating) provide higher precision.

107. When coherent hight passes through a single slit, the light 15 diffracted, producing a
pattern of bright and dark bands on a distant screen,
Which statement correctly deseribes the diffraction pattern?

Al A wide. bright central band with dimmer, narrower bands on either side.
bl A narrow, bright central band with dimmer, wider bands on either side.
2y A wide, dim central band with brighter, namower bands on either side.

i) A namrow, dim central band with brighter, wider bands on either side

[ 51 | 0509886279 ac pliac yasle /|
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20 Define diffraction grating, reflection grating. and grating Student Book  124-126
spectroscope.
Diffraction Grating

A diffraction grating is an optical device made of a very large number of closely spaced slits
or lines that diffract light and produce an interference paticmn.

key Features
o  Produces very sharp and bright interference pattemns.
e Used for accurate wavelength measurements.
» Has thousands of slits per centimeter.

Examples

« Transmission grating

« CDsand DVDs

»  Speclroscopes
Reflection Grating

A reflection grating is a diffraction grating that reflects light instead of transmitting it.
How it works

« DMMade by engraving many fine parallel lines on a reflective surface.

» The reflected light undergoes diffraction and interference.

« Different wavelengths are reflected at different angles, producing spectrum colors.
Examplis

« CDs

« DVDs

+ Blu-ray discs
Grating Spectroscope

A grating spectroscope 1s an instrument that uses a diffraction grating o measure or analyze
wavelengths of light.

Main Parts
« Sht
o  Collimator
«  Diffraction grating
v lelesgope
Function: = —' | - | f
» Separates light into its component wavelengths,

o Used to identify elements and measure wavelengths accurately,

0509886279 sue pliac ¢pas i /1
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108, CDs can act as diffraction gratings because they produce colorful spectra when white
light falls on their surfaces.
What type of diffraction grating do CDs represent?

@) Reflection grating Iy Grating spectroscope
€} Transmission grating ) Holographic diffraction grating

109, What is the mstrument shown in the figure, which is used to measure Light

wavelengths of hight using a diffraction grating? Mg, -
! ".-'__.::i-
i)  Retlection grating bl Grating spectroscope Ny g S

Transmission grating ) Holographic diffraction grating

()

[0, Which of the following best descnbes a diffraction grating?

) A device made of many closely spaced slits that diffract light and produce an
interference pattern.

b A single narrow slit used to refract light.

) A lens used to magnify diffraction patierns.

) A mirror used 1o absorb light.

111. What is a reflection grating?
) A gratng that transmats light through narrow shits.
b A diffraction grating that reflects light from a reflective surface.

) A lens that reflects all wavelengths equally,
d) A prism used to separate colors.

[ 53 | 0509886279 aue pliac craslac /i
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21 Explain constructive interference in diffraction gratings using: Student Book 126
md = dsin @
Measuring Wavelength Using a Diffraction Grating =
A grating spectroscope is used to measure light wavelengths. / II.I:'”?&""‘;‘!
= Light passes through a shit and collimator = I%J‘f':é----%
= Then passes through a diffraction grating | ; ﬂ»':':;:-
hLY

=  The diffraction pattern 15 observed through a telescope

15. Diffraction Grating Equation

ma = dsin 9,

where:

« m=101234 order of the hright fringe

Note

There are some important equations used in diffraction grating nnmerical problems:

« To find the distance between the slits of the grating:d = :
« To find the number of slits per unit length:N = %

« To find the angle of the bright fringe:8 = tan ~! [E]

Blue light of unknown wavelength shines on a CD. A screen is placed 0.B5 maway from the
CD, and the distance between two consecutive bright dots is 55 cm.
Assume the distance between grooves on the CD surface i1s 750 nm.

What is the wavelength of the light?

@ 410 nm T 480 nm (€} 550 nm ) 440 nm
A diffraction grating has 45000 grooves per centimeter.
What is the distance berweenlahy two consecutive slits/ il nanometers?

