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Learning Qutcome 1:
Differentiate between transverse, longitudinal, and surface waves and give
examples.

Transverse Wave Longitudinal Wave

Particles vibrate perpendicular (1) to Particles vibrate parallel () to the

the direction of wave travel direction of wave travel
Particles move up and down Particles move back and forth
Consists of crests and troughs Consists of compressions and
rarefactions

& .T - . h.s‘t \ g f ? R
- BT L 2 L= - P
= b . W, | - .

[} Transverse wWirvs (B Londsudsnal was
Energy moves forward while particles Energy and particles oscillate in the
oscillate vertically same direction
Example: rope waves, light waves FExample: sound waves, spring waves

Surface Waves

Definition:

A surface wave is a wave in which particles move in a eircular path, com
characteristics of both transverse and longitudinal waves.

Characteristics:
» Particle mohon 15 both parallel and perpendicular to wave direction,
s Contans:
Transverse motion — up and down
b l..ﬁuuiu_mimil maotion -~ rn_rwa_rd_a'nd' I}faél-_:wah'll \
.  Particles I.i'n'FiI'nix' a.::ir::uli.i.;' r:_'mliﬂn: T
Which of the following 15 an example of a transverse wave?

@ Vibration ofa ‘rope B Wikesfna'spring | € Desp wavesofthe peean @) Water surface waves

0509886279 suc pliac ¢pan e /1 N
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Which shape shown below represents a surface wave?

T i gt Jaf alind Al 2N g

Nl

0950 13 bl dan 1 b s slglt S gl
gl JUE sl iabain ] el 3 Gl a0
Sleal! s il s et L ST snga s LS

In this type of waves, the medium’s particles
follow a circular path that is at times parallel
amd at other times perpendicular to the direction
of wave travel, as shown in the Figure, What is
the name of this type of waves?

— ——
Primary waves Ayl Slaga
= . T ——— == == —~ e s . -3
I ILangItuﬂiEnl ;ugrpives ; oo K Tlgle Sla g
' e e e B e
[ Traffiverse waves = 0 amaiieiles
'-I-—l-.._ -

I W Su::fare WS . o TN ) e T sl Sl

| 3 ]| 0509886279 sue pliae cran dlae /1
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AL e g i B i i« S L bl s ! D s iy
wla g gl el on 3 palealt S ) F 0 e R (i A gl g sl gt
Flhallt oyl il

A speaker is placed noxt to a flame, a loud sound wave is played
throwgh the speaker causing the Mame o vibrate.

ﬁ' Which of the nllowing rows describes, correctly, the type of the
wave and the direction of the flame movement?

il 8 e s x
T of waves ! - i
Lia Direction of flame movement ‘e th
A Longitudinal — FRN
B Transverse Y— ek s
C Longitudinal e
)] Transverse e

Which of the following is an example of a transverse wave?
&) Vibration of a rope (B Waves in a spring
(©) Deep waves of the occan i Water surface waves

1. The adjacent figure shows the movement of water particles at the surface, where they
follow a circular path, sometimes parallel to the direction of travel, and other times
perpendicular to the direction of wave travel.
What is this type of wave named?

@' Longitudinal Waves (B}  Transverse Waves m

€ Standing Waves idy  Surface Waves
2. In this type of waves, the medivm's particles follow a circular path that is at times
parallel and at other times perpendicular to the direction of wave travel, as shown in
the Figure.

-

What 15 the name of this type of waves? ; e
@) Longitudinal Waves ¢ _ B -, Trahsversse Waves E

© Standing Wates I O ) Surfave Wives

3. Awave disturbs objects in the riedium perpendicular to its direction of motion.
What type of wive 15 this? m 0

A | El;-.‘;u!ui WAVE (BT Soundwave e Lm_:u;_ﬁ'udiﬁﬂ wive— | (d) Transverse wave

0509886279 ucplaccyasgiucd 4
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4. A wave disturbs objects in the medium parallel to s direction of motion.
What type of wave is this?

fay Circularwave (B! Sound wave (€ Longitudinal wave (d} Transverse wave

5. In the figure, what tvpe of wave is prﬂp’lmtmb in the spnng and in which direction is

A A P A A\ A R oy
it traveling? VAYAYAY | AA |||.r|I Ilr'."l' TAY) '._.' \
@ Longitudinal and propagating to the :'igl]t (b} Longitudinal and propagating to the left
@ Transverse and propagating to the right id} Transverse and propagating to the lefi

6. The figures below show two different waves produced in a rope and a spring.
Which of the statements correctly describes the waves?

2,
h-' LTI JATTRTIRT AT TITE
QEETTITIT— =PRIy —— 1T
--h--- i WA R T
- T N

L] -

@ Wave 2 is a transverse wave and disturbs the particles in the medium perpendicular
to the direction of the wave's travel

(b} Wave 1 is a transverse wave and disturbs the particles in the medium perpendicular

to the direction of the wave's travel

&) Wave | 15 a longitudinal wave and disturbs the particles in the medium paralle] to
the direction of the wave's travel

) Wave 2 is a longitudinal wave and disturbs the particles in the medium
perpendicular to the direction of the wave's travel

| s | 0509886279 sac pliac cpan dlase /1
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Learning Qutcome 2

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

Apply the relation { v = Af )to calculate wave speed, wavelength, or frequency

Wave Equations  Revision Summary

. Freguency and Period

| -

T s period; s frequency.
Rules
« It Period increases — Frequency decreases

» If Period decreases — Frequency increases
2. Wave Speed Equation

Where:
« v = Wave speed (m/s)
« &= Wavelength (m)

« F=Frequency (Hz)

Derived Equations (Important)

i i
A=-
A

0509886279
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Example Problem 3 Characteristics of a Wave

A sound wave has a frequency of 192 Hz and travels the length of a football field,
914 m, m0.271 s.

a. What 13 the speed of the wave?

h. What 15 the wavelength of the wave?

€. What 15 the period of the wave?

d. If the frequency changes to 442 Hz, what are the new wavelength and period?

14. A sound wave produced by a clock chime 1s heard 515 m away atter 1.50 5, The
wave has a frequency of 436 Hz. What 1s the wavelength?

A 085 m B 1.77m €12.25m ) 3.00 m

15. Which equation correctly describes the relationship between wave speed,

wavelength, and frequency?

@v=~Lt Br=if ©Oi=vf Df=vi

16. What is the speed of a periodic wave disturbance that has a frequency of 3.50 Hz
and a wavelength of 0.700 m?

@020ms W245mls ©420ms @ S5.00m's

17. If the wavelength 'of a Wave ona rope increases by 50% while the wave speed
remains constant,what happens to the frequency?

o & e . !
@) Increases by 500 (' Remains constant 2 Decreages ) Doubles

| 7 | 0509886279 suc pliac cpan dlase /1
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18. The speed of a transverse wave in a string is 15.0 m/s. If the source produces a
disturbance with a frequency of 6.00 Hz, what is the wavelength?

@ 1.50m (b 2.50 m (€1 3.00 m ) 90.0 m

19. Five wavelengths are generated every 0.100 s in a water tank. If the wavelength is
1.20 cm, what is the speed of the wave?

@) 0.06 m's B 0.60 mis C) 6.00 m's 120 més

20, A pertodic longitudinal wave has a frequency of 20.00 Hz and the distance between
successive compressions 1s 0,600 m. What is the wave speed?

&l 6.0 m's B 12.0 m/'s (€1 20,0 m/'s i) 30,0 mis

21, How does the frequency of a wave change when the period of the wave s
doubled?

(a) Doubles b Decreases to half () Remains constant id! Becomes four times

22, If the penod of a wave 15 reduced to one-hall, what happens to the wavelength?

&) Decreases to half th' Remains constant ©) Doubles i) Becomes zero

23, If the speed of a wave mereases to 1.5 times its ornginal value while the frequency
remains constant, how does the wavelength change?

(@) Remains constant B Decreases {©) Increases by 1.5 times ) Doubles

0509886279 sic gbac asgine i | & |
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‘ When the frequency of a wave is doubled, and the whci'q.r of the wave does not
ch:ige What happens to the wavelenglh ul'lie wive?

Tl pall o pall el g Kl WP pun il Y il ,_,I:.I.-,_,.’ﬁ.n.'luyhu_..ala;_.l.u.t-

Decreases by half ; ittt T
I does nol change : iy
It increases by a factor of four e e M gl g gl ey
It donbbes Al S e e e pad] g gl s

A fire whistle ecmits o tone of 170 e The speed of sound in mir is
340 S5 What is the wavelengih of this sowncdT

e ) B S el A s | N T M 2305 M pes e (B add 1) g

FIBE ALABM | 340 mis
e i ¥ ilgadl G ..-“--“-—-.l-“...-'-:-“d.-nh‘h
| . LR G (=Y R i L wi il L 1]
2.0 m
5 m
0.2
I4m

A water wave travels from deep water to shallow water,
as shown in the figure, so its speed decreases, Which row
of the following table rows is correct for this wave?

