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- Part 1: Learning Outcomes 1-7 il | e
. ) SR e
E: i M-]Wémtm
Learning Outcome/Performance Criteria® dall wilas | gelacd| pabi {English Version)
213 | &=

1 51, 1exthook 115-116
examples
Calculate the frequency of a wave from its period and vice-versa (f = ij E“:‘i}'p{"f“l:mm 3 }::
Z | Apply the relation (v=3f) to calculate the speed, wavelength, or frequency of Practice
awave blemi 14 1o 23) 120

Differentiate between transverse, longitudinal, and surface waves and give

Describe that a mechanical wave is inverted if reflected from a fixed end and
remains upright if reflected from a free end

Describe wave properties like amplitude, encrgy of a wave, wavelength,
speed. phase, period and frequency

Sketch snapshots for the superposition of two overlapping wave pulses (same
wavelength) traveling in opposite directions showing the resultant wave,
Find the amplitude of the resultant wave in terms of the individual wave
amplitude, for two everlapping waves (same wavelength) traveling in

[ ite directions

Define nodes and antinodes and describe how they are formed.

Determine the wavelengths required for the first several harmonics on a string
under tension in terms of siring length (4, = % ).

a1 texthook

St textbook

St textbook

51, texthook

81 textbook

122-121

116-118

122-123

|
123

124
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Waves that require a physical /\T/\ I Mﬂmim

medium (water, air, or a rope) to

il b bl Comparing Mechanical Waves

— Transverse Waves — i Longitudinal Waves

The disturbance is perpendicular to the The disturbance is parallel to the direction of
direction of the wave's travel. the wave's travel. Molecules alternately
' 'prass and decompress along the path.

)

Wave Direction

S e a1 1Dl o)
ZIE EL MAHDY ACADEMY
b £ =, | r_."" "y
; ] ) £ IIJ
II 1

Hund Movement
(Left/Right)
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Surface Waves & Tsunamis -

L] _l'".'l.
Crest }j!_;‘éf;':f-‘
ey -
SIeASE EL MAHDY ACADEMY

SR

(2% EL MAHDY A

Surface Waves

Found deep in lakes or oceans. Particles follow
a circular path, moving both parallel and
perpendicular to the wave's direction.
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Differentiate between transverse, longitudinal, and surface waves and give

physics

i
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St. textbook | 115-116 |

examples
1 ~* ——— & .
Transverse Waves /\/\ Hﬂﬂﬂﬂm Longitudinal Waves Surface Waves
The particles in the medium The particles in the medium move parallel Particles in a surface wave move in a
move perpendicular to the to the direction of the wave's travel. circular path, which is both parallel

; : : and perpendicular to the direction of
direction of the wave's travel.  an example shown is squeezing and releasing a i otick The ciicilbrmation s

An example shown is shaking a coiled spring to create a wave that travels inthe ;g upted when the wave reaches the

rope up and down to create a wave same direction as the disturbance. G Ehﬂ'rE, ﬂﬂUEing it to break.
that travels horizontally, Sea Wave c SDWEUES are alsoan exampie of Iongltu ;.*'t-.. 2
- waves. ot e a6l ¢ ARl
HEESE EL MAHDY ACADEMY

2R (o281 gada

¥ EL MAHDY ACADEMY

Figure & Shaking a rope up and down produces transverse wave
pulses traveling in both directions. Squeezing and releasing the coils of
a spring produces longitudinal wave pulses in both directions

Explain the difference between transverse and longitudinal waves. Crest Wave motion —pm

Figure 7 Surface waves in water cause movement both parallel and perpendicular to the direction of wave motion.
When these waves interact with the shore, the regular, circular motion is disrupted and the waves break on the beach,

SN aMlape y9335
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SL. textbook
Example problem 3
Practice

problem(14 to 23)

Calculate the frequency of a wave from its period and vice-versa (f = %}

Apply the relation (v=0if) to calculate the speed, wavelength, or frequency of
a wave

120

" Period & Frequency
|
i = . . e e i : e Pelinition Framie
P@I‘i(ﬂﬂ}rﬁﬁﬂﬁdlﬂ T@ (T) s Rz ‘ r-hrinll m:'rrminl;e it takes for the motion to ]
. .. ' B EMHHD‘I’-.A{".ADEH‘I‘ (Dt cne it
< » . o Formula Callout Box \
: The time required for one full cycle of the motion / or one wave f= +

{Frequency is the reciprocal of the period)

~ Definition Frame

Frequency (f): The number of complete oscillations
a point makes each second, Measured in Hertz (Hz).

|

g Total Time t (e e
B oW1 1Dl T =
" Aoy ACHREW Number of Cycles n

The number of cycles (wave) that a body makes in one seconc . Number of cycles

Total time
Unit of Measurement: oscillation/second or cycle/second or vibration/second

or S~}

Allare equivalenttoHertzHZ =~ or ——

Sl laye 19335
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Each 1s the reciprocal of the other.

(Period)T = 1 (Frequency)/ =

Frequency of a Wave
The frequency of a wave is equal to the reciprocal of the period.

|
f=7

Both the period and the frequency of a wave depend only on the wave’s source. They do not

depend on the wave's speed or the medium.

$3¥ EL MAHDY ACADEMY
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W&VElength k Mechanical Wave

Crest
The shortest distance between repeating points on a wave.

The high points of a transverse wave are called crests, and the Iow pnmts
are called troughs in transverse, '
longitudinal compressions and rarefactions,

A

527 @ 1D

MAHDY ACADEMY

$3¥ EL MAHDY ACADEMY

L: The total distance traveled by the wave.

n: The number of complete waves in that distance, sometimes a whole number or a decimal.

. SN aMlape y9335
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Describe wave pr:upertles like amplitude, energy of a wave, wavelength, St. textbock 116-118
speed, phase, period and frequency

Amplitude

a5 EL MAHDY ACADEMY /
The maximum displacement or distance of a wave from its

N

Amplitude

equilibrium position. It is always a positive value. The text uses the

example of shaking a rope to show how the force of the shake

isplacement

affects the amplitude.

+

E
i

e
Energy of a wave 7 . Wave

% EL MAHDY ACADEMY /'n /‘
L3

. . ; Y]
The energy a wave transfers is related to its amplitude. \/

Waves with a greater amplitude transfer more energy.