A 4500 = h Se00new L@ =300 40" 2200 nm

0509886279
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Diffraction Grating Problem
A diffraction grating has 4500 grooves per centimetre.
What is the distance between any two consecutive slits?
Criven
s  Number of grooves per centimetre : N = 4500 grooves/cm

The distance between consecutive slits {grating spacing) is:

1
d=x
iy
AT e
d:r—lmx]ﬂ'zm:ZEExH}_*‘m
4500 3

Aisha Saif uses a green laser on a CD.
The distance between the slits is 2000 nm.,
The first bright line is observed at an angle of 14.5%,

What is the wavelength of this green light?

Given

« Slit spacing:d = 2000 nm = 2.0 x 107" m
»  Angle of first-order bright line:f = 14.5°

o Order number;m = 1

md = dsin @
For the first-order maximum (m = 1):
A=dsin @
A= (2.0x107%)sin 145" =50 % 107" m

| 55 | 0509886279 aue pliac craslac /i
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A monochromatic helium—neon laser of wavelength 630 nm falls on a diffraction grating
that has 4000 grooves per centimeter.
What is the angle at which the first-order bright band appears?

Step 1: Find slit spacing

: = -5
d= 2000 cm=25%10""m
Step 2: Use the diffraction grating equation
mA = dsin @
For firstorder(m = 1):
: A
5in 8 = 3
. BINRHT
slm —W— 0.252

& =sin - 40.252) = 15°
EXAMPLE: Using a DVD as a Diffraction Grating
A student noticed the beautiful spectrum reflected off o DV
She directed a beam from her teacher’s green laser pointer at the DVD and observed three
bright spots reflected on the wall.
The label on the laser pointer indicates that the wavelength is 532 nm.
The spacing between the spots on the wall is 1.29 m, and the wall is 1.25 m away.
What is the spacing between the rows on the DVD?

Known:
» x=12%9m T,
e L=125m S n
e A=532nm=532x10"m x
inknown: Spay 2
» = spacing between the rows on the DVD %
2, Solve for the Unknown
Step 1: Find the diffraction angle St
¥ whall
fan & = — L
8 =tan ! (ﬂ)
1.25
B = 459"
Step 2: Use the diffraction grating equation
For first-order maximume:
A = dsin @
Rearranging ford = | ' \ \
4 =20
=in
Step 3: Substitute the values
532 33079 VUL B v
= =T T =74l X% 1057 m
0509886279 sue pliac ¢pas i /1 E
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A monochromatic light source shines on a difTraction grating of 100000 lines/cm,
producing a first-order antinode at an angle of 40.5% from the central line.

What is the wavelength of the light?

Giiven
« B =405
- H = I

« Mumber of hines = 10 000 lines'em
Slit Spacing
1

3 - K —f
= To0pe00 2 10Tm

d

Diffraction Grating Equation
_ dsin 8
— e
(1.0 3 10-%)(sin 40.5%)
A=
1
Angle Difference Between Two Bright Bands

|

= 649 nm

Monochromatic light of wavelength 670 nm falls normally on a diffraction grating.
The slit separation is 4500 nm.
What is the angle difference between the fourth-order and sixth-order bright bands?
Ciiven

s A=670nm=670x10""m

e d=4500nm =450 x 10~%m

« Ordersimy=4.m,=6

Step 1: Find angle for the 4th order

; M d
v ()
4 =5 1
A O TR T,
By = s~ (=)= 36,6

Step 2: Find angle for the 6th order

6(670x 1077y
s = 62.6"
4.50 x 1075

@ =gin™"

Step 3: Find the angle difference _ 1
Al = B, —flp= 62.6°—36.6" = 26°

[ 57 | 0509886279 aue pliac craslac /i
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Using a DVD as a Diffraction Grating

A student pointed a beam from a teacher’s green laser pointer at a DV and noticed a
beautiful spectrum reflected from the DVD.
she observed three bright spots reflected on the celling.