M*&Eﬁﬂnﬁ“&ﬁ%&pgﬂ%%ﬂ
N o I8 J2 A LS
pLdthur.md*llJIH]_j..lfﬂupd o st ,‘;I

Dvrectian af travel wave: & MG dad

Ware hpi{i}gij'hd!u The period (1) (a3 | frequency(f) 44
‘Memains the same/ 25Y | Remains the same/ 254 ""Tﬂfé-;;m-
Remains the same/ &Y | Decreases (& | [0 Tnereasesbiy
— Decrensesii || Remiins the same/ 45 Y | Remsains (e same) 4 §

Increases/#4 Hmﬂm th same o Y Hemiru the same/ A Y

| o | 0509886279 B T




END OF TERM 3 COVERAGE {EB?E-EEEB}‘ SADV

20 M B63 FE) oW e e Sy el 0 201 g odin U V|
Tt e e SR el B g PO et e 1 pid e

I o mognitude of fregueney of simple peodolum on Eacth surface
was(l. 263 Me)

Whast is the peociod for this pendoalum ot the same place on Earth -
surfmee?
L L]
| 3. B0 x
1.8 =
“ [T 1 |l
T, x H

T e g (AR B el g 100) (20 L) g e e S i et

A source of wives produces longitudinal wave of wavelength 20 m with a frequency of
(10 complete waves in a second]. What is the specd of the wave,?

Z00F E
=

e
. R
*

zo.n =
-

A sound wave has a wavelength
of (4.0m) and travels with a speed
of (340m/s). What is the period of
the wave?

85.0s 0.006s

gl pla A0y A ga
G55 (4.0mM) o= 54l
Le . (340mM/s) 4 s

Taa gall (5530 Gl

0.0245 0.012s

0509886279 sic pliac ¢pan i /1 m
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What is the lreguency of a wave with a perlod of (3 0 =37

(3.0 _'I!:,éJj-\.l.‘. L,.ul_i,'tlﬂ Aga 23] e

TH=

0.3 Hz

I 3w Hz

3 Hex

What is the period of a wave with a frequency of (0.3 Hz)?

(0.3 HZ) Lasap gl gasadl pasll b

E

3ms [

I..:-!"'
=

e
o

U = ) g g e o e il 0 g R it
() ) o S B e

Figure on the left shows a wave obiained from a wave's
generator with leequency [F = 80 5 ') what is the
velochy @) of this wave?

F650 o a7

1 &l e 871
; { o
AL | oy _'-I 1 |
ot - - T |
| 11 | 0509886279 s plia cran e /1
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Learning Outcome 3
Deseribe that a mechanical wave is inverted il reflected from a fixed end and remains
upright if reflected from a free end
Wave Reflection
Fixed End Reflection (Rigid Boundary)
When a mechanical wave reaches a fixed end. the reflected wave becoames inverted.
Rule:
Fixed End — Reflected Wave is Inverted
Example:
e Crest — Trough
o Trough — Cres
Free End Reflection
When a mechanical wave reaches a free end, the reflected wave remains upright.
Rule: —_—

Free End — Reflected Wave Remains Upright T f %
Example:

s Crest — Crest
o Trough — Trough

When a wave crosses a boundary O Y “'-‘J"H-' s
between twa media thin rope and e A s 3 L
thick rope, as shown in Figure. o ey i]"'f ‘ﬂ'-":"l'l f\_
Which of the following is correct to -~ &% & {-L —
the wave? Thp el
nlmw:rd reqEy s it Freagoesioy ool sppeed obsngge. it (s worvelon g does s,
:J-F-;' %uﬂhﬁm T e ) L el 2
] o Al 1 Al | i
. * k 4 v el :
lis weavpiempil ond ppesd chomge; Bt ireguencr does sal i wavelimpl- e gy chargs, bt i apood doc
T o Ry e ey ol ] e P e e ke
—_—
A wave pulse reaches an end that is fixed as shown below, /-\
B Ly T RS
The wave is in the opposite direction,

(& inverted and maintains the same shape (B not inverted and maintains the same shape

‘) inverted and gets bigper in shape ) not inverted and gets bigger in shape

0509886279 suc pbac gasgine i | 12
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Learning Outcome 4

Deseribe wave properties like amplitude, energy of a wave, wavelength, speed, phase,
period, and frequency

Wave Propertics

Property Definition

Amplitude (A) Maximum displacement from the equilibrium position

Energy of a Energy carmed by a wave and depends on amplitude
Wave

Wavelength (i)  Dustance betwesn two successive corresponding points (crest crest or
trough trough)

Wave Speed (v)  Distance travelled by the wave per unit time

Phase Position of a particle in one complete cyele of motion
Period (T) Time required for one complete cycle
Frequency (f) Number of complete oscillations per second
a LAUA T il b 1 s el ol iy e 55 i g L
v
1 S The fipure shows two waves mowving at the same speed. Which of
B == = the following is true?
Wave A has less frequency than wave B B A el T 205 L A gl
Wave A has a greater frequency than wave B Bapdl e 8 i A
Wave A has less energy than wave B B A pall S A0 BT A G
Wave A has a greater energy than wave B B i gl 2t Al ABS A e gl

[ 12 | 0509886279 sac pliac cpan dlase /1
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Which wave in the dingram has the greatest requency?

SV AVAVAVAVAYAVAVAVAVAVAVAS
AAAAARAAAAARRA

JUYVVVYNVVV VYUY

 AAAANAN

AR AR AN AR AR AN R

PIR YRR ANTRPRAANY P RO PANY

T"E- él | Ly )| ,‘*-i,.l.’,d. ':i:l

i 4

The lpore shows two waves (4 and (B) propagating in the same medinm. The
preapeertics ol each of them aee weitten o (he falile showwin elow;

W kiich ol the T prossililities i\ (hic talile mwosl aecuvalely eliesde ilves !hl‘ R LG
ol emch of the fwo waoves (%) momd (182

tabhal Call gl s B contlvn LIS it e o] St B LA i g T

Fual g (IR g TN e gl e B it ot Syt w1 s 6
-
TWove TTeQUENTY | Waee apeed | Waree Enerdy | Waseiengin . |
aapollazd | Sopolacce | dapoliabds | aapoldeo |
AS R ]l ASEL | AR | ESeE |} E
ot N T, A A=§ A= B 2 Wawe [A}dngadl
Aeile - Py BoRCRI Y A== A=8 3 i
b= LA ety A >F: | A= | & |
Tablo jgazi U
Weane (0] qualt
| Figre i
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- The dingrams show two water waves (A and B that are
trwvelling ai the same speed on the surface of a pond,

. The dingrams are on the same scale

. Which of the rnllnwing rows is correct?

ﬁ“ﬂlﬂﬁﬂuﬁﬁl:@w O e SHAL md gy
e Al e ey SHELN A8 mla

T A0 Cighaall G )
T e e ———
- &
Greater Energy/ib &1 | Smaller frequency/s 5 3
B ®
Mm" .@ | Smaller freqquency! s & i
® ®
Greater Energv/ailh 581 | Smaller frequency s 3 8
& | &

I

| A transverse wave is fraveling toward the right as

¢ | shown in the figure, the amplitude of this wave ks 0.6 m.
| What is the magnitude of the vertical distance lnbeled

| by letter IL) on the figure?

, A gall ph A (JE Ll S g JET Al s A
i 06 g e
T e e (D) iy ) i Ll Bl e

1.2m

Z4m
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i : {._.- .-’Ltnwrhn.g wave as shown in the lgure, Al
R /\\ /\ " which point is 180 out of phase with point A?
N ol
: D G Ja e ] SR B i b LS S s g
g . T LB’ g s A ABRI Sy g pba
! nmmir-n-mmrmpm.-ah-#
D
E
'F
C
According to the wave figure. What is o A pall LB
the frequency of the wave? a5 ke Jo)
taa gall
0.2Hz ' 13Hz
50Hz 25Hz
Fag
=1
. | & 031
According to the wave figure, Which = 02
of the following is correct? Sl Gl = \ /\ /\
|
s Jd n E 00
preerall b N vl ) O Sk \/ \/ \
L (. i T -:.".':.'._.-L-'.-.'.'..: g--a.za
The nmraaagh -I'I.uquru- T n-_-;-hm :Ilr:ll-.lil'i-l'_l B | {T'I'I} _.J-\-L'ﬂ'-ﬁ-lll.;:-ﬂajlu'--ﬂ“
gt o I"— | _u_{-'i"'ff" u;:' . > Distance from source (m)

[ e BN ]
i i1
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Learning Outcome 5

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 individoal wave amplitude, for
two overlapping waves (same wavelength) traveling in opposite directions.

el —— & e

2ocm | | P [ cm
i 1

M

P +rm

I

L

&£ ET

—[" || 1em :

==

h

_ : Pulse A  Pulse B
The diagram below represents two identical wave pulses ¥

approaching each other in a uniform medium. As the wave
pulses meet and are superposed. what 15 the maximum
displacement of the medium?

l
T

&

Displacemeant cmi)
I a Il -
i/

@ bem Bbem ©3cm @oé6cem

As represented in the duiagram, two wave pulses X and Y are traveling toward each other in a
rope. Both pulses have an amphitude of 0.30 m. Which diagram shows the pulse produced
due 1o superposition?

0.30m

et T

0.30m |

[ 17 | 0509886279 suc pliac cpan dlase /1




END OF TERM 3 COVERAGE {EBEE-EEEB}‘ SRDV

Two trinngular wave pulses A and B are traveling toward each other on a stretched
siring, each pulse spaecd s (2 0 oS, s shown in the Figoee when (F = 0 55,
Whatl is the resulting shapye of the interference of The Two waves al tlime (F = 2,0 27
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. o B e P Sl s 0 T ] gl bt i ]
S Tl JEZ a3V Dlalnl) 51 gl o810 e

r Twin wave pulses on the same string are headed
towards one another as shown. When both occupy the
same space, which diagram best describaes the
resulting wave form?

=

oy

—s e 9 S il a1 g ] e g g S ]
T 1 2 s S 1 o5 e

s Two wave pulses on the same string are headed

towards one another as shown. When both occupy the
— same space, which diagram best describes the
resulting wave form?