Figure 8 A wave's amplitude is
the energy transferred is proportional to the square of the measured from the equilibrium

position to the highest or lowest point

amplitude, meaning doubling the amplitude increases the on the wave.

energy transfer by a factor of four.
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If the wave energy doubles, the wave amplitude increase to...........

i
-

Digplacement

EIETE EL MAHDY ACADEMY

1x Amplitude 2x Amplitude
= 1x Energy = 4x Energy
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Describe wave properties like amplitude, energy of a wave, wavelength,

speed, phase, period and frequency St. textbook 116-118

Speed and velocity The speed of a wave is determined by the displacement of a crest

or compression divided by the time interval

A A v=Af

DD
ot i Xt

SR EL MAHDY ACADEMY

mechanical waves, speed depends on the medium and

not on amplitude, frequency, or wavelength. S _,uaﬂfm1

X EL MAHDY ACADEMY

the speed depends on two main factors:
1-The medium through which the waves are traveling. 2-The type of wave. The temperature of the medium
also affects wave speed, as demonstrated by sound waves traveling faster in warm, dry air compared to cool,

i @Get 1t?

Summarize how changing a wave's amplitude, frequency, or
wavelength affects the wave'’s speed.

SN aMlape y9335
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Phase

Two points on a wave are "in phase" if they are separated by

one or more full wavelengths and have the same C ‘

. ; e v; |
displacement and velocity. S ""‘“"

Points with opposite displacements and velocities are "180° ..
out of phase. ‘

wlate EL MAHDY ACADEMY

" The phase difference between two particles in a wave can

range from 0° to 360°.

- -':ri_.'-'.'l' ﬂ:“i gmt
258 EL MAHDY ACADEMY

The period T is the time it takes for a periodic wave to complete one full cycle Figure § A mechanical osclator mowes the el

end of the rope up nd down, complting the cycke
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Phase , wave lenght, Periodic

o A (In F‘Hase':!
%,—— —r—
s o261 ol 4 /9, Fad

e -
&S EL MAHDY ACADEMY

h F

Two points separated by 360 degrees have a wavelength... a
Period... i.e., a complete wave.

Wavelength : distance between two pointsin same p

Period: time between two points in same phase
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Displacement

t  wavelength (\)

Displacement vs. Distance

A snapshot in space. Measuring
peak-to-peak reveals the
Wavelength (A).

i._:_,'..ilz.ml

i‘-ﬁzﬂi

Displacement vs. Time

The motion of a single particle over
time. Measuring peak-to-peak
reveals the Period (T).

G10 inspire

T e
i
i
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%, CHA OF =& SAME MEDIUM
A5 _MEDIUM (CONSTANT SPEED)

[OOMSTANT FRECFEMC )

When a wave transitions In the same medium, the
between two different media ~ wave speed is Constant (v).
(e.q., from Air to Water):

DO
msmmmm«qm

Directly Proportional
VINCREASE V INCREASE y Usnmr.- = h‘* ff
= &t u fsam:—
A INVERSE
PROPORTIONALITY

If f doubles,
A halves

v f
Waves in Differant Media
' .____ o SLOPE = (sope)= ;22

Waves in Media:
Air to Water:
v INCREASES
f remains CONSTANT
A INCREASES
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* Summary

g 2281 @aDall This guide breaks down the fundamental nature of mechanical w waves, categorizi ng them by particle motion and
WIE EL MAHDY ACADEMY detailing the physical properties and mathematical laws essential for UAE physics students.

CONCEPT MAP: CLASSIFYING MECHANICAL WAVES

| TRANSVERSE WAVES | | LONGITUDINAL WAVES | SURFACE WAVES
:mi:lurgjm 2
\ / e 1o Wave T
Parallel to Wave Travel

2.9., Shaking a rope 2.9, Sound waves, Colled spring

THE ANATOMY AND MATHEMATICS OF WAVES

KEY FORMULAS (CHEAT SHEET)
Property Formula Units

waespeed p=Ad /AL ms
Frequency f = 1T Hz (1s)

e > (f) Reciprocal of Period [T)
WAVELENGTH (A)

DEFINITION: Amplitude & Energy | [ DEFINITION: Mechanical Wave Wavelength A=D / f meters (m)
Maximum distance from equilibrium; | | A disturbance carrying energy P«] h equals velocity divided by fr

HRATE EL MAHDY ACADEMY

energy transferred is propartional to through matter or space without
the amplitude squared. transferring matter itself.
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Describe that a mechanical wave is inverted if reflected from a fixed end and
| remains upright if reflected from a free end

Wave speed: The speed of a mechanical wave depends on the properties of the medium it travels through, such as the

tension and mass per unit length of a spring. It does not depend on the wave's amplitude or frequency

Incident and reflected waves: When a wave pulse, called the "incident wave," strikes a buuniary between two

mediums, part of its energy is reflected back as a "reflected wave. o

|,-|-1.l|ﬁ [ F R M}

Wave at a Boundary SRATE EL MAHDY ACADEMY

""-nclnenl

:"}; 3
-_ Reflected wave orientation: The reflected wave can be either

upright or inverted. If the wave travels into a medium where

Wirsnumisted

Vigllected i
y. . its speed is greater (e.g., a stiffer spring), the reflected wave

will be inverted.
Figure 12 When the wave pulse
meets the boundary between the two
springs, a transmitted wave pulse and
a reflected wave form.

Compare the enargy of the incident
wave to the energy of the reflected
waove,
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Case 2: Specific Scenarios (Rope / Rope Boundary)

A ncident Tramsmitted | B incident Transmitted
wave SN Wave wave /IN" W

i Refected i
e L O vixee I {0)
-— 1#) 1 - — l“ 1 H‘l‘ﬂm

Bafore reaching boundary

C
I ident
veave /1IN, 4

O sl o Boundary Line
EEE EL MAHDY ACADEMY  Important Note for Students:
Phate change (inversion) occurs for the
reflected wive (crest becomes trough).

MAHDY ACADEMY
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When a wave pulse encounters a rigid boundary, or free ended
Reflected Wave: Fixed and Free Ends

Fixed End Boundary Free End Boundary

Incident Pulse (Wave) Fixed Wall f““““'::ﬂﬂﬁﬂ:flectfl? Pulse  Free ng
‘)‘* L \ . * _." s

Peak amplitude inverts to 4— Y’ -. . - Refic =
\tmfgh amplitude < L e w“:,ﬂg mnf Free Ring
Reflected Pulse " EY8Y ¥ nHpy AcADEMY A Point

f’

/) Inverted phase shift 180° [0 | Result: Upright phase shift 0° (None) |/ N\ JLtie

— COMPARISON TABLE ——
FIXED END BOUNDARY FREE END BOUNDARY ASPECTS
Inverted Wave \/~ Upright Wave _/\_ Reflected Wave Form
180° (mradians) 7T 0° (0 radians / None) Boundary Reaction
Wall exerts equal and opposite force| Free end moves freely, no recition force | Speed, Frequency, Wavelength
Zero (Nodal Point) + Maximized (Anti-nodal Point) «" | Rope Displacement at Boundary ]
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When a wave pulse encounters a rigid boundary,

the following occurs: o | -

reflected and inverted. c «©

The wave's energy is reflected back. ‘,,._- < Figure 13 When a wave encounters a rigid boundary, the reflected wave is inverted.
SS%EE EL MAHDY ACADEMY Note that the amplitude is nol affected by the rigid boundary.