The label on the laser pointer indicates that the wavelength is:A = 532nm
She also found that the spacing between the bright spots on the wall is; ¥ = 1.29m
The wall is located at a distance of:L = 1.25 m

from the DVD. as shown in the figure below.

 fpotidmiyl  Spot Zéodl  Spot 3 dak
Destrcomint -, | [ 1 i1 | | |
(e S = =

g —— — e ——— e — ]

fDagram: DV acting as a diffraction grating producing three bright spots on a wall)
Required
Find the spacing (d )between the rows on the DV,

| WL = WD X TEL =P 4
LEGFImE
: w01 % ZES €
-, = E el = = 1= He1
: A5t I:E_ﬂ;'l - # e -
g - e -
| b g ujsp = ¢ |

oL 1 : - ';."“!FF!“:'I!'F'F‘H. 2 dary
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It blue hight of wavelength 434 nm shines on a diffraction grating and the spacing of the
resulting lines on a screen that 15 105 m away 12 .55 m, what 15 the spacing between the slits
in the grating?

A diffraction grating with slits separated by 8,60 = 107" m is illuminated by violet light with a
wavelength of 421 nm.

If the screen 1s 80.0 cm from the grating, what is the separation of the lines in the diffraction
pattern’!

Blue light shines on the DVD in Example Problem 3.
[f the dots produced on a wall that is (L6585 m away are separated by 58.0 ¢cm, what is the
wavelength of the light?

Light of wavelength 632 nm passes through a diffraction grating and creates a pattern on a
screen that is 0.55 m awaw.
It the first bright band 15 5.6 ¢m from the central bright band. how many shits per centimeter

does the grating have?

| 59 | 0509886279 aue pliac craslac /i
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22 Explain how a grating spectroscope works and its applications. Student Book 126
Grating Spectroscope Works

A grating spectroscope is an instrument used to measure and analyze the wavelengths of

light using a diffraction grating. ) T,
Working Principle I - _ 'Jf‘
I. Light from a source enters through a slit. =2 I%—'_q_!;
2. A collimator makes the light rays parallel. - < HN.:C?

3. The parallel light reaches the diffraction grating, which contains many closely
spaced lines.

The grating diffracts the light and produces an interference pattern of bright lines.

e

L

A telescope is used to observe the bright diffraction lines at different angles.

Applications of a Grating Spectroscope

1. Measuring Wavelengths

Used to determine the wavelength of monochromatic light accurately.
2, Spectral Analysis

Separates white light into its component colors to study spectra,

3, ldentifying Elements

Each element produces unique spectral lines, so spectroscopes are used to identify
subsiances,

4, Gemstone Analyvsis
Used by gemologists to analyze gemstones by studying therr hght spectra.
5. Scientific Research

Used in physics, chemistry, and astronomy to study light ematted by stars and materials.

0509886279 sue pliac ¢pas i /1




Define a frame of reference,

Calculate relative velocity in one
dimension using vector
additinn/subiraction.

Calculate relative velocity in two

dimensions graphically and
mathematically

. . &
RELATIVE
VELOCITY . =

—— N W

Figure (13) 148

Figure (13), Practice Problems (25,27} 148-152

Figure (13), Example {4), Practice 150152
Problems (28,29), Check Your
Progress (33,35)
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23 Define a frame of reference. Figure (13} 148

A frame of reference 15 a coordinate system or point of view [rom which motion 1s observed
andd measured.

MNotes

The measured motion of an object depends on the observer’s reference frame.

Same Direction Crpposite Direction

ul‘q_... e lphesm Bo glres F ul‘l.l'. elpvd e S0 ginep P

v'.'.lu'uln'. win B B v..l.l\. it IS Bk

.'rll.-ﬂq ielpgese o sivesed ."'f-'lh nidiviree in sireet

Relative motion depends on:
[. Whao is observing?
2. What are we trying to find?