N i -

F

s

=
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Learning Ouicome 6
Define nodes and antinodes and deseribe how they are formed

1. Node (M)
Definition;
A node 15 a point that does not move because the displacements cancel each other
Formation:
¢« Two waves meet

s One crest overlaps with one trough antinodes :

« Resultant displacement = 0 _ ; '
Tvpe of Interference: ™ -Ih-'f »
Destructive Interference -
Rule: | -

+A+(-A) =0

2. Antinode (A)
Definition:
An antinode is the point with the largest displacement.
Formation:

« Two crests overlap

OR

o Two tronghs overlap
Type of Interference:
Constructive Interference

Rule:
A4+ 4=24
Nodes and Antinodes
Term Definition How It Is Formed Displacement
Node (N) A pont where the Formed by destructive Mlimimmm (1)
resultant displacement  interference when two waves
15 ZET0 overlap with opposite
displacements
Antinode A pont where the Formed by constructive Maximum
(A) resultant displacement imterference when two waves
15 mAaximum overlap i the same direction

The diagram helow |Epr°esnn[5 a standing wave in a srrm.g Mﬂ:lmum constructive
Ellqullng Wave
interference necurs at the

(@) antinodes A, C and E C_El nntmudﬂ B am:l D '>i BI

) nodes A, C and E 4l nodes B and D
0509886279 sue pliac ¢pas e /1 m
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Learning Outcome 7
Determine the wavelengths required for the first several harmonics on a string under
tension in terms of siring length

g —

'rl
r

Standing Waves and Harmonics " L
For a string fixed at both ends: -l
21 S
"1“ — —— Fursiaree plal o frsi barrenese. i)
Where: ' i
o by = wavelength of harmonic n U ——
« L = length of string =
« n = harmonic number (1, 2, 3, ...) | — :
Becml (ennes o thind barmasaks, F =
Harmonic Freguency Length Wavelength  Number of
Relation Relatiom (L) (4) Loops
Fundamental / First hi 1 A, = 2L |
. L - _.l:q]_
Harmonic 2
First Overtone | =2 L =4 Ay L 2
Second Harmonic
Second Overtone / fh =34 o 1 B 2L 3
Third Harmonie T 2™ i 3
Third Overtone / fa = 4f4 L =24, P _E 4
Fourth Harmonie w2

The diagram shows a rubber band fixed at both ends forming a standing wave. The rubber
band length is 0.36 m, and the wave speed is 24.0 m/s. The standing wave has 4 antinodes,
Based on the diagram, choose the correct wavelength and frequency.

——— L =036m ——»

Wavelength () Frequency (f)

0.09 m 65 Hz .
g 1
 0.1¥m 133 Hz ? ! ! T
N = P (R R Nede
@ ﬂ_?: m a2 Hz Animurie Amiligwsdhe Akl nowds Antinode
@ 036m 260 Hz 4 antinades (n = 4)
A M TR
e | | .
.t]: | -i' -\.'_ 4 - 1
-, T ~ g Fial
17 24, ﬂ' f =133 g™}
o = ‘
&= Rk A, | . (133 Hz)
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#0 LS kel gl g0 Wi g gyl R s Sl g

f . - -H;.ﬂ"
AP e AT i gl 43,5 1L gl a0 it e 1
— T T —— AT ey —— L™

Standing waves are created in four identical
stringes, as shoawn in the gare, The strings are
of length [ F].
e n Which of the following is the correct ranking
i al the Teedguency prodaced in the T sUrinags T

fazFfe=fe=/p

‘ fa<Ic<Ffa</fo ‘
‘ fazfce=fez/o
‘ fo=fa=fe)=fp m

A standing wave 15 created in a swimming pool when a wave interferes with its reflection ol
the side of the pool. The standing wave 15 5.60 m long and has 2 antinodes.
What is the wavelength of the wave?

(@) 2.80 m B 11.2m
©) 5.60 m ) 1.40 m

Aninede Py ArA sy

A rope stretched between two fixed points 80 cm apart vibrates with 5 nodes.
The speed of propagation of the wave in the rope 15 20 m's, +———— 80ecm —»
What 15 the frequency of the vibrating rope?
@ 40Hz (o0 Hz -
©20Hz {50 Hz I ;

Mods N Mode Mode Made
A string is 92,0 em long and its lowest frequency (fundamental frequency) is 92.0 Hz.
Which frequency will create a standing wave with 3 antinodes?
@ 46.0Hz 184 He | i{é'- 6y dRNAHz A

0509886279 suc pliac gas Pl /1 E
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Learning Outcome 8 — Sound Waves
Define sound as pressure oscillation transmitted through matter and explain that sound
is a longitudinal wave with frequency, wavelength, and speed.,

A wave 1s a disturbance that transfers energy through matler or space without transferring

matter.

=  Sound is a type of mechanieal wave that travels through a medinm {matter).

e Sound waves are longitudinal waves. meaning the particles move parallel to the
direction of wave travel.

«  Sound is produced by vibrations that create pressure variations in the surrounding
medium.

Examples of sound sources:
» Tuning forks

» (iuitar sirings il T

» Vocal cords l %ﬁi}:‘@'ﬁt ole
s Speakers £

How Sound Waves Travel -.-..m:.-

When an object vibrates: R

» It pushes air particles together — Compression
» [t spreads particles apart — Rarefaction

Compression I ' ]|
Fegion of a longiudinal wave where: ,{ lk ﬂ
I "

+  Pressure — maximum
Rarefaction

I i |

Region of a longitudinal wave where: I ' ‘ I ] I
=  Pressure — minimum & J ] |I 1
Haiihuis B v

maf—
=

LT [P S

W L ST el et - wY Sl ) D S

Vs The diagraim represenrs sound pulses eaveling
throvw air. The red point represenlE an aic
medrlrule. Wihileh of the Tollowviioeg aliagerinms

Ernp e

ropresents the motion of thee red proint as thae
pruilses prass through ake?

o m— o m s g e e — —— — S -
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e (B0 5] A0 g el i e it e B g SR g
A Tigdgal i 121 1o
I
i“.& | The figure shows a sound wave produced by a loudspeaker.
ﬁ The sound propagates in the air af the speed of, (3706 m,'s)

The frequency of the sound wave?

| 200 Mz |

A M

AZD HE |

Sl M

LR L TPRE . {AS LT A A et .:u._l..'r-l [ 207} D J..q-_;.'h.._n.'..l-..l..lj
iy el (A Sp g bl Jhplal ol 8wl Syl Jl..l..l.l..i.'l-.- alaag
,..u{%] 23 A G plia)  papinay e pd! Jpkadl o icdadl | 15
. I T

Toplenth eI e e ol b Lfiad e Al L

In a laboratory with a lemperaiure of | Z20%C),
an experiment was condncladd wsing tuning Forks
ol different Mreguencies, Tn the expaeriment, the
wavelenmpth (A ) of each of them was measaeed,
and the relationship hetween the wavelengih and

The inverse {reciprocal) of the Treoguency |:: } WA
plori el s shoswwm im (he Flgore,

Whai physical guantity is represented by the
shogeer of the line af baest (0 on the graph?

l Sound Aavplitude Sl | Sme
I Sowmad Spaeedd NG (1§ T
l SHound ITntensiny PRS-
l ol Powaenr ot et | Bl
- i ‘
The diagram shows waves wreihdl o A e ]
move out from the bel after it i $ W '
has been struckin air, Which of SyLs J:":,:;I ¥ 3
thpe f{rli:_l'.l.-iﬂ-:i; s corres T iq
according to regions & and BY ‘B AL E:llr g e
5 L ok P oL
[ 2 1 o o |G | O
E | o I'.I .-I. 1 I;: -~ . --m':ll__';.' LN |.-.|- .!,.;'J..---!..I—lg" r
I— A e N B l": S LSRRl el R | B
| oh pressE Liw L Yoo High pressure ITigh pressare
| eliad - [ | el e S pi b Pt
A i 2 . o Aolllr | o S
Low pressure | L U T 11 pressuby pressure
ponatiha (el ikl | | p R o ) || phiella
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An experiment was conducted 1o find the speed of a sound wave in a medinm, by sending
sound signals at different frequencies, and measuring the wavelengths (A} in meters for
each frequency. In a graph, the relationship between the wavelength and the reciprocal of

the frequency L:] was represented in milliseconds, and the best straight line was obtained
as shown in the figore.

What is the speed of sound in that medium?

Al iy () Rl S by Ailiind Szt Rty AL Jhanyls Ly Sy & 3 ompn A am o Ly
ot da il o Sttt 5 [ £ ) a0 gl g bt Sl oy AL} ks o il s gt 233 S0
K $ggesaLis

gl 3§ ol e

iO

oo -
ff/
"l
- (s
1560 m/s
340 m/s
; 5100 m/s
3450 m/s
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Learning Outcome 9 — Specd of Sound
Explain that the speed of sound varies with different medivms and temperatures

Specd of Sound
Sound 15 a pressure wave that travels through matter by particle collisions.
The speed of sound 15 not constant; it changes depending on:

1. The medium through which sound travels

2, The temperature of the medium

1. Effect of the Medium
Sound travels at different speeds because particles are arranged differently in each medium.
Greneral rule:

solids > Ligquids > Gases

» In solids, particles are tightly packed — sound travels fastest.

= In liquids, particles are less packed — medium speed.

« Ingases, particles are far apart — slowest speed.

« Sound cannot travel in a vacuum because there are no particles.