The reflected pulse has almost the same amplltude as the incident wave.
| .

Almost all of the wave's energy is reflected, with very little being transmitted. i e

The reflected pulse is inverted. MAHDY ACADEMY

___ Comparison Aspect | Fixed End (Rigi

Pulse Behavior Reflects Only Reflects and lmeﬂs

Reflection Shape Crest returns as Crest Crest returns as Trough

Reflection from a free end: Phase Change No Phase Change (0°) Phase Change of 180°

When a wave reaches a free end, there is no opposing force
from the barrier. Therefore, the wave continues its motion and

reflects without inverting, meaning its phase remains the same
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Key Concept Checklist

Incident Pulse
=D

1. Almost all wave energy
is reflected back.

2. Very little energy is
transmitted into the wall,

3. The reflected pulse is
INVERTED (flips upside
down).
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Sketch snapshots for the superposition of two overlapping wave pulses (same
wavelength) traveling in opposite directions showing the resultant wave.
Find the amplitude of the resultant wave in terms of the individual wave
amplitude, for two everlapping waves (same wavelength) traveling in
opposite directions

. G9 inspire

i‘-ﬁzﬂi

Incident wave

—[TTem Reflected wave

Interference: The result of the

Wave at a Boundary

-—*
Incident wave

Reflected wave
-—

Figure 14 Waves add algebraically during
superposition,

superposition of two or more
waves.

Interference: The result of the
superposition of two or more

waves is called interference.

SN aMlape y9335
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Principle of Superposition: This principle states that when two or more waves exist in the same medium at the same time

the resulting displacement of the medium is the algebraic sum of the displacements caused by each individual wave.

Combination of Waves: The individual waves combine to form a new wave.

W] MAHDY ACADEMY
Amplitude Change: The new wave can have a lesser or greater amplitude, depending on whether the individual waves

cancel, add, or subtract from each other.

Wave at a Boundary

'\.—llﬁ.
N DR ——— Interference: The result of the
Incident wave o |,nl_-‘llﬁ (X% M)
e EL MAHDY ACADEMY

superposition of two or more

Reflected wave

waves is called interference.

Figure 14 Waves add algebraically during
superposition.
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Destructive Interference Constructive Interference
1AL AL

°

amd ama

MAHDY ACADEMY

Pulses have opposite displacements. Wave displacements are in the same
They cancel each other out. direction, creating a larger amplitude.

Definition Box Definition Box
Node (N): A point that does not move at all Antinode (A): The point with the largest
during interference (displacement is zero). displacement when waves meet.




physics

Constructive Interference
Occurs when wave displacements are in the same direction. The
resulting wave has a greater amplitucde than the individual waves.
A point with the largest displacement is called an antinode. The

resultant pulse is the algebraic sum of the two pulses

Destructive Interference Constructive Interference Different Amplitudes

'! ___/.f—-.'k\\__N . 1 _/’/:\\_\ .i"-"l././'_\\

/ s
5/ "—k\\,'ﬁ .f'r—"'-\“-_ 5

I

inspire

St. textbook

Destructive Interference:

yq.:ﬂ ¢ aRal! Occurs when waves with equal but opposite
A5 EL MAHDY ACADEMY

displacements superimpose. The displacement
at the point where the pulses meet is zero. A

point that does not move is called a node.

Eﬁet It?

Compare the wave medium's displacement at a node and at an antinode,

A node is a point in a standing wave where the

displacement is zero. This occurs due to destructive

An antinode is a point in a standing wave where the
displacement is at its maximum. This occurs due to

constructive interference,
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I =l

. Determine the wuveleﬁélhs required for the first several harmonics on a string I

under tension in terms of string length (4, = % ).

St textbook [

—
Standing Wave: The interference of waves
traveling in opposite directions, producing
stationary nodes and oscillating antinodes.

———

s

ki

w22 K1 ARl

A EL MAHDY ACADEMY

Figure 16 Interference produces
standing waves only at certain

frequencies.

Predict the wavelength if the frequency
is four times the lowest frequency.
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Standing waves

;",.J._EE.“

A wave traveling along a rope attached to a fixed point is reflected and inverted at that point.
When the reflected wave returns to the hand, it is inverted again and travels back down the rope.

As a result, the displacement of the wave leaving the hand a second time is in the same direction as the first time.

Standing waves are formed by the interference of waves traveling in opposite directions.

The key features of a standing wave are nodes (points of no displacement, such as the ends of a

rope) and antinodes (points of maximum displacement, such as the middle of a rope).

Figure 16 Interference produces

Increasing the frequency of vibration produces more nodes and antinodes, causing SEBSIOg i8S Ol AL G

frequencies.

: . ; Predict the wavelength if the frequency
the wave to vibrate in multlple segments. is four times the lowest frequency.

. SN aMlape y9335
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Wavelength Formula for Harmonics (n):

Where:

©  A,:The wavelength of the n'" harmonic (measured in meters, m).

o  L:The length of the stretched string (measured in meters, m).

©  n:The harmonic number(n = 1,2,3,4,...).

TR 451 ¢l

AT EL MAHDY ACADEMY
©  Number of Antinodes: Always equals the harmonic number (7).

Inverse Relationship: As the harmonic number (72) increases, the wavelength (A,,) generated in
the same string length decreases.




physics ﬁ)is'afl = pi g G9 inspire

UNDERSTANDING STANDING
WAVES ON STRINGS

THE MATHEMATICAL LAW

THE MATHEMATICAL LAW

'+ NODE: Point of zero vibration _ . _2*String Length (L)
» ANTINODE: Point of maximum vibration Wavelength (A,) = 2 Harmonic Number (n)
L: Strin

" * Another Node definition if space:
g mmpml? Boundary points in this ::asap /) “ 15 ”T“FJ;:’:;%

- ( [ ‘ |
HDY ACABEH_I‘_F 1ST HARMONIC (I‘I - -1-) —~ — 2ND HARMDHK; (n = 2)_ o e _3RD HARMONIC (l'l = 3) - g

FUNDAMENTAL HARMONIC
A A A A A

L > b L *| e L
Single loop model 2 loop model 3 loop model

A =21 A, =L Ay = 0.67L

0 @ 't @) @ nend @)% ez Bl

i
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Standing waves are produced in the four strings shown 78
in Figure 25. All the strings have the same mass per unit
c —*‘w—' length and are subject to the same tension force.
e w,um'mg Given the lengths of the strings (L), rank the frequencies
awas eLmanov acaoeny of the waves from highest to lowest.
,

L=27cm

OO0
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9018 (1) Joal g g A i s e e g 353 |

mloooood | s M. .-
A G G Crglt 233 51kl gl v U1 S i e 1 |
27 em " EHJH'I!