1} For esch situation below, what 13 Vo e 1o steess |

LGl @ wolid b T il ot inees relaties 10 the SEide aisd o ekl e B weloodies rElalive W The S1reer)

Wy g mlabve bo groured

Wiy melabwr fa sirest
= 30 mfu

= 1% mfa

W oo refative bo fraim

. ) 12

Wi i@lazres 30 biis
—p A e

W, NELBREE A0 i RoLn

W, Tl W0 1
__________ ——— e T

[

& trsn i meosrmsg nocih gt 200 mds relaine o the ground

A bun m movirg saat @i 15 mu's nleive bo 5w wiresd
ol walk fowwand the e of 1he crain ot & e

Yo walk icavsrd the tront of che bus et 4 mys
redatived A0 This i

W e Vo, rative io sireet? |

pedniives 10 phis TN
Wb in W, relutive o grodandT

I_-F-\_] B vt mamsl I:_.i_} 14 mo's nerth
(B} 19 mvs oast (B} % mus noein
l:l_:-_:|- LS e i GE-:- JE s minart
(B} 4 s et (B} &mnodh

112. A car moving on the road appears at rest to the driver inside the car, but appears
moving 1o a stationary observer on the pavement.

This occurs because:

(@ the wedthér isnot good | (1) the dbsirver Was Farsightedness |\ )

(€}  motion isrelative i) thebbserver hasnear-sightedness =
Aln) is a coordinate systentfrom which motion is observed,

@ ongin { frame § ;
© axid referencefiame | | b= S v
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24  Calculate relative velocity in one dimension using Figure (13). Practice |48-152
vector addition/subtraction, Problems (25,27)

Sometimes we want the motion relative to the ground, and sometimes relative to another

moving ohject. A

That is why we sometimes add and sometimes subtract. I,

1) Same Direction Relative to the Ground — ADD m
Idea & .

Two motions help each other in the same direction.

=

5o the total motion becomes larger.
Example
» A bus moves east ot B m/s

o A student walks inside the bus toward the front at 1 m/s
8 m/s

We want:

the student’s velocity relative to the ground.

The student 15 already inside a moving bus.

S

= Bus motion helps the student move forward.
« Stodent walking also helps move forward.
Both motons are in the same direction.
Therefore we add:
Verndenr ground = Ubus + Virudent buis

B+1=9m/s

Student velocity relative to ground = 9m/s
Physical Meaning
Imagine standing on the road.
Yok see: [ | ]
= the bus |mwi:ng.
= and the student alse walking forward inside it |

«  Sothestident moves even faster relative to v

| &3 | 0509886279 asc pliac craslac /i
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2) Opposite Direction Relative to the Ground — SUBTRACT

Idea
COne motion opposes the other. Train moves et of 15 mis

* N
S0, the final motion becomes smaller. p - = - r i
Example

= A train moves east at 15m/s
s A passenger walks west inside the train at 2 m/s
We want:
passenger velocily relative (o the ground.
MNow:
= Train pushes passenger cast.
s Passenger walks west.
The two motions oppose each other.
S0 we subiract:

]"p-:lm:rng £T grobtd =15~ 2

= 13m/s

Passenger velooity relative to ground = 13 m fseast.

Physical Meaning
The passenger still moves cast because the train is faster,

But walking backward reduces the total speed.

0509886279 sue pliac ¢pas i /1
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3) Same Direction Relative to Another Moving Object —« SUBTRACT
Idea

Now we are NOT finding motion relative to the ground.

We are comparing one moving object to another moving object.

Since both already move together, we care only about the difference.

Example
s CarA=20m/Ss s 20 mis
« CarB=30m/s ; "#‘ - . - ™ E"" -

Both move cast.
We wanl:
velocity of B relative to A.
Ohbserver 15 inside Car A.
From inside A:

o A appears stalionary Lo its driver.