Speed of Sound in Different Media

Medium Speed (m/s)
Air (0°C) 331
Adr (20°0C) 343

Helium (0°C) D5

Water (25°C) 1497
Seawater (25°C7) 1535
Copper (200C) 4760
Irom (20°C) 4904

1. Effect of Temperature
For sound in air:

= Speed increases by approximately: 0.6 m/s

for everyl°C
increase in temperature,
Formula: : .
== vy F0.64T

Where; * : 5, 1 o e
s v— new speed of sound
» vy— initial speed

» AT h:mp_cfﬁlurc change

0509886279 suc pliac ¢pan e /1 | 26 |
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Example
Estimate the speed of sound in anr at 25°C.
Ciiven:
g = ?4"-1 m,.-f:;
AT =25 =20 =5°C

Substitute:
= 343 + (0.6 X 5)
ir = 346 mfs

Answer:

EE-'-IE- m,.-'s|

Important Relationship
The wave speed depends on wavelength and frequency:
v=fA
f is frequency; & is wavelength; v is wave speed.
kev Motes
» Sound is a longitudinal wave.
» Particle motion is parallel to wave direction,
o Frequency does not change when sound enters another medium,
« Wavelength changes because speed changes
« Higher temperature — higher sound speed.

Which medium has the greatest speed of sound?

A Air b Water  (€) Helium ) Tron

A sound wave takes about 0L02 s to travel through a material that is 30.0 m long.
Using the data in the table below, determine the material,
Speed of Sound in Different Materials

Material (20°C7)  Speed (m/s)

Air 240
Cork 300
Steel 5800
Water | 500

A Air b Tork- C)1Stesh]] ) Water

[ 27 | 0509886279 suc pliac cpan e /1
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Learning Outcome 10 — Pitch of Sound

Define sound piteh and relate it to the frequency of a sound wave
Fitch

Fitch 15 the highness or lowness of a sound as perceived by the car.
Pitch depends directly on the frequency of vibration.,

Relationship: sigh piic L[ fl (i
Higher Frequency =+ Higher Pitch W
: . Lower Frequency =+ Lower Pitch i ) Yty N .-“ﬁ'n
xamples: ST T T
= High pitch —= whistle, bird sounds
* Low pitch — drum, thunder 1 second
Key Notes:

= Pitch depends on frequency only.
= Pitch does not depend on nmpllhlde

T o v

e e R e R
Toiatgpm Bt il Lol Bl S0 Satlull pp o 0

i .". A ,', 1! P ‘ An osclllscops displays Toar seamd waves frons
" -J different souwrces.
¥

.ﬁ; F L, Whick of the followiug graphs represents the wave
L B wiih the bighesi pitch”

: — ——
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The figure shows two sound waves A and B produced during the same fime inferval {1 second).
Which wave has the higher pitch?

1 seoomd 1 second =3

25 PN Yol
= A

A B
(8 Wave A has a higher pitch because it has a lower frequency
() Wave B has a higher pitch because it has a higher frequency
€ Wave A and Wave B have the same pitch
il Piteh depends on amplitude, not frequency

Learning Outcome 11 — Loudness of Sound
Define loudness and refate it to the amplitude of a sound wave

Loudness
Louwdness is the intensity of sound as perceived by the ear and interpreted by the brain.

Loudness depends primanly on the amplitude of the sound wave.

Relationship:
Gireater Amplitude — Louder Sound

smaller Amplhitude — Softer Sound

[Decibel (dB)]
Examples:

« Larger wave amplitude — louder sound
« Smaller wave amphitude — quicter sound

Sound Level Unit;

Bl el il dSGN el b gl

[ 29 | 0509886279 suc pliae yas e /i
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Which of the following is not piea pt A Lea 5
correct for pitch and loudness of gl Bamd Al
sound? P43l

In the figure, an ascillescope displaoys four sound waves from

differeni sources,

Which of the fallowing graphs represents the wave with the

highest louidness (Intensitv)?

Tl bl fa hgﬁrii&m Sl ga g« Sibpdad st y” Pl (BT Y
gl o) s st ol L) gl st Ll )

O < 11
LAl

e

=1

o e ol
-__.l_""._-'-j-\'ﬁ .l'r'ulllx.:-r"..ﬂ'-':'jh:.-?

b =

L8 | =
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If a sound wave's intensity 15 increased, how will it affect the sound’s loudness?
‘A Loudness wall increase b Loudness will decrease

(€ Loudness will remain unchanged ) Loudness will depend on the frequency of the wave

An engimeer lests two sound waves:
Wave A with a frequency of 600 Hz and Wave B wath a requency of 300 Hz

Which statement best describes the relative pitch and wavelength?
8 Wave A has a higher pitch and shorter wavelength than Wave B
b Wave B has a higher pitch and shorter wavelength than Wave A
) Wave A has a lower pitch and longer wavelength than Wave B
‘) Wave B has a lower pitch and shorter wavelength than Wave A

| 51 | 0509886279 suc pliac cpan dlase /1
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12, Desieribe the sound level and define the decibel (dB) as a unit of measuring sound
fevel
Sound Level {Loudness)
=  Sound level 15 the perceived intensity {loudness) of a sound by the human ear.
s [t depends mainly on the amplitude (intensity) of the sound wave.
s  Because humans can hear a very wide range of sound intensities, sound level is
measured using a logarithmic seale.

Decibel (dB) Siound Level Soaie i}
» The decibel (dB) is the wnit of measurement of sound level,
» |t expresses sound intensity on a logarithmic scale of sound intensities. | .
» Larger dB values mean a louder sound, Preghf o immye lom-

=

e SRS

key idea O — i
e D dB — approximately the faintest sound humans can hear. -- i "_
« Increasing decibels means the sound becomes much more intense:

20 dB — about 10= more intense than 10 dB

40 dB — about 100= more intense than 20 dB T

o 80 dB — much louder than 40 dB . AL I-'-r “

i Do Senle I
o ok ol s Til Al H dﬂ]“"—"'ﬂliﬁyﬂw'w#
| Rawlp woitls  Cpaaln il R =
I -
= i A% o L5 o Which of the following quantities is measured in
PR 7 damim | e WA S Fo decibels fdﬂ'] 7
Energy of sound =T 1
Pitch of sound Sigeal dr 33
Loudness of sound gl | 3ok
Sonmid lewvel (=T

0509886279 sc pbacgangilacd | 32 |
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‘. HAB) Sl i g obis 351 Alindd) ZleaH 5

&5
' J Which of the following physical quantities is

measured in decibels (dB)7?

| Sound Piich gl B

i Suun:l I.I}Il-ll:ll‘:is . Sigual! (B JJ.,;} ole

l Souni L:vel gl gt -
l Sound Amplitode COS [P

Which of the following physical quantities measure the soumd

v e . & TE DOy
intensities on a logarithmic scale? - 22

Sguislig) aliia e Sipuall St papds A AN SAuaSH gl

I Sound Pitch Sopeaadl G [

I Sound Loudness Sl (55l ) e l
Sound Amplitude -;.,.,..Jl ia

‘ Sound Level s : Sl s
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13, Doppler Effect

Doppler Effect — Organized Review
1. When Objects Move Toward Each Other

o Distance between wavefronts decreases ! . ™
=  Wavelength (A )decreases s _
»  Frequency (f)increases ta o +_ n

2. When Objects Move Away From Each Other
« Distance between wavefronts increases
«»  Wavelength (A)increases
« Frequency (f)decreases

(=210 T L] CHismrsws
n

|

13, Apply the Doppler Effect Equation to calculate different frequencies and velocities

fa=fi(—2)

t*— .

Syvmbols;
s [4= detected {observed) frequency
« f.=source frequency
« v=speed of sound
o vy~ speed of detector (observer)

o V= spied of source

Motion Observer (Detector) Nource
Toward +

Away i5 =
A guitar player sounds C above middle C (523 Hz) while traveling in a convertible car at
24.6 m/s.
If the car is moving toward the observer, what frequency would the observer hear?
Assume:
e Speed of sound in air = 343 m/s
» Source frequency = 523 Hz %
o Detector is at rest

0509886279 sue pliac ¢pas i /1
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Wl B i e g slamily 9. 20 1705 X pad A Ml gl 2y
130+ 3. 50 M2 oy i 33 sl 35L3) A Rl g gt | g
Bien e 01 200 e TAE2 5 ML § a5 Sl

III 'r-l =3 S Mz E '-'I:E]LL‘..'I-_.-'_-H.'l
-
s A submarine A is moving at (9. 20 m/5) towards
» e another submarine B, at rest, The Sub A sends out
By =0 20 s [ ] !

a sonar signal at (3. 50 MHz ). IT you know the
speed of sound in water is (1482 m /s ). What
frequency woulld the second submarine (B) detect?

5.22 MHz A
L
4.32 MHz b
' 1.48 MHz C
=
1.52 MHz D
BT 7000 b (9) g ke i ik s ot (0. 250) T T 0 i
e 4 ) 84, Gpen e

) 10 e 01 i e

A train is traveling with a constant speed(D. 25 loward an observer
standing on a platform, where (v} is the speed of sound. The train
sounds whistle ol a Feguency (.