A~~~ A~F . P / strings, as shown in the figure. The strings are
B1O0OOCE BEK X A __J oflength(l).

Standing waves are created in four identical

Which of the following is the correct ranking

of the frequency produced in the four strings?

UL FS- M)

MAHDY ACADEMY

fa>fce>fe>fp c

-

& EL MAHDY RCADEMY

fa<fe<fe</fp
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8 | Define sound as pressure oscillation that is transmitted through matter. St textbook 132
Explain that sound is a longitudinal wave that has frequency, wavelength, and speed

9 Explain that the speed of sound varies with different mediums and St textbook 133-134

temperatures.

10 | Define sound pitch and relate it to the frequency of a sound wave. St. textbook 135

11 | Define loudness and relate it to the amplitude of a sound wave. St. textbook 135

12 Describe the sound level and define the decibel (dB) as a unit of measuring St textbook 135
sound level.

13 Apply the Doppler effect equation (f ;=f, [:1:]) to calculate different Example Problem| 138
frequencies and velocities. Practice problems
Recall resonance as the increase in the amplitude of vibration that occurs when a
system (or an object) is driven by an external periodic force, vibrating at the :

14 system's (or object's) own natural frequency. St esthook i
Explain resonance in air columns and give examples on different instruments.
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Sound Wave:

A pressure oscillation that is transmitted
through matter.

Longitudinal Wave:

A wave where the motion of the particles is
parallel to the direction of the wave's motion.

e

——

directions.

Lower pressure

RAL

Figure 1 When the bell is at rest (top), the surrounding air is at average
pressure. When the bell is struck (bottom), the vibrating edge creates
regions of high and low pressure. Although the diagram shows the
pressure regions moving in one direction, the waves move out in all

Higher pressure
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The bell's forward motion produces a [/ [
region with above average pressure «—//) B
(Compression).

The bell's backward motion produces a
region with below average pressure

P AR RS A B W R RS MR AR BEE

Equlllhrlum State (No Sound)

TR Eeaae AP i o

=, o000 G ﬂﬁ ‘ol
Harela:llun

_ UDINAL WAVE (Rarefaction),
Sor - Memum pamclas Air particle collisions cause the ™
0%, oo thrmlghamedium parallel =D plgh-pl:eshsu]{e region to move away
T T R T rom the bell.
swndcanot | (- Sound Wave Production |-»  Vibrate vibration !
ellb ey — —— relative to wave direction |
ina = [ e
\ weam ) 1|/ | Sound Prediction in Detail : o ne ‘et

The particles vibrate
anly, do not transfer * E’

Partirla vihratinn in nlara

ﬂlia_l’isa'_fﬁ'ive??] ‘Essential Definition
(The Essentials) # Energy transier

Fnernv tranefer via narticles

'\.—”‘-
w2 i Al

BEs et EL MAHDY ACADEMY

Sound is a change in pressure.
The speed of sound in a given medium is constant and is not affected by frequency or
wavelength, but rather by the properties of the medium, such as its temperature.
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SOUND WAVES & ACOUSTICS: MASTER-CLASS NOTES
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1)
L

: f—] Compressions Cmpretﬂons Compressions

“1‘11111‘1

.w.'l' ""'I*Ul SRV VR l(II /i HIll

7 T Ep———— “""““*- - "

Rarefactions Rnrefact ions Rarefal:tiuns

{ waali gaDal | | . Wavelength (\): Distance between
liar% EL MAHDY ACADEMY et cmmﬁumﬂmndhmuluwmm

. C .
Frequency ():
Number of prossurne
oscillations per second, A
" Important: The wave
travels forward, but
the air particies only
ascillate in place!

A sound wave is a pressure oscillation transmitted through matter, caused by a vibrating source that produces regular variations in air pressure.

e ———

Wave Type: Sound is a longitudinal wave, meaning the motion of the particles is parallel to the direction of the wave's motion.

Frequency: The number of pressure oscillations per second.

Wavelength: The distance between successive high or low-pressure regions.
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BASICS OF WAVES SPEED OF SOUND (v)
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physics

v Al
remain the same f f 1"

ftmptmhnf Rarefaction ™
Sound waves are pressure oscillations
that are transmitted through matter.
The frequency is the number of
oscillations in pressure each second,
in regions of high or low pressure.

Echo / Sonar

"~ FREQUENCY (f) f o FncrunsnFFEcnuﬁu
72\ FREQUENCY :

_ Temperature Density Humldltﬂ
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What happens when waves travel from one medium to another

(frequency - period - speed - wavelength - amplitude)
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St. textbook 133-134

c ®

===
Eg.ﬂﬁ rFs- W1
M

AHDY ACADEMY

9 Explain that the speed of sound varies with different mediums and
temperatures.

the speed of sound is greater in solids and liquids than in gases.

H
o

i
e
L
ar

£

38
= try

Speed of Sound: The speed of sound depends on the medium and, in air, is affected b

temperature. At room temperature (20 C) and sea level, the speed of sound is 343 m/s.

The speed increases by approximately 0.6 m/s for every (1C degree) increase in air temperatulc @

opaD
ST 0231 AR

MAHDY ACADEMY

The speed of sound at 0 degrees Celsius 1s 331 m/s.

where v is the speed of sound in m/s and Tis the
U — + - ] temperature in degrees Celsius

SN aMlape y9335
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10 | Define sound pitch and relate it to the frequency of a sound wave. St. textbook 135

Pitch: is the highness or lowness of a sound, which is determined by the frequency of the

sound wave.

fr the human ear can typically hear sounds between 20 Hz and 16,000 Hzc t

et ':."—.",-'
SSAEE EL MAHDY ACADEMY

Loudness: Loudness is the intensity of a sound as perceived by the ear, which is primarily

determined by the amplitude of the pressure wave

Sound intensity is measured on a logarithmic scale called the sound level, with the unit being the decibel (dB).
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Feature Pitch 3¥i¢ana1 Loudness
MAHDY ACADEMY
Physical Frequency of vibration Amplitude of the pressure wav
Characteristic
Description The highness or lowness of a sound.  The intensity of a sound as
perceived by the ear.
Measurement Given a name on the musical scale Measured on a logarithmic sca
(e.g., middle C). decibels (dB).