«  Drver compares only how much faster B moves.
S0

Vgsa = 30 =20 =10m/s

B appears to move at 10 m,-"ﬁ‘relmi'-.-l: for A
Physical Meaning
Even though B moves al 30 m/srelative to the road, A i1s already moving at 20 m/s.
S0 A only notices the extra 10m/s.
Important Ohservation
[f both cars move at the same speed:
| | a0=40 20

. They appéarsistionary relativedieach other.
2. That is why cars moving side by side seem not to move.
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4) Opposite Direction Relative to Another Moving Object — ADD
Idea

MNow the objects move toward each other.

The distance between them changes very quickly.

So the relative speed increases.

Example

o  Car A moves enst at 20m /s

» Car B moves west at 30 m/s
We wanl:
velocity of B relative to A,
MNow both cars approach each other.
S0 we add;

Veutarive = 20+ 30 = 50 m/s

Relative speed = 50 m/s

Physical Meaning

From inside Car A;
« B does not appear to move slowly
» B rushes toward A very fast,

Because both cars move toward each other simultaneously,

You are nding in a bus moving slowly through heavy traffic at 2.0 m/s.

You hurry to the front of the bus at 4.0 m/s relative to the bus.

Ouestion

What is vour speed relative to the street?

Solution B o o ; ;s

Both motiond are'in the same ﬂ_lréi:ﬂgn,_:-;n we adds )| L . \
. r',Fi"r.'\.l'.l?I_.':'[Fﬂ'#!‘ - r"l:ul.t s f}l-'-'E'l'surl..l'?u:. f .

Faersonstreat = 20+ 4.0 =6.0m's
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Aisha Sailis pulling a toy wagon through a neighborhood at a speed of (L75 m/s.
A caterpillar in the wagon 15 crawling toward the rear of the wagon at 2.0 em/s.
Cuestion
What is the caterpillar’s velocity relative to the ground?
Convert Units
2.0 cmis = 0,020 m/s

Solution
I'he caterpillar moves opposite the wagon's motion, so we subtract:

Veaterpitlar ground = 0.75 = 0.020 = 0.73 m/s

A boat moves directly upriver at 2.5 m/s relative to the water.
Viewers on the shore see that the boat 1s moving at only 0.5 m/s relative to the shore.
Ouestions
«  What is the speed of the river?
» Is the rver moving with or against the boat?
Solution
The rivier current opposes the boal’s motion, so;
un‘:r.lr.lt,shm':- = Vhaar water — Vrirer
0.5 = 2.5 Priver
Veiper = 2.0 mfs

113, Ome car 18 following another car in the same direction at the same speed .

What is the speed of oné car relative o the other?

& (v B 0.5v ) 2y G v
114.
What is the speed of car B relative to car A and car C, respectively?

« CarA: 50 Kkm'h east - :'_'Nﬁh? "_ @
»  Cor B: 60 KEm'h east :x‘;'_.n“ ﬁ e
o« Car C; 80 km'h west ﬁ &0 Kmh ‘-.'.'ETI:;;"

T — e 7

@ (vgy, = 60knh), (Ve = 60kmm) B (vy = 70 kmih), (Uzc = 80 km'h)
2 (v = 130 kmth), (Ve = 20kmh) @ (vg,, = 10kmvh), (Vg = 140 km/h)

115,  An airplane flies due east at 400 km'h relative to the ground.
A wind blows at 30 km/'howard the west.

What is the !'I'].-'.:Inl..'..ﬁ- 1p'-;:'li;:'n:ii:_',.‘ relanive tathezur?

4 310km/h West (B 490 km/h East
€ 490km/h West 48 310 km'h East
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116, A nver flows from west to east with veloety 1.0 m/s.
A boat moves north with velocity 2.40 m/s,

What is the boat’s resultant velocity relative to the river?

@ 2e6mis B 68m's
€ 28m's @  1.5m'’

117.  You walk on a moving walkway at 2.0 m/sin the same direction as the walkway.
The walkway moves relative to the ground at 1.5 m/s.

What 15 your speed relative 1o the ground?

@ 0S5m’s B 35ms
ic) 2.0m's &) 1.Bm's

118. A bus moves east at 12 m/s relative to the street.
A student walks toward the front of the bus at 3 m/fs relative to the bus.