What i% the abserved (reguency?
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A stationary siren wails a sound

wave of 390Hz traveling in the ol e L
air towards an observer who Ly
runs towards the siren at speed o S5 (390HZ) aa s
of (5.0m/s). If you know that the =S Bl g sladls el gl
speed of sound in air is 345m/s, SN B _bla sladly
what is the wavelength of the Zaale 13) . (5.0m/s) Ae e
sound wave received by the o el ALy )
observer? Lad o (345mM/s) ol sl
Ag geall o gall oo gall ] glall

Tl jall elatig A

| esz2im- . os72m NGNS

A ship’s sonar uses a frequency of 22.5 kHz. The speed of sound in seawater is 15333 m/s.
What is the frequency received on the ship that was reflected from a whale traveling at 4.15
m's away from the ship? Assume that the ship i= at rest,

@224kHz | B219kHz - ©220kHz @ 23.1kHz

A triin moving toward a sound detector at 310 m/'s blows a 305-Hz whistle. What frequency
1% detected on each of the following?

a. a stationary train

@278Hz @335Hz (©305Hz @352H:

b. a train moving toward the first train at 2 L0 m/s
@324Hz  W35THz ©305Hz @ 388 Hz

A trmin moving away from a sound detector at 31.0 m/s blows a 303-Hz whastle. What
frequency 1s detected on each of the [ollowing?
a. a stalionary train

@280Hz B305Hz (©331Hz d354Hz

b. a train moving away from the first tram at 21.0 m/s

{8) 241 Hz (b 263 Hz (C) 280 He i) 305 Hz
Y ou are in an auto traveling pt25.0 m's foward a pole-mounted waming siren. If the siren’s

frequengyi is| ﬁﬁ Hz. ‘what frl: qr:n;';-.f d-n'yuu hj:m"‘i' e 141 mi’a‘a& ﬂlc qpc-::-:l of sound.
@338 Hzr BRI Hz Jﬁﬁ H.r" W 4TR Hz ;
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The Tollowing table shows data collected from an investigation into the relationship
between the velocity of a moving sound source and the frequency detected by a
stationary listener.

Experiment Velocity of Sound Source Frequeney Deteeted by Listener
Number {m/s) iHz)

1 0 G0

2 [0 ®74

3 20 A0

4 30 8527

a) Was the sound source moving towards or away from the listener?

Answer:

The sound source was moving away from the listener.

Reason:

As the velocity of the sound source increased, the detected frequency decreased, which is
a charactenstic of the Doppler Effeet when the source moves away.

b) Use the information in the table to caleulate the speed of sound during the

investization.
Given:
« f, =900Hz
« f;=874Hz
s 1. =10 mi's

&
s Uy =0m's
Doppler Effect Equation

fu=fi [—2)

P —
Substitute:

874 = mm{v_pm}

Multiply both sides:
874(v — 10) = 900w

Expand:
874r — 8740 = 900w
Rearmange:
—261r = §740
r=-—336.2
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The table below shows how the detected frequency changes with the veloeity of a moving
sound source approaching a stationary observer:
Experiment Number  Source Velocity (m/s)  Detected Frequency (He)

1 0 M)
2 10 o7
3 20 956
4 30 Lt

The sound source is moving toward the ohserver.
Using the Doppler effect for sound waves, estimate the speed of sound during the
experiment.

(8 300 m/s B 320 m/s C3ems ) 343mis

The table below shows how the detected frequency changes as the velocity of a moving
sound source increases while it is moving away from a stationary observer:
Experiment Number Source Veloeity (m/s)  Detected Frequency (Hz)

1 0 G}
2 14 874
3 20 850
4 a0 827

The sound sonrce is moving away from the observer.
Using the Doppler effect for sound waves, estimate the speed of sound during the
experiment.

@30ms  D30mis ©36ms D 3MImss

The graph shows the relationship between the velocity of a moving sound detector and the
detected frequency of sound emitted from a stationary source.

a) The detected lrequency decreases as the detector velocity increases.
What does this mdicate aboul the motion of the detector relative to the sound solirce?

-

() The detector is moving toward the source o
' The detector 1= moving away from the source
€] The detector is stationary

il The source and detector are moving together

L5

L <]

Tt il Py i [ o 6

.
m H . = ]

b) Using the data from the graph and the Doppler effect for sound waves, .~ =~ .
estimate the speed of sound.
@3oms DI0Oms  ©3Bems DI ms
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14, Resonance in Air Columns

Learning Outcome

Recall that resonance is the increase in the amplitude of vibration that occurs when an object
vibrates at its natural frequency due to an external periodic force.

Explain resonance m air eolumns and give examples of different instruments.

What is Resonance?
Resonance occurs when:
« Anobject is forced to vibrate at its natural frequency
» The amplitude of vibration becomes larger
#  The sound becomes louder
Maximum vibration happens when the driving frequency equals the natural frequency.

Hesonance in Air Columns
An air column i3 the air inside a tube or pipe that vibrates to produce sound.
When a sound source (such as a tuming fork or lips in a trumpet) produces vibraions:
s The mr particles mside the tabe begin vibrating
= [f the vibration frequency matches the natural frequency of the air column:
¥ Resonance occurs
The sound becomes stronger and louder

A resonant system has a landamental frequency (f, = 140 Hz). IT the next
frequencies that able to give resonance are (280 Hz ) and (420 Hz). Figures (1-3)
show musical instruments whose working principle is based on resonance.

Which musical instrument achieves the resonant frequencies in this system?

(3] Fhate oplif (2] Clariet cuiy [} windin glag
Dpen Fips :.-*u'—'.w.'-" Cloamd Pips b dall i o pa T
$(ZB0 Hz) p ol allae) e jalall 000 Saaill ezl L 5 = 140 Hz) palai a0 4 gpplh alla
il e s Ll Totss Budsnga o s (30 1) 5291 (420 Hz)
Tpllial) e b o 1 Sibasd B Apdimngth 20N 4
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-k e e 30 g 5 Al R 100,30 3 (500 HZ) i b 5500 ulat 2050 56 11

If a puitar string has a fundamental frequency of (500 He).
which of the following lrequencies can set the string into resonance?

e e e e e ermrmme om om w m — mr

THO MNE

17500 Mz

| 150N M

1250 Wr

e e i e ] g el i gyl
23l Sy ke ol Byl e s ki b e gl (gl 3

TAALALY el gl

Hili Fun Park in Al-Ain city has an outer open
organ pipe resonator. When the air temperature
increases; What happened (o the lundamental
frequency of the closed pipes?

| Goes up il
I Coes down A I
“- Stays the same A LS Ao

Is impossible to determine S o il e I
The figure shows the first Ol J vl (8 ma g o
resonance length of anopen au B T s rgauyg_“a' Jpl! |
pipe (H.thé frequéncy of the [t AN ﬂﬁ.'ﬁaﬁl_;;élﬂﬂ' e
sound is 820Kz, what is thespeecl 42 L BJ0Hz 3l '
of the sound? , - 1\ Tegual +
H_zﬁ];}s_g. = ' 2 .:_j'ﬁ}#m:’s" = _'.'s (PSNE 21 61 mis
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. Al iy bk eyl 0235 Lt e iy Lo ) S e i g
. $ i Clanrdy peetl] 8y 533 Gy Gy By el iy by g § ol o]
. fopaluell & cad ! pasE cp REMA) cdend BllE) Sl Ladl f

A pipe open al both ends resonabes af a Tundamental
Mrequency [ ,,...- When one end Is covered and the pipe
Is again made to resonate, the fandamental frequency Is
5 ficiospae Which of the following expressions describes
V' the relation between the two resonance frequencies?

r(d-:uﬂf] — .rl,apen:]

1

3
[ ictavedy = 5 Fiopen)

fu'dmn:!'l = E.Frluperll |
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15, Light Sources and Types of Materials
Learning Outcomes
= Differentiate between luminous and non-luminous sources of light.
Ray Model of Light it rap
Light travels i 1 l"‘. |
« Straight lines called rays N, !
When light reaches a boundary, it may:
+  Be reflected g |
s Be refracted bt |
« Continue in a straight line
Sources of Light
1. Lominous Sources
Objocts that produce their own light. r
Examples:
* Bun
®  Stars

+ Light bulb iz w
» Candle flame
s Fireflies

Television screens
Luminous objects can be seen because they emit light.

2. Non-Luminous Sources
Objects that do not produce light.
They are seen because they: f
= Reflect light from luminous sources. ﬁ#
Examples: A

« Moon
¢ Planets

»  Books
+ Tahles
= People

The Moon appears bright because it reflects sunlight.
Comparison of Light Sources

Property Luminous Source Non-Luminous Source
Produces its own light Yes MNo
Needs external light Mo Yes
Visibility Ernits light Retlects light
Examples Sun, lamp Moon, chair
sdbaadl Sa JAGN ._-;5 Which of the following is a light
T TAliaall ?source

T
I'.:::" 1.“:" h‘l i

e e . £l A _,F_m,ai ‘
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1. A(m) , like the Moon, reflects hght.
(@) laminated body 1 radiating body i) reflecting body i illuminated hody

2, Which of the following i= a luminous source?
) Moon (B Planet (€} Sun i) Earth

3. Which of the following is an illuminated source?
(A Star I Candle Mame ) Sun ) Moon

4. Which of the lollowing 15 a light source?
(@ Mars () Earth (€} Polar star i) Moon

5. Which sources appear bright due to reflected light?
(@) Luminous sources (b Hluminated sources
€ Opaque media () Transparent media

6. Which sources emit light by themselves?
(@) Opagque media 1 Muminated sources

L) Transparent media i) Luminous sources

Differentiate between transparent, translucent, and opague materials.
Light and Matter
Light can:
«  Be absorbed
e Bereflected
s Pass through materials
Matenals are classified into three types:

I. Transparent Materials ﬂ
« Allow most light to pass through.

g
:

» Ohjects can be seen clearly through them.
Examples:

» Clear plass

s Air

o Clean water
Transparent: transmits most of the hight that reaches i,

2. Translucent Materials
e Allow some light to pass through.
s Objects appear blurred.

e
f§i.