EGet It?

Identify What characteristic of waves is pitch most closely linked to?
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J) PITCH vs ® LOUDNESS 4
: Two different qualities of sound that help us hear and understand the world.
— PITCH (How High or Low a Sound Is) LOUDNESS (How Strong or Soft a Sound Is) —
. Pitch depends on the frequency of the sound wave, Loudness depends on the amplitude of the sound wave, f

Frequency is the number of vibrations (cycles) per second. Amplitude is the height of the wave.
* High frequency = High pitch (high sound) ’ ¢ Large amplitude = Loud sound
* Low frequency = Low pitch (low sound) | * Small amplitude = Soft sound
* Measured in Hertz (Hz) on % -
* Humans can hear sounds from 20 Hz t0 20,000 H: SR yeratéi WABI - oy oS ':::;' SoARR S
* Many animals can hear outside this range! EXEIE EL MAHDY ACADEMY

LOUDNESS: Amplitude — Height of the Wave

Low Frequency = Low Pitch High Frequency = High Pitch Small Amplitude = Soft Sound ‘ Large Amplitude = Loud Sound
NN MWW | s :
20 Hz 6000 Hz

MAHDY ACADEMY
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, CHAHACTEHISTICS OF SOU ND -
4 ¢ '_‘E_._L! ‘:I :
i MM low high
1 Bl o o8 quiet Loud | low p{tch higgh p)ictchJ
2 » perceived intensity The human ear is
E OC A » depends on amplitude (A)  sensitive to variations in

E x A? sound intensity.




Describe the sound level and define the decibel (dB) as a unit of measuring
St. textbook
sound level.
[

Sound Level: A logarithmic scale used to measure sound intensities, measured in decibels (dB).

[DEFINITION FRAME]

Decibel (dB) 1s the unit used to measure sound level. &
The higher the decibel value, the louder the sound. R ruliveas,

@ Key 1dea T i ! HOW SOUND LEVEL CHANGES
The sound level depends on the o361 €1 D) 10 dB increase g 20 dB increase é 30 dB increase
Sound level increases as Sound level increases as

ratio of the intensity of a given SERT L MAHDY ACADEMY Sound level increases as :
about twice as loud as the : about 4 times as loud as about 8 times as loud as

sound wave to that of the most original level. the original level the ariginal level.

faintly heard sound.
o 1)) +10dB !J +2ﬂll! ) ! +30dB ﬁ)))

\& Get It?

Compare How much more intense is a sound that registers 80 dB than one of 40 dB?
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Apply the Doppler effect equation (f ;=f [:-—ﬂ':- ) to calculate different

= Example Probleml

Practice problems

frequencies and velocities.

The Doppler Effect: The change in the frequency of sound caused
by the movement of either the source, the detector, or both.

Moving Away: Approaching:
Waves spread out. Waves crowd into the space ahead.
Wavelength lengthens. Wavelength shortens.
Frequency (pitch) decreases. /\ Frequency (pitch) increases.
<« U, |
Observer B M Observer A |
(Behind) (Front)

] %ﬁdh
331 ¢ aDal)

: EL MAHDY ACADEMY
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The Doppler effect is the change in the frequency of sound caused by the movement of the
sound source, the detector, or both. A common example is the change in pitch of a fast car as it

passes by, with the pitch being higher as it approaches and lower as it moves away.

e .l...g.:'lﬂ + :

2 EL MAHDY ACADEMY

Doppler Effect

The frequency perceived by a detector is equal to the
velocity of the detector relative to the velocity of the
wave, divided by the velocity of the source relative tothe _ e 3
: X 2 Figure 6 As a sound producing source
velocity of the wave, multiplied by the wave’s frequency.  ,;,oc toward observer A, the wavelength

is shortened to A . As the source moves
_ B l?d away from observer B, the wavelength is
f:l -L V- U‘ lengthened to A,
Describe What is the relative difference in
the frequency of the detected sound for
each observer?

Observer ~— o Observer
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The Doppler effect is the change in the observed frequency (or pitch) of a sound
when there is relative motion between the source and the observer.

i HOW IT HAPPENS

When the source moves, the wavefronts get
compressed in front and stretched behind.

Approaching 7 — N\
L ‘\_\“-._\ Higher observed
Wavetronts / /"~ \\\ \\ frequency
] # (higher pitch)

Lmlmuhurwd

UDWH pitch)

Q |

i W i

~—

G9 inspire

DOPPLER FORMULA (for sound)

Observed frequency ( ')

f, == f ( v i vu )
VvV F v
Where: 4 in the numerator when
- the cbserver moves
f' = observed frequency (Hz) toward the source
= in the numerator when
f=mm¥{ml the observer moves
away from the source
V = speed of sound in medium (m/s) | _ i the & s
V, = speed of observer (m/s) u-mmxmm
b, = sposdof serce () + e enorsetr e

awary from the observer

L] A
245 WL AT - N
$5Y EL MAHDY ACADEMY
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APPROACHING VS RECEDING
APFROACHING (morves towart sk orrme) RECEDING (mromwen sy brom ssch other|

)))))) —- & ﬁj} ))))) ) -
res(4e) s (55)

POSITIVE AND NEGATIVE CHANGE IN FREQUENCY

POSITIVE CHANGE (+A [ NEGATIVE CHANGE (- 4/
T iy ved baguency n b Thes Pe souror Tnmuessy The b wedd Srwigatimecy o e T P source eguesay
£'>f fiey
Tre hapgeere wtun Thes happang ahen

1 !

+ O tha obtrvs rrowr ioeesd the warce

v Semarve aied olderves e Bwy om gach o
o O e bt v Sowrs paay born Pa bt

+ O tha wouroe e ioweerd T olverver Higher pitch o On e deinrrcw Fracwers ey oo B obbdrver Lower pitch
EXAMPLES IN REAL LIFE
Approsching Source Recading Oberver
S of g e Srers wad ke 'l'mrw-wvn—l- o o wmwy o
e P phers pulbg Puped e B @5 1 T & MRSy WL

ey o T

|'I \ )\
2)-%)8 %))

3 1 cor fopeeryd you M'—"""‘-‘m

%"\ )
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EXAMPLE Problem 1

THE DOPPLER EFFECT A guitar player sounds C above middle C (523 Hz) Ex.1 p.138
while traveling in a convertible at 24.6 m/s. If the car is coming toward you,
what frequency would you hear? Assume that the temperature is 20°C.
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Recall resonance as the increase in the amplitude of vibration that occurs when a
syslem:{nr an nbjEtEt) is driven by an external periodic force, vibrating at the St textbook 141
system's (or object's) own natural frequency.

Explain resonance in air columns and give examples on different instruments.