What is the student’s velocity relative to the street?
2] 9miseast (bl 3 m/seast
I5m/seast ! 12 m's west

"'\.{'...h

119. A train moves cast at 20 m's relative to the ground.
A passenger walks west inside the train at § m/s relative 1o the train.

What is the passenger’s velocity relative to the ground?
@ 25mfseast B 15 m's west
Tl ISmfSeast @ 5mis east

[20. Car A moves east of 18 m/s.
Car B mwowves east af 25 m/s.

What is the velocity of Car B relative to Car AY
@) 29mfseast (ol 7 mis east
) Tmiswest G} 43 miseast
121.
A motorcycle moves north at 14 m/s.
A truck moves south at 16 m's.
What is the velocity of the truck relative to the motoreyele? -

@ lems - l4mrs
) IWms ) 2m's
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25 Calculate relative velocity in twvo Figure (13), Example {(4), Practice 150-152
dimensions graphically and Problems (28,29}, Check Your Progress
mathematically (33.35)

Relative Motion in Two Dimensions (21))
Definition

Relative motion in two dimensions occurs when an object moves in two perpendicular

directions af the same time.

In 20 motion:

Reference frame
&  velocities are treated as vectors moving refative to ground
¥

= hoth magnitude and direction are important

key ldea
To solve relative motion problems i two dimensions:

Draw a vector diagram
Combine the velocity vectors

Find: Ground
reference frame
» the resultant speed

s the resultant direction

1) Find the Resultant Speed

When two velocities are perpendicular (north/south with east/west), use the
Pythagorean theorem:

Vresultant = FE' + 11'%

Where:
« 1,= horizontal velocin
. VS "r'l.‘l'f_iE'HI velocity
2} Find the Resultn Ditaction
Use tangent:

o,
tan 8 = =

| 6o | 0509886279 aue pliac craslac /i
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Example — Boat Crossing a River

uestion
A boat 15 crossing a river. ;-‘ 8w *;
L T u
« The boat’s engine moves the boat north at 3.0 m/s relative to the water. € -
= II 1 :“_-' -*
« The river current pushes the boat east at 2.0 mv's relative to the ground. _ |a e
¥ 2 4t L.
Required | =
Find:
|. The resultant speed of the boat refative to the ground.
2. The direction of the boat’s motion,
Given e
Boat velocity north: tan@= :2
WS
. 3 -
Vhoat fwater = 5.0 /s north g ’
W )
il 2 £ /
iver current east: = 24 .
Viater/ground = &:U M's east % o ;’_.*'J ¥eira
0 SR
Solution ;““r.lﬂ'
ﬂ. I = -
- . i} 1 W 2 +x
e &
Step 1| — Find the Resultant Speed velocany {mvs)
Use the Pythagorean theorem:
re
v= |vi+ud
\ :
Substitute the values:
v=43242? 1
Caleulation
it P
SRR : ; ¥ L ¥
— - —. — i Fi
v=v9+4=+13=3b6ms E Vg =36 M
Step 2 — Find the Direction E‘ 2t
. P . -~ S 4 i Vo
Lise tngongretny: A4 - WO T | A )
™ ! - 1 = e T+ I_-'
3 4
o =tan ™! () = 56' .-
2 =563
¥l . e ¥ -
el 1 Wun 2 ™

Walotily (mSs)
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You are standing on the shore observing a ship moving west al:vopip6 = 3.0 m's west
A child pushes a toy car north at:Vq0 a0 = 1.0 m/'s north relative to the ship.
Required
Find:

1. The speed of the toy car relative to the ground.

2. The direction of the toy car relative to the positive x-axis.
Given

Horizontal velocity (west)r, = —3.0 m's

Vertical velocity (north)iv, = 1.0 mv's
Step 1 — Find the Resultant Speed

Use the Pvthagorean theorem:

= ||u§+u$

v=y(=3)?+ (1) = V10 = 3.2 ms

Step 2 — Find the Direction

Substibate the values:

Use trigonometry:
P
g = tan ~* [l) -
1 e
Substitute the values: % T i
1 'E - . LI
ﬂ':tElt'l 1 (_—3) - I ; Wi -\-.‘__\__J:-:_,__H\IIE
x -2 2 -1 ! bt
Caleulation Velacity (mys)

The vector lies in the second quadrant, so we add 180™:

8 =180° + (—-184°) = 1616° = 162"
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Fatima Khalfan Al-Sacedi 15 nding a train moving east at: 15 m's

relative o the ground.

Caleulate Fatima®s velocity relative to an observer on the ground in each of the
following cases:

1. Standing Still in the Train

Fatima 15 standing still relative to the train,

2. Walking Toward the Front of the Train
Fatima walks toward the front of the train (east) at: 3 mv's relative to the train.

3. Walking Toward the Rear of the Train
Fatima walks toward the rear of the train (west) at:3 m/s relative to the tram.

4. Walking North
Fatima walks north at:3 m's relative to the train.

5. Walking Northeast
Fatima walks northeast at=3 m/'s relative to the train.

S GP L] = 212 + ZTZ+ s =n
paads yumnsay

SWZTZE = . SPUISE
uRnndos [uop

EWEFT'E = ,5f 500 F
yuatodinos 158
ISEIII0N] BUIY[EAL S

1582 JO QUONLETTT = [“—;} - UEY = ¢
. ' v bt A S uoTaaL]
S EHIS pE Hisi e — |

iy SUIYEAL F

53 SAU 7] = £ = §1 = Par upea ] ) Jo JeRy ) paes0] Suriea g
509 s 1= £ b ST = 2t wiga] ) 16 oy ) parsor Suniea -z

' ' ) sealsi 67 = “Hazmmag, .nﬁ'ug img Surpuels |
LN A ETEA]] \.-
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122,  Fatima Khalfan Al-Sacedi rides a boat moving east at-4 m/srelative 1o the water.
She throws a ball north at;0.75 m/srelative to the boat.
Required

Find the velocity of the ball relative to the water.

123, A swimmer moves north at:2 m's across a nver flowing east,
The swimmer's velocity relative to the riverbank is:3 m/s
What is the velocity of the river current?

AY 2.2 mis East

B) 12.3 m's South-West
) 6.4 m's North-West
) 10.2 m's South

A duck crosses a river moving north at:0.B m/s while the river current moves east ai:1.5 m/s
What 15 the magnitude of the duck’s velocity relative to the beach?

AY 2 m's

B} 8.5 m's
C)29 m's
D) 1.7 m's

124. A pilot needs to fly east at: 600 km/hto reach her destination.

However, a wind 18 blowing north ai 100 km'h IF the pilot points the airplane directly east,
what will be the magnitude and direction of the airplane®s velocity relative to the ground?

A) 369.664 km'h at 80.5"north of cast 5

B) 608 km/h at B0.5"north of east o i

C) 608 km/h at 9,5 north of east |~ o scfiss __'L:‘_‘ W
D) 369.664 kovh'atl 9.5 narth of tasl 'y ) o
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A boat is traveling east at a speed of 3.8 m/s.

A person walks across the boat with a velocity of 1.3 m/s south.
a) What 15 the person’s speed relative to the water?

b) In what direction relative to the ground does the person walk?

An airplane flies due north at 150 km/h relative 1o the air.
A wind blows at 75 km'h cast relative to the ground.
What is the airplane’s speed relative to the ground”?

A motorboat heads due west at 13 mds relative to a river that flows doe north at 5.0 m/s.
What 15 the velocity of the motorboat relative to the shore?
{Include both magnitude and direction. )

An airplane flies due south at 175 km'h relative to the air.
A wind blows at 85 km'h to the east relative to the ground.
What are the airplane’s:

s speed relative to the ground

=  direction relative to the ground?

. EmsteinlAE =
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