Examples: ; (i ¥
« Frosmdighst\ 1) (O) || 4, (0) 4 SIS
P 1|."|-rin pﬂ.p{‘-r | s | e el ¥ e -

Foggy plastic

« Thin tissue paper
Translucent: tran*-.rrnlh and reflects light-but does Tt H”I::lw-ﬂ-h_]EI;T‘l. to-be scon clearly
through it < - . .
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3, Opaque Materials
= Do not allow light to pass through. ORACUE
= Light is mostly: ﬂ
¥ Reflected

¥ Absorbed

Examples:
»  Wood
« Metal
« Brck
» Book

Opaque: reflects and absorbs light but does not transmut 16

Ouick Comparison

Type Light Transmission Visibility
Transparent Most light passes Clear image
Translucent Some light passes Blurred image
Opague Mo light passes Cannot see through
1. A medium that allows light to pass through but does not allow the light source to be
visible s .
(&) transparent b transgress ant (C) opague i) translucent

2. Which objects reflect and absorb light but do not allow light to pass through?
() Translucent media b Transparent media
i Opaque media E‘L Mone of the above

3. Which media allow most of the light to pass through, making objects clearly visible
through them?

(8) Translucent media () Transparent media

(o) Opaque media i) None of the ahove

4, Which media transmit and reflect light but do not allow clear visibility through them?
&) Translucent media l Transparent media
() Opagque media i) None of the above

Very thin, white tissue paper can best be described as
Jopague Bl luminous  (© transparent () translucent

(o s

Materials that do not allow any transmission of light are described as
tA) transparent T luminows ) trunslucent i) opagque

0509886279 suc pliac as e /1 E
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16.Define the following photometne quantities and state their 8] units;
* Luminous flux

* llluminance

* Luminous intensity

Luminous Flux (P)
Definition
The rate at which light energy is emitted from a luminous source,
Limit
#  Jumen (D)
Important Note
«  Luminous flux depends on the source only. e
s [t does not depend on:
v distance
¥ area size
Example
A 100-W light bulb emits about 1750 Im.

IHuminance (E)

Definition
The rate at which light falls on a surface.
Unit
»  Jux (Ix)
11x=11Im/m*
Concept
Iuminance measures how much light reaches a surface.
Examples:
e desk X
» wall - &
Muminance Equation T Vi T . S8 e
3 e
 4mr?
Where:
«  E=jllumnance (1x)
»  P=luminous flux (Im})
« e distance fromm source (im)
Key Notes
» [Increasing distance decneases illumimance, _
+  Thezame lumingus flux spreads over a larger area a4 distande indreases,
1. _ e thewite at which light falls oh-a-seface;
) Fluorescence B Muminance flirx ) Luminous flux i) Nluminance
2. What do we-call thet rate of fraght emisgion from & lumings sounee?
(4) Lumindas—Fix s luminance -~ ) Luminans iptensity - Glare of light

| 4= | 0509886279 suc pliac cpan e /1
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3. The rate, in lumens, at which light is emitted from a lightbulb is the bulb’s .
@) illuminance ) frequency (€] luminows intensity  4l! luminous flux

4. According to the equation

What ts the unit of P?
a Ix B Im ©ed i) cd/m?®

A What is the 51 unmit of iNuminance?
A B Im i ed il ed/m?

dlslmall 3lity) According to the equation
il 4mr? < ror®
What is the unit of P

P pulsd 8img La

. 1.0 ) L o=t S

Tl gl wgpeall jolenli G o peid! Silicds Jiad jpnend 13l

Whiat i wiir call the vate of light emlscion feom the lumindus souree oF lamp?

Luminosus Nux el
Iamin e 3 (oo |54 Biiem I
& : e
= P e e Ty e _..‘..J]. g U Bt |
1 L | | L 1 1 _-E | L Tl il | N} 1 L | 1 11 TN
| =y Sy e | T g R, | et
I M ""-;-' Lammmimasess Inll%y h Sl lil—i”lm I
| o of Hght [SI TEUT T
I fi - ||J P = "i'"“--. I;:i:“ e r"ﬁ I|I. I
L R W 7 e L) B A AR —— R '
Ao AN fad o GRS A N
@ Ltz :
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Two light bulbs (A and B), Bulb A has a luminous flex of (1000 Im), while bulb B has a luminous
intensity of { 100 cd ).
Which of the two bulbs is more effective (greater luminous infensity )7

I.El Bulb A, because it provides greater luminaus imtensity,

iy Bulb B, because it provides greater luminous iniensity.

gy Both bulbs have the same effectiveness, 100 cd .
(di  Bulb A, because it provides greater luminous flux. Hi ﬂﬁ

According to the equation
P = Al
What does the constant A represent?

@4r B 4wt (513 g () @

According to the equation
X =E % 4ar?
What does the symbol X represent, and what is its ST unit?

cd /m?

b Luminous Flux — Im

@) Luminance

© NMuminance — lx

) Luminous Intensity — ed

| <7 | 0509886279 suc pliac cpan dlase /1
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17, Hluminance of a Point Source
Learning Outcome
Apply the equation for illuminance of a point source to numerical problems,

Point-Source Mluminance Equation

Hiuminance (E) = Lumingug Flux (F) of Liprifaeis fndensidy (13
I T) = =
ArealA) der rd T

Relationship
Iluminance is:
e directly proportional to luminous flux
s nversely proportional to the square of the distance

Units
Quantity Symbol 51 Unit
Huminance E fux (1x)
Luminous Flux P lumen (lm}
Distance r meter (m)
Example Problem

A lamp ermats a luminous flux of 1750 Im and is located 2.50 m above a desk.
Find the illuminance on the desk.
Given

« P =1750Im

« r=250m

Required
s FE =7
Solution
4 P
T 42
Substitute:
i 1750 gt
T am(zs0)E . o0

A lamp emits a luminous flux of 2400 Im and is placed 3.0 m above a table,
What is the illuminance on the table?
) 106 Ix b 21210 354 1x o 48.0 1x

A surface reeeives an illwmnanee of S04x from a ].-J.[EIP }mme& 1 {! m awy.
What 15 th Tui n‘unnu-: f® of ﬂ"l: Iau'n.p -

‘) 406 Im (ot BB Tm ) 1600 Im Ll 251fl'Tm

A lamp emits a lumipous flux of 1800 Im and praduces an illgminance of 20 Ix on a desk.
What i§ thedistance betweenthe lamp-and the desk T :
& 1.9 ([T mr—C) "-";m : Jﬂd"ln
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A hight source emits 3200 Im and 15 located 4.0 m from a wall.
What is the illuminance on the wall?
@79k WISk ©3I8k 63Tk

A surface receives an illuminance of 15 Ix from a lamp emitting 2700 Im.
What is the distance from the lamp to the surface?
@2.1m B 38m {C} 5.4 m d) 6.7 m

A lamp placed 5.0 m above the floor produces an illuminance of 8,0 lx.
What is the luminous flux emitted by the lamp?
() 80 I B 1200 1m [C1 2510 Im il 4020 Im

A lamp has a luminous intensity of 180 ed and 1s placed 3.0 m from a surface.
What is the illuminance on the surface?

@10k B2k ©0x D6blx

A surface recerves an illuminance of 25 Ix from a lamp with luminous intensity 225 ed.
What is the distance between the lamp and the surface?
@2 m B3Im € 4 m il 5 m

A lamp produces an illuminance of 16 Ix on a wall located 5.0 m away.
What is the luminous intensity of the lamp?
) 80 cd ih.l 150 cd ) 320 cd r,i Jidy od

-.-ﬂ-ry-l-.hi iI o mu_lﬁ.'l,-..!.r.;.l.- (A rd"l gl 1-lur,,h-l.l,'1-_|.-|- P
Rl o1 e ki Tonlll pd 7 0 bt )kl L

A6 cdipodnt source of lHght is (2.0 m) above the surface of a deslk.
Wiliat is ghee illaiinlinaiics on the desk's surlface™

.0 Ix
3.2 ix |
Z.3 Ix
17 Ix |
o Sl P i - RN
In the figure, if thc ilzam m:l.ll.u-n anl a.h:r.n 2ig !_41."3 lnuml;h : ‘* 2 H_'j'“l' S MRS A
What ml:lrmlhﬁrrnm:nh ) 1¢¢eh luﬁ-v:-m the sappe Sql;u'cq” Ti,_,. . 'nl ' ,

# 50 lm/m? B 400 Im'm® € 200 ]m:"mr g 100 Tm/m?
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Learning Outcome 19
Show that the illuminance provided by a point source of light has:

= an inverse-square relationship with distance (r)from the source
a direct relationship with luminous flux (P)

lnverse-Saquace Law ol IHlominnnde

When a pomnl lll_ﬂll GOUTCE eriis |1g|'|[ 1 ol direcioms, the lleminence (Blon a surlsce |J|."_|'.-|2|1|J:-; o the dizstance
{r} from the source;

i by
If P is constant, then E 15 inversely proportional tort,. E® 3
* When r*increases, E decreases, i ’
i : £ 2 N
= When r * decreases, E increases, B o=
1 L]

A light bulb emits | 750 lomens.
# Il placed al the canter of a | -meler-radiis sphere:
Surface area = dar=4a{1 P=12.5T m"

] 1750
MNuminange = ——
13.57

= 13%ix

= If the spheore’s radius increases to 2 meters:

Surface area = 4a( 27=50.27 m*

liunriiatie - % = 4.8 lx

E; L T ]

E, T (2 4
The illuminanee becomes one-fourth of the onginal value,
[fthe sphere’s mdius increases o 3 melers:

Surface area = 4a(3)’=113.1 m’

" 17 5]
Muminance = Ry 15.510x

of 627 1

E;
E, (3P

i

The illunm1ari.q:::._[':n:‘:::-.:uu1:::a. _f_-"‘}_ ::nil”i:‘hn originglvalue.< .,
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Which best describes the relationship between distance and illuminance

€ Eer d E«ls

(& Ee e E& 14

Murminance as the light source moves away from the object,
ncrenses with an inverse syyLnre m!:llg.urmhlp l:t:!-_l decreases with an inverse n:lul!u'-n:.hip

r:_éj
(i decreases with an inverse square relationship

) incresses with an inverse relationship
According to the principles of illuminance, when a surface is illuminated by a point light source, the

illuminance decreascs as the distance from the source increases.
Which of the following graphs correctly shows the relationship between illuminance and the distance

between the light source and the surface?