14

i 1. Definition of Rmnanceﬁ—-h 2. Conditions for Resonance in Columns
= ( ) It is a phenomenon that occurs a) Presence of a vibration source u -,
o — when a system vibrates in (e.g., a tuning fork). '

Air response to a repeating external : :
column P b ,. b) Frequency of the vibration source ﬂ

equal to its natural frequency.

e = natural frequency of the air column.
Leads to amplification of the . .
_ — vibration amplitude and increase in m ¢) Adjusting the length of the air E
= I sound intensity. g column to match the frequency.
-
=
A I
5 Water = - @H-an o || 7 mﬁmﬁ% _
> { fﬁﬂéfnmﬂ? ‘ A pipe that is open at the top and closed
Figure 10 As the tube is raised or ' +— Pipe at the bottom (by the water surface).
lowered, the length of the air column 5 Al S —
changes, which causes the sound’s LT column =
volume to change l‘ — " When the tuning fork's frequency m:_itc!m the
Definition of resonance: Resonance increases the amplitude of a [; B e e e
vibration by repeatedly applying a small external force at the natural | \-_j ) J |! e ey s e e

frequency of the air column.

SN aMlape y9335
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= J3 7 COMPARISON OF MUSICAL INSTRUMENTS . .

BRASS INSTRUMENTS WOODWIND INSTRUMENTS  STRING INSTRUMENTS

How Sound Sound Is produced when the player Sound is produced when air is biown Sound is produced when strings are
is Produced buzzes their lips (vibrates) into the across a reed or into an opening. set into vibration.
= mouthpiece. The moving air sets the column of The wvibrating strings make the
KT @ADL ‘1}) The vibration makes the air inside air inside the instrument into soundboard vibrate, which sends
EL MAHDY ACADEMY the instrument vibrate. vibration. sound waves into the alr.
How it Works Vibrating lips — vibration of air Air blown across a reed or through Vibrating strings — soundboard
(in the Air) inside the instrument — pressure an opening — air column vibrates — | vibrates — pressure oscillations in
oscillations in the air — sound pressure oscillations in the air — the air — sound waves travel to
"M"'ﬂt“' waves travel to our ears. sound waves travel to our ears, our gars.
Brass Instrument Woodwind Instrument |
Examples Examples of Brass Instruments: Examples of Woodwind Instruments: Examples of String Instruments:
Mouthpiece Mouthpiece e,
/ R r
i i, |
. : 'l. II - / é
Trumpet Tuba Bugle Clarings Saxophone Flute Piang Gaultar Vialin
Reed | 1 T
What Controls = Changing the tension of the lips and Changing the length of the air column Changing the tension, length, or
Figure 9 The sound produced by an instrument is partly determined by the strocture of the the Pitch? the length of the air calumn {using (covering holes or using keys) changes | thickness of the strings changes
mouthplace Ao wvalves or slides) changes the pltch. the pitch. the pitch.
Key Point Buzzing lips — vibrating air — Blown air + reed or opening — Vibrating strings — vibrating |
f’ sound waves vibrating air column — sound waves soundboard — sound waves
F,

‘ Remember: All musical instruments create vibrations. These vibrations travel through the air to our ears as sound!
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Differentiate between luminous and non-luminous sources of light, giving examples,
15 | Differentiate between opaque, translucent and transparent mediums, giving St. textbook 157-158
examples
Define quantities of light like luminous flux and illuminance, specifying their SI
16 | units. St textbook 158-161
Define luminous intensity, specifving its SI units
Example Problem!
17 | Apply the equation for illuminance of a point source to numerical problems Practice problems 162
18 E::‘imne quantities of light like luminous flux and illuminance, specifying their SI St. textbook 158-161
Show that the illuminance provided by a point source of light has an inverse-square
19 | relationship with distance (r) from the source and a direct relationship with St textbook 159
luminous flux.
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Differentiate between luminous and non-luminous sources of light, giving examples.
15 | Differentiate between opaque, translucent and transparent mediums, giving
examples

St textbook

gq:Uﬁ!!LIhli

T . -
Wt EL MAHDY ACADEMY

L Trdnenaront Tran_slun_allt Qpegue , Sources of Light
Transmits most light. Objects | Transmits some light, reflects | Absorbs or reflects all light. i
are seen clearly through it the rest. Objects cannot be No transmission. (e.g., . Luminous Source | Iluminated Source
(e.g., air, clear glass). seen clearly (e.qg., frosted books, backpacks, people). _
glass, lampshades). A body that emits | Abody that reflects
its own light. light m::mﬁmr

? Concept Check
Why can you see a fish in a bowl, -Q* Q. V4 @ m _"_':

and the bow! itself?
Answer: The water/glass

transmits light, but alsp ==
reflects a small amount, ‘ '

The sun, light bulbs, stars, The moan, books,
fireflies, and a burning match. the wall,

sl i

% EL MAHDY ACADEMY
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Define quantities of light like luminous flux and illuminance, specifying their SI

St textbook 158-161

| Define luminous intensity, specifying its SI units

The Source: Luminous Flux (P)

v, Definition Frame

Luminous Flux (P) is the rate at
which light energy is emitted from
a luminous source.

' Measured in Lumens (lm).

+ Represents the total output of the bulb,
independent of where the light goes.

< A10OW bulb produces more luminous

NS

The Surface: llluminance (E)

< Definition Frame

llluminance (E) is the luminous fux
falling on & given surface area at any
instant.

= Measured in Lux (Ix), which equals
lumens per square meter (Im/m?),

=+ This is the amount of illumination an
object (like a book) actually receives,

= Depends on both the Luminous Flux of

:'1“;.";?;’;2“-“3‘: bulb, sending more rays The Direction: Luminous Intensity (1) the source and the distance to the object.
b4 A ’
» L '

adad | ek

=

Figura T

¥ Definition Frame

Luminouws Intensity (1) is the luminous
flux that falls on 1 m? of theinside of a
L-im-radius spheve.

i -

MAHDY ACADEMY
= Measured In Candelas [od).

* Formailac{ = &

= In the daagram: To peowidle the same illuminase 1o the

srmen from hwice the distance (2r), the lemp's lumirouy
Irensity mist be Boer time, that of the candis,
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LUMINOUS FLUX (&) LUMINOUS INTENSITY (1)
> Depends on the source and the
Depends ONLY on the light source. Depends ONLY on the light source. distance between tl'; source and the surface.
p
h A [ =— L ]
O oWl D) 4n - E= 41!‘?'2
wiale EL MAHDY ACADEMY | ,
|
g — — as ala ¢ g3LAY) |30
r
Unit (T — (Im) ‘ Unit Unit Lux (Ix)
- : llluminance (E)
2 okl vana Lux (Ix) = Im/m?

SN aMlape y9335
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Luminous Flux

Illuminance

Luminous
Intensity

Symbol

P
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Definition ~ Unit  Key Equation
lst;:‘laiggtlfclergy emitted | |\ mens (Im) Numerator
g s g 1=
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| Show that the illuminance provided by a point source of light has an inverse-square |
19 | relationship with distance (r) from the source and a direct relationship with St. textbook
luminous flux.
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The Inverse-Square Relationship

Step 1 (r = Im): Light hits a Im? area.
lHluminance = E,

!

Step 2 (r = 2m): The exact same light
spreads over 4m? (27). llluminance = 1/4 E,

|

llluminance
Step 3 (r = 3m): The exact same light g = 1750
spreads over 9m? (32). llluminance = 1/9 E, T Am
E, = 1750 i
an2?
Core takeaway: As distance increases, £, = 1750 |
3= X
light spreads out. llluminance decreases 4n3?

as the inverse of r squared (1/r3).

R RT FE-
EL MAHDY ACADEMY

Figure & llluminance (E) is the quantity of light that strikes a surface. As the
distance from the luminous source (r) increases, £ decreases. £ depends on the
inverse of r squared.

. S0 alsse 1933
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Example Problem1

Practice problems 1o

17 | Apply the equation for illuminance of a point source to numerical problems

ILLUMINATION OF A SURFACE What is the llluminance on your desktop if it is lit by a 1750-Im lamp

= 3
that is 2.50 m above your desk? P=175x10" Im
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EQUAL ILLUMINANCE (E) EQUAL LUMINOUS FLUX (P)
ILLUMINANCE E IS EQUAL (E; = E,) LUMINUU%FLU);;P IS EQUAL
P=E-4n - r? C |l® ®- 1=
P R0 =
—_— - —— iy 4
4 -r2 E, E;=E; R "mﬂﬁmmsuu%ca ORTW nm;ENTmEL SOURCES)
- 1 - 2
fl;lfz = ;;:2 E= 4mr2 ' % 4Amrp
' : Eir? = Eorf

. 2
= DIRECT RELATIUNHIP. Puxr — INVERSE RELATIOSHIP: E o rlz
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Part 3: Learning Outcomes: 20-25 CJ';"'" —dhd

20 | Define diffraction as the bending of a wave as it passes the edge of a barrier St. textbook 165

21 | Describe that the color of light is related to its wavelength and frequency. St. textbook 166

Describe primary, secondary, and complementary colors of light and the effects of
corresponding combinations.
22 Explain that the color of an object depends on the wavelengths present in incident St. textbook 167
ht and on which wavelengths are absorbed or reflected by the object.

23 :t]::rlhe primary and secondary pigments and the effects of mixing pigments or St. textbook 168

| B |
24 Explain the polarization of light by filtering using a polarizing filter. St. textbook 169

Describe the polarization of light by reflection

25 | Apply Malus's law to light filtered by polarizer and analyzer filters St. textbook 170




physu:s

Diffraction: the bending of light when it
passes the edge of a barrier the edges of
shadows are not perfectly sharp

Diffraction is the bending of waves around the edges of an opening or
obstacle.

S EL MAHDY ACADEMY

G9 inspire

Huygens' Principle

Barrier

Figure 12 Huygens' wavelets combine to form a straight wavefront, except at the
edges of the wave. The wavelets spread out in a circular manner when a barrier
creates an edge.
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Sound diffraction is clearer and easily observed than light diffraction ,
Sound waves have longer wavelength than light

The new wave front is the common tangent (or envelope) to all of these secondary wavelets in the forward direction.

))))]] s 28 e

131 ¢RI

L MAHDY ACADEMY
Narrow GaP ffect
) Large Diffraction E




physics G9 inspire

| 21 | Describe that the color of light is related to its wavelength and frequency. ‘ St textbook [ 166 ]

iy WO R ST W]

A3% EL MAHDY ACADEMY

Newton's Experiments: used a prism to separate white light
into a spectrum of colors. He concluded that white light 1s
composed of various colors, a property of the glass causing the

separationc R
B0 et
2 AR (I R M

EFASE EL MAHDY ACADEMY

When the spectrum was projected onto a second prism, the
second prism reflected the colors and recomposed them to form
white, leading Newton to conclude that white is composed of
several colors.

400 nm

Figure 13 White light is separated into bands of color by a prism
Each color has a different wavelength
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Wavelength and Color: The color of light is related to its wavelength..

Visible light ranges from approximately 400 nm (violet, shortest wavelength) to 700 nm (red, longest
wavelength)

shortest wavelength -- frequency
BOR e longest wavelength --- frequency

et el ARl
[

As white light passes hrugh a prism, its wav
nature causes different colors (wavelengths) tc
bend at different angles, creating the spectrum

White Light

Violet

+ W ih in
@ Electromagnetic spectrum: favelengih increases

Gamema
Lt

Herays Radio waves
Taya




esr:rl pria. sonda ry, and complementary colors of light and the effects of
corresponding combinations.
Explain that the color of an object depends on the wavelengths pn*sent in incident

light and on which -

...... e mdbh e cme aheacck o e il i - B L. ak -

-l.l‘

St textbook

(. THE COLORS OF LIGHT

Light combines to make colors!

PRIMARY LIGHTS HOW THEY MIX

The three primary colors of hight When primary lights are mixed,
cannot be mudl h-_f mixing ather they make secondary colors.

AAAAAA e

oo vEow  (GANT) (MG
ALL THREE TOGETHER COMPLEMENTARY LIGHTS

Wher red, green, and blue light are combined, Twio colors of light that combine
they make WHITE light. to make white light are

complementary.

/i ;:gge

Remember:
Light uses ADDITIVE mixing.

More light = Brighter colors!

~N

a_THE

PRIMARY PIGMENTS __J§

The thres primary pigments . When primary plgments are mixed,
cannat be made by mixing ! Mmkgmdarypigmnu

other colors.

ALL THREE TOGETHER COMPLEMENTARY PIGMENTS

When magenta, yellow, and cyan Two pigments that combine
pigrments are mixed, to make black are

LORS OF PIGME ]
COLORS OF PIGMENTS

Pigments mix by subtraction!

; =

. 5

complementary.

GREEN

BLUE

RED

.._

o ® ) Pigments use SUBTRACTIVE mixing.
More [_:_i_grmnt = Darker colors!

-

S
_J
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B2
WHY DO WE SEE COLORS? =3

The color of an object depends on the wavelengths present in incident light
and on which wavelengths are absorbed or reflected by the object.