(L) =1 0 © )

Learning Ouicome 20
Define diffraction as the bending of a wave as it passes the edge of a barner or through an

opening.
Diffraction is the bending of a wave as it passes the edge of a barrier or through & narrow uimiln_g,
This bending causes the wave to spread out instead of continuing in a straight line. i

] I| |
The bending of Light as it pazses the edge of a barner is called! [
@ Reflection (b Diffraction () Polarization id} Refraction
The spreading out of a wave as it moves past the edge of a barrier is called

i@ Reflection (o) Diffraction (&) Polarization d! Refraction
According to Huyvgens' Principle, in order for a wave 1o be diffracted when it passes through an

opeming, the opening must be
@  atanangle B wide €] narrow dvery large

What types of waves can be diffracied?

(@) Only light waves can be dilfracted. ) Only sound waves can be diffracted.
(e} All types of waves can be diffracted. i Only hugh energy waves can be difTracted.

[he scientist Francesco Grmalds was the first to investigate the idea that light waves could

:.\:]:mnd £ @ bend

ka_, contraet . L’EJ ] move u:-
Which of the 1-:1EIm.1:-|||j_:|, e:;‘pianu thF; |l|'||:|]_l.:ll'|'|-..‘:":]|'u'| of the ‘.-'.."l'.l'E‘:o: -L_'I-.rpﬂ*lﬁl ng the harrier as shown in
the figure? =~ "= W2y z .
T | o '\-::' |
* : WL 3 {3 : 4
® o Bemoulli’s pontiple |70 || 33' éﬁ 1],.1
. | ” =

@ Doppler effect
I'{::_l i _!'-"Lﬂ_kuh:.'ﬂ I-il'l'!-'

| 51 | 0509886279 sue pliac gras i /1
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The figure shows waves before and after passing the barrier. h ﬁ ﬁl %ﬂ
Which of the follewing is true for the waves after passing the barrier? ' : =57 ol
(@ The wavelength 1s decreased (b} The direction of its propagation is changed
(€} The wavelength is increased id} The frequency is decreased e
What causes diffraciion when a wave maves near an edee or through an openine? T At
@ wave reflects ofl a surface (B} two waves cancel each other out nomaw
i€l wave bends through a material (dr  wave spreads at a gap or edge

Learning Outcome 21
Describe that the color of light 15 related to its wavelength and frequency.
RoyGBiv
For light to behave as a wave, 1t must have both wavelength and frequency.
« The colour of light is directly related to1ts wavelength and frequency
s Shorter wavelengths (higher frequency ) — violet @
»  Longer wavelengths {lower frequency) —+ red
Visible light ranges approximately from 400 nm (violet) to 700 nm (red). E
Color  Wavelength Range (% 10™%m)  Frequencey Range (% 10" Hz)

Red T - 635 430 — 480 Red
Orange f35 — 590 480 — 510 KNG
Yellow 590 560 510 540 i
Green 60 490 540 610

Blue 490 — 450 610 — 670 1HR
Indigo 450 425 670 705 —* Violet
Violet 450 400 670 750

Bl bl et it 1 i | 1 et ki i 1 ) e i 2 i
What determines the color of hight?

@ Distance (&) Temperature © Wavelength id} Surface

Which of these colors of light has the longest wavelength?
Red @ Green € Black d Violet

Which of these colors of light has the short wavelength?
@  Red @ Green (€ Black d Violet

whuh of thése mlmsufh_::mhns the Ilig,lw.-r frequencys ¥ Lo |
I{Ed L {_-n.rm t @ Black - @ Violet

Which of these colors of light has anl:-st frequency of Color.
@, Red | ® _Green- ([, Black (= & Violet

0509886279
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Learning Outcome 22
Describe primary, secondary, and complementary colors of light and the effects
of corresponding combinations.

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

Primary Colors of Light (RGB):
Red, Green, and Blue
Additive color mixing involves combming different colored light rays to produce new colors.

Secondary Colors of Light (YCM): | "'—| 1
= Formed by mixing two primary colors: "'"E""I""'
= Red+ Green = Yellow e
» Green + Blue = Cyan
s Red + Blue = Magenta

Complementary Colors of Light:
» Two colors that combine to produce white light:
+ Yellow + Blue
« Cyan + Red
+  Magenta + Greeén

The diagram represents overlapping areas of light of the same intensity.
Which of the following indicates the colors that appear in areas (A, B, C)?

® Al (Em [CH
® NEN (FEN  [cHE
© [N [FH Ch
@ [ANN (00 [<In

Which of the following colors is not one of the primary colors of light?
i

@ Blue i Red € Green i Yellow

To make red hght white, add s _ :
@ Magentd light . '@ :l.‘i'ﬁn:l:n light B ~AYellow frght @l Cyan light

Red and blue hght make »
@  Magenta B Violet

—

Indigo (d), Purple

e

0509886279 sc pliac cpan e /1
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The diagram below represents three overlapping circles of equally intense colored light
projected onto a white sereen.

1. Why would region A be black? Biue
(@) Because it reflects all colors A
(b Because it contains white light
(€) Because it is outside all colored light sources 5 =
‘) Because it absorbs blue light E
D Seen
Hed -

2. What color would region B he?

{8} Cyan B Yellow ) Magenta id! White

3. What color would region C be?

A Red (B Cyan (C} Green il Magenta

4, What color would region I be?

(A Yellow (b Blue (€ White ) Cyan

5. What color would region E be?

@ Black B White i) Yellow i) Green

6. The color in region B is complementary to which color?

i) Red (b Blue ) Green ) Yellow

7. The color in region C is complementary to which color?

) Gireen b Red i€ Blue el Cyan

8. The color 'ul_reE'mn-{l is complementary to wh_irh colar?

(a) Red (b Green ) Blue tl) Magenta

0509886279 TN, B I
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Learning Outcome 23

Describe primary and secondary pigments and the effects of mixing pmmmu or dyes.
Frimary Figments { YO’
e Yellow. Cyvan, Magenta
Secondary Pigments:
s Formed l'l-}' rni_\,lnt_' twir primary colors i:lfli.ghl (RO
{Tunlphmtﬂl.ﬂ.r!.' Piﬂ_ﬂirnlx:
e  Two pigments that combine o produce black:
- Yellow + Blue
#  (regn + Magenia
s Cvan+ Red
Cobor Mixing in Pigments
=  Pigments follow subtractive color mixing principles, Paints, dyes, and inks contnin pigments that sbsorb
cerianm colors amd reflect the remainder
The presence of dyes within the material or pigmenis on its serface determmes the color of the object.
s Dwyes are substances that color materials by being absorbed into them,
s Pigments arc substances applicd to surfaces that absorb certain wavelengths and reflect others,
giving the object its color,
Primary and Secondary Pigments
«  Primary Pigments:

A primary pigment absorbs only one primary color of light and reflects the other two colors
from white light
Examples:
v Wellow pigment absorbs blue light and reflects red and green light.
¥ Cwvan pigment absorbs ved Hght and reflects blue and green light.
v Magenta pigment absorbs green hght and reflecis red and blue light.
»  Secondary Pigments:
A secondary pigment absorbs two primary colors of light and reflects ﬂne :niur

Examples: i
¥ Red pigment absorbs green and blue light, reflects red. h

¥ Green pigment absorbs red and blue light, reflects green.
v Blue pigment absorbs red and green light, reflecis blue. e e - ﬁ;‘x
White light (composed of s seven color components) falls on a green leaf, ——— ' '

Which of the following statements describes what happens?
:E} The eve sends a ray toward the teaf, which reflects it hack, o it appears green, .’

Yt

The pigment molecules in the green leaf absorb the green light and reflect all the other colors.

'Pn'

—

The pigment molecules i the green leal absorb all the colors and reflect only green light,

The pigment molecules absorb all the colors, so the leaf appears hight-coloured.

Whaich of the tuJIn'-Hng IS not n:‘rpmm.i.

@) The |:|-I'I:I11-.-Iil'l.l pll:’,l'l'll.-l'li B paynl;.nl' that .mel.’l:lﬁ- L:-nhr ::nm: PR i.-;:nlur .mv:l reflects two from white hight.
(b}  The secondary pigment is a pigmentthat absorbs lu-u primacy hght colors and reflects one color.

€]  The primary pigment colors are the secondary l,.-I.'I-kJr-b of |||=hl

i~

The, pnrnm'!;. p|,|_£m:1ﬂ w]ﬂm are retl, .gnmrr .md Hl.m L : 1
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A primary pigment reflects primary colors from white light,

@ One &  Three € Two d  MNone

Based on the secondary colors indicated, determine the color of each spotlight,
What color occurs in the very center?

Cyn T Py

el gl

Learning Outcome 24

Explain the polarization of light by filtering vsing a polarizing filter,
Describe the polarization of light by reflection
"Light waves are electromagnetic waves consisting of electric and magnetic fields oscillating in

two perpendicular planes.”

Polarization is the process by which light waves are resiricted to vibrate in a single
plane perpendicular 1o the direction of propagation.
Unpolarized light vibrates in multiple planes, while polarized light vibrates in one specific plane.
2. Transverse Waves and Light
o Transverse waves: Oscillate perpendicular to their direction of travel.
= Electromagnetic waves (like light);
= Have electric and magnetic fields oscillating in perpendicular planes.
« Baoth fields are also perpendicular to the direction of wave motion.

Direciiom
al’ o

ol wave

« Unpolarized light {like from a lamp) vibrates in multiple planes.

«  Refected light (like from a road or glass) becomes partially polarized, mostly
vibrating parallel to the surface.
o This is Why polarizing sunglasses cin block glare| from viids or water,
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Polarized Light e
= Wibrates in one specific plane only. *//‘
= Produced by polarizing filters, reflection, or scattering. - : ——
» Contains light waves oscillating in a single direction. ' 5 iy
= Can be blocked or modified using polanzing filters. S
Unpolarized Light s
= Vibrates in multiple planes perpendicular to the direction of travel. ; ?
» Found in natural sources like sunlight or lamps. _:T— s
B

= Contains light waves oscillating in all directions.

« Cannot be completely blocked by a single polarizing filter, it S
¥
el | The wirer passcy Thsuugh the |
polarizing fieer,
W the: s s padiiiadrion = =
Lk __F tn dar skok: T waove: paoss
Whartical wave | thraigh the palaneng fher
1
L A W4 :- ['|.||:r|.5-|:".'.\.
. R
,r"ul'l:nﬂmumﬁ poldarizanion is 1 i
pﬂ'F—.rln:l.hrmrlu ihor The wave 5 :_
I-l.'llu:udl-rr."-:;-.-’d:'rﬁrq:l'i.l'ﬁ. E : i
'iT.ir'.;I.'.irl]'-;;r] ! i '
| | |
|
e o
T
itk

ol

lts wibration, et o rast ﬂi.l,rllu\lI
with thy tamminien s,
oo i arved pas. BRaveein_AF

Directicer af
Fope vibFrahana

e — .-'- \
Direction af

wave lrayel
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Polarization by Filtering
Rope Model Analogy
= Imagine light waves az transverse waves on a rope.
s A slot represents the polarizing axis of a filter.
« I the wave is parallel to the slot, it passes through.
« [f the wave 15 perpendicular to the slot, 1t 15 blocked.
How Polarizing Filters Work
» Polarzing matenals contain long molecules.
s Electrons in these molecules oscillate in one direction.
= Light vibrating in the same direction as the molecules is absorbed.
e Light vibrating perpeadicular to the molecules is transmitted.
= The polarizing axis 15 perpendicular to the direction of the molecules.
Only light waves aligned with the polarizing axis can pass through.
El'fec:t on Ordinary Light
o Ordinary light contains waves vibrating in all directions perpendicular to its travel.
s When passed through a polarizing filter: gy i

1pearud gy

s Only the component aligned with the axis passes. 1r _ £ ;
» [Intensity is reduced by half. R = ,_I el
= The output is polarized light. bt * : i |
2. Polarization by Reflection ; '
Dhservation P s N .

«  When light reflects off surfaces hike glass or roads. it I'.lm.umH 'piﬁrtullh pl‘l-lu.l"li"b'd '
s« Reflected light tends to vibrate parallel to the surface.
Applications
« Polarizing sunglasses reduce glare by blocking horizontally polanzed light.
» Photographers use polarizing filters to eliminate reflections and improve
image clarty.
3. Polarization Analysis with Two Filters
Using a Second Filter { Analvzer)
¢ When polarzed light passes through o second polarizing filter, the amount of light that gets
through depends on the angle between the twa filters.

Case 1: Parallel Axes
# Il the second filter’s polarizing axis s parallel 1o the first;
= Light passes through.
¢ The intensity remains almost the same.
Case 2; Perpendicular Axes
= [fthe second filter’s polarizing axis is perpendicular to the first: §

' "~|u Ilght nl;itu j;hruugh

T]Lq: 11'|Il'::|:‘r=-=|l'_'g.r bt'L‘ﬂm-.‘“d .eu'ﬂ [ o _-' - |

The waves that cannot pass through a pnlm?.mg filter are those whose electric fields are 1f'ihr&tu11.'i

o the polanzing axis.

(8 Dlzrg-lma[ ':E' "f'i!'::'ularl' I'E' I::"ﬂ._ralﬁzl .,g_ APerpendicular
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Leaming Outcome 25
Apply Malus®s law to light filtered by polarizer and analveer filters G
s/

Malus's law describes how the intensity of polarized light changm when it
passes through a polanzing filter at an angle.

I =lco5°8
EAL ey il
Unpolarized light of intensaty lo is incident on a polanzing filter, I 'mw :
and the emerging light strikes a second polarizing filter, as shown in the figure. Y \.': I;"_|_' i
What is the light intensity emerging from the second polarizing filter? (- i
i S
@ ho (3 fa © Iy @ 4,
2 -+

[n the figure, the intensity of the polarized light coming out from Polarizer 2
15(75 W:'mij. Calculate the intensity of the polarized light coming out from filter 17

e

(@) 228 Wim® b 112 W/m® & 92 Wim® i 130 W/m®

The figure shows a light ray passing through two polarizing filters. The intensity of observed light is

36.0% of the infensity coming out of the first filter. it o \
What is the angle between the polarizing axes of the two filters? 1 LT A -
@ 75.54"° bl 36.87° ) 23:13" i 45.54°

Unpolanzed light with an mitensity: of 2000 W/m® 15 sent through a polarizer with a transmission axis in the verfical
direction. The light then goes through an analyzer that has a transmission axis ot g sel angle from the vertical.
What angle is required if the transmitted intensity is o be 25 WWm'?

(A Ty i3y, e (c) 45° i 30°

el

|_i|'||'r|.}|;.'|ri¢'|_'|J |i_g|1[ isses [I‘lnll]g]i W |‘,||,||:?|ri,.:|:'11: whase [ransmission axes ane at an ;,inglx,‘: Favith respect o each other,
What should be the angle #between the transmission axes of the polanzers if it 1s desired that one-eighth
of the incident intensity be transmitted?

L 1 L .. .I | | .-. ; .: = ) .. X .. ..' —y
Eé‘:. '.;Iﬂ"-’ i | s 15} h‘ﬂ:l | b J @"':_ 45u LM - '::Lj:l _"H'.""
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Unpul:mILd light 18 sent through a vertical p::llunzf:r and an analyzer set at an angle of 607 from 'l.L-I.‘[H.-dl

The hight intensity transmitted from the analyzer s 18 W/im*. : -

What was the original intensity of the light? "'5'",. LA
¥

@y 288 W/m? b 144 Wim? € 72 Wim? W 36 Wm?

In the adjacent figure, light passes through Polarizer 2 with an intensity of 180 W/m®, = = /=
Calculate the intensity of the light emerging from Polarizer 1 if the angle between the polarizers is 45°.

@ 512 Wim? B 360 Wim? € 254.6 Wim? 180 Wm?

A beam of polarized light of intensity f; passes through a sheet of ideal polarizing matenal. The polarization axis
of the beam and the transmission axis of the sheet differ by 30°. What is the intensity of the emerging light?

(@ 0.250; (b 504, (e 07510, i 0.871,

What angle i1s needed between the direction of polanzed light and the axis of a polanzing filter to reduce its
intensity by 90%7

(@) I5.43° o 45 &) 71.6% i 60~
A polanzer and analvzer will block all hight of they are at to each other.
(@) N B Ho° (€) 45° (d) e

If you were to place the polanizing axes of two polarizing filters at 20° to cach other,
What percent of light intensity would pass through?

@ 0 B 0% @ 100% @  15%
i . :
|

[f you were to |}|EI|:-|'_: the polanzing axes of two polanizing filters at 45° to cach other,
What percent of light intgnsity would pass through?
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Unpolarized light is passed through polanzer 1. The light then goes though polarizer 2 with its plane of
polarization at 45,07 to that of polarizer 1. Polarizer 3 is placed after polanzer 2. Polanzer 3 has its plane of
polanzaton at 45° 1o the plane of polarization of polanzer 2 and at 207 to that of polanzer | as shown below.

L I L L

il Y Y
4 P
" .
Polarizer 1 Polarizer 2 Polarizer 3
8 = 45 iy = 457

What fraction of the intensity of the original light [; gets through:

a. The polarizer 2'.’%"

b. The polarizer 37 &

€. Suppose the second polarizer is removed. What is the intensity of light transmitted by the two (i.c., first and
third) polarizers now? 0

':_é_\i ] i Iﬁ? |I|:| :E} |r-|:| l;qj:l 0
' 4 4
If vou were to place the polanizing axes of two polarizing filters at 90° 1o each other,
What percent of light intensity would pass through?
(a 0 |:i}__. | S -i_::l [ 0% .ﬂ 15%0
Ff you were to place the polanzing axes of two polarizing filters at 43° w each other,
what percent of Nght miensity would pass through?
(@ 0 (b 50% (€ | Q0% d 75%

il 1§ ol o i | e | 5
gl s ] e
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