1 ¢aDadl
HDY ACADEMY

2. THE OBJECT

3. WHAT WE SEE

White light from the Sun or a lamp
contains all the colors of the
visible spectrum (wavelengths).

When white light hits an object,
some wavelengths are absorbed,
and some are reflected.

We see the color of the wavelengths
that are reflected into our eyes.

f ™. RED |
W E
Visible Spectrum Absorbed :;M-\_ . _/' b:c:::u red
Longer (taken in) s
= 4 '.n'.'e-'i b ; % B wavelengths are
) ) — = v = _. reflected, )
ﬁ ‘I - o - ot ~ -,
}'/’/ We see GREEN
-_’_'__‘__.y e because green
= wavelangths are
T—— | reflected.
b,  Reflected 3 = =
=
White Light rsmaetbed) ™. We see BLUE
mﬁ th {All wavelengths) e, ‘/ becavee blue
g 15 wavelengths are
L . reflected. )
KEY IDEA EXAMPLES TO REMEMBER el
- Cokoe o Which wavelengths » A red object reflects red light and absorbs other colors. z\f;
- . Ubj-ﬁ Wavei-engths in + are absorbed = A green object reflects green light and absorbs other colors.
depends on incident light or reflected v A blaick obiect: shaorbs almost all liaht (56 color reflisted)
by the object

» A white object reflects all colors.

SN aMlape y9335
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Color by Subtraction (Objects & Dyes)

N

Under white light, a red object
absorbs mostly blue and green,
reflecting only red.

I\ Blue Light

Under pure blue Iight, it
reflects almost 1c
and appears alm

Red Light
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The Master Matrix;: Addition vs. Subtraction

R Light Pigments
(Addition) (Subtraction)
Mechanism Emitted directly to the eye. Absorbs light, reflects the rest.
Primary Colors Red, Green, Blue (RGB). Cyan, Magenta, Yellow (CMY).
Secondary
Cokons Cyan, Magenta, Yellow. Red, Green, Blue.

Mix All Three Creates WHITE. Creates BLACK.




Explain the polarization of light by filtering using a polarizing filter. —
Describe the polarization of light by reflection i

The Nature of Light Waves: Random vs. Ordered

Unpolarized Light Polarization by Filtering
A

Polarized Light
SIRASE EL MAHDY ACADEMY

b

EdEAE: EL MAHDY ACADEMY

Y

Nonpolarized Light: Electric fields
oscillate in random directions.
Example: Normal lamp light.

Polarization: The production of light
with a specific pattern of oscillation.
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Light waves vibrate in
many directions
pn'p-lndin.i.nr to the
direction of traval
This is called
unpolarized light.

¢

1. UNPOLARIZED LIGHT

The electric fiald vibrates
in all directions
perpendicular tor

the direction
of travel

il

Using a Polarizing Filter

2. POLARIZING FILTER

only in one plane

3. POLARIZED LIGHT

After the filter, light vibrates

(vertical in this
example) e
I - w.ﬂ.ﬁ ¢ D!
ZEE EL MAHDY ACADEMY
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POLARIZATION OF LIGHT BY REFLECTION

Wher light reflects from a surface, it becomes partially or fully polarized.

=

3

ﬁ.lﬂ ¢ LDl

% EL MAHDY ACADEMY

HOW IT HAPPENS

The polarizing filter allows The transmitted light is
only the vibrations in ene plunt-pnhrlze&.
particular direction to pass.
- .
oot Normal Reflected
{Uﬂpdﬂ'll"d h#’l!} tm'“’ ﬂl Ar -“d

Light from the sun (unpolarized)
strikes a flat surface. The reflected
light is partially polarized—mainly
vibrating parallel to the surface.

/’ parallel to surface)
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25 | Apply Malus’s law to light filtered by polarizer and analyzer filters St. textbook 170

MAHDY ACADEMY

When plane-polarized light passes through an analyzer, the transmitted intensity depends on the angle (6) between =
the transmission directions of the polarizer and the analyzer.

o SETUP Trlniﬂ'lliiﬁ-iﬂﬂ o MALUS'S LAW
P Axis Where:

I, = Intensity of light after the polarizer
j T Iﬂ cos? 6 I = Intensity of light after the analyzer

I = Angle between transmission axes
g of polarizer (P) and analyzer (A)
Unpolarized :
light Polarkissr o ] light I Malus's law shows that the transmitted intensity

p varies with the square of the cosine of the angle
(P) (A) between the two axes.

L MAHDY ACADEMY
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Axes Parallel Axes at 45°

Axes Perpendicular

Figure 20 Polarizing filters with their axes paraliel will aliow the kght with the same orientation to pass. With the polariaing ares
at a 45° angle, the flters allow some light to pass. If the axes of the filters are perpenticular, the second flter will block the light
¢ that has passed through the first filter

H-gl“ﬁi!ldﬁ."

% EL MAHDY ACADEMY
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When plane-polarized light passes through an analyzer, the transmitted intensity depends on the angle () between MALUS'S LAW
the transmission directions of the polarizer and the analyzer. [
BASIC SETUP I =1I,co0s%8
Jl-‘\ ﬂ “ﬂﬂ-
HORE (o i wapaVhere
F ' ' 3 EL MAHDY ACADEMY, = Intensity after the polarizer
§ _— 3 S
“ I = Intensity after the analyzer
\ fi = Angle between transmission axes
u rized . T itted
"’EZ: Polarizer (P) e Analyzer (A) 'T"w': o of polarizer (P) and analyzer (A)
(axis vertical) light (axis at angle 8)
EFFECT OF ANGLE (8) BETWEEN POLARIZER AND ANALYZER
1}9 90° 2) 0 = 45° 3) 0 = 45° + 45° = 90’ 4)0=0"
I= Ico5* 90° =0 I = 1, cos® 45°—-f., I = I, cos® 45° cos? -15":4 lo I=1lyco80°=1I,
Mo light transmitted Half of the intensity One quarter of the Maximum transmission
(Axes are perpendicular) is transmitted initial intensity is transmitted ( Axes are parallel )

. SN aMlape y9335



You place an analyzer filter between the two Cross-
polarized filters, such that its polarizing axis is not
paraliel to either of the two filters, as shown in the figure
to the right.

1. You observe that some light passes through filter 2,
though no light passed through filter 2 before you
inserted the analyzer fiter. Why does this happen?

2. The analyzer filter is placed at an angle of 6
relative to the polarizing axis of filter 1. Derive an
equation for the intensity of light coming out of

filter 2 compared to the intensity of light coming
out of filter 1.

i;i‘;'a)jl ;f% CGS inspire )

Filter 1 Polarized

light

) ﬂ:m !‘m"
232 EL MAHDY ACADEMY
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