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+ Define periodic motion and quantities associated with periodic motion like period and *EL MAHDY ACADEMY
amplitude. -&ICCO 3
+ Describe the characteristics of simple harmonic motion.

Periodic motion Amplitude period (T) Frequency Simple harmonic motion

Motion that repeats in a regular cycle, such as the bobbing of a mass on a spring or the swaying of a pendulum

Period Or periodic Time (T) : The time required for one full cycle of the motion

SQ\ L Total Time t
-

e~

Number of Cycles n

Frequency f
— Number of cycles

The number of cycles that a body makes in one second. f = _
Total time
nit of Measurement: oscillation/second or cycle/second or vibration/second

. I _
Allare equivalenttoHertzHZ =~ or ——ors™

@ secon
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The Relationship between Frequency and Period: Each is the reciprocal of the ot
1 1 — %{'-
' = — Frequency)f = = :
(Period)T’ 7 (Frequency) f T -

EL MAHDY ACADEMY

=
Example: A body makes 360 oscillations, waves, or cycles in one minute. Calculate its penmgn

_ _ Totaltime _ 60 _ 1 Y. S
~ Number of cycles 360 6 =7 , 1 |
) Il . (Period)T = — = —
f= Number of cycles 360 6 H | | f 6
=" Totalume 60 -
Mass on a Spring
Amplitude: The maximum distance the object moves from its equilibrium position. = —~
—
_ : 1 B nnd e
units cm or meter &

SN aMlape y9335
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A type of periodic motion where the force acting to restdfdan object to its

\rmonic motion: equilibrium position is directly proportional to the object's displacement.

Mass on a Spring

ns - ~ Characteristics of Harmonic Motion:

= —
Om----=-3 - S et -’;_;. ''''''''' " : -
1-The restoring force is directly
Sl F :p;n;;.:m;;[ 'é """" G- i proportional to the displacement and
Fsrn‘mg on mass .
X Mmoo wtyonmass ) TP E [t i ¢ always works to return the object to

Fspring onmass _ eOnEtERE I.L
Ax E

gravity on mass

! ysgfbe equilibrium position.
e -Objects oscillate around an
ethbnum point.

Figure 1 The force exerted on
the mass by the spring is

directly proportional to the 3-It cdn be deSCI‘ibed U.Sing d Sine or

mass's displacement.
Determine the displacement if cCOSIme ﬁlﬂCth'ﬂ.

the mass is 0.5 mg.

SN aMlase y9335



) i

Apply Hooke's law to calculate the force exerted by a spring, the spring constant, or the Sthqent Book
2 distance by which a spring is stretched or compressed Example Problem 1 E
' Practice Problem Q. (3) 6

Mass on a Spring

Hooke’s Law

The magnitude of the force exerted by a spring is equal
to the spring constant times the distance the spring is
stretched or compressed from its equilibrium position.

F= —kx

Table 1 Force Magnitude-Stretch

: Distance in a Spring %12 Slope = Spring constant
The constant k has the same units as the slope, i Magnitude of P oo 2ol e
D'star:c:- i Force Exerted by 3 — &7 N/m »
newtons/meter (N/m). stance o) Spring (N) $ g =
0.0 0.0 g 5 F
< — B L
The negative sign in St L %4 =
o o 3 o 0.060 37 3 P
Hooke's law indicates that the force is in the direction 0.090 63 T 2 7,{
. e : : o L.
opposite the stretch or compression direction. The force 012 78 = 0 mz'um e Tl

exerted by the spring on the mass is always directed Pl cestinas (v}

Figure 2 The spring constant can be determined from the slope of the force magnilude-stretch

ioi s Pt -
tﬂward Il'lE Spl‘lﬂg 5 qullllbl'lllm P'Dﬂltlﬂn- distance graph. The area under the curve is equal 1o the potential energy stored in the spring.

SN aMlape y9335
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Finding the Spring Constant

Potential Energy in a Spring

z
bl vl Slope = Spring constant
The potential energy in a spring is equal to one-half o " —%’% _ ESTEGE_ 40N
times the product of the spring constant and the § =67 N/m
square of the displacement ‘§ :
kr’- ¥ 3
5prmg g 4 ,/*/
PE calculated from the area under the curve between (F & X) — % ‘A
= 8.(!0 0.02 0.04 0.06 0.08 010 012 04 ©
Impl‘ll"tal‘lt ll{lte Stretch distance (m) ‘
Potential energy is directly proportional to thpkgsiare of the elongation. X
) | | ' .Eu.ﬂfi u.l.ih.ll
e [f the elongation doubles, the potential energy increases four times. :6’&?&%’“
 [f the elongation increases 3 times, the potential energy increases ........
e [fthe potential energy doubles, it is likely that the elongation has increased to ........ (Think, don't rush).

* You have two springs, one with an elongation of 5 cm and the second with an elongation of 10 cm, the
ratio between their potential energies is ........

SN aMlape y9335



EXAMPLE Problem 1

THE SPRING CONSTANT AND THE ENERGY OF A SPRING A spring stretches by
18 cm when a bag of potatoes weighing 56 N is suspended from its end.

a. Determine the spring constant.
b. How much elastic potential energy does the stretched spring have?

3. A spring has a spring constant of 56 N/m. How far
will a block weighing 18 N stretch it?
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Apply the law of conservation of energy for both a horizontal oscillating mass — spring

system and simple pendulum to relate the total energy of each system at one instant to

the total energy at another instant.

The law of conservation of energy states that the
total mechanical energy (E) of a system is
constant,

All & the Sitem's ENeIgyY B
elayt potentind oneTgy. When
fm QB4 the mass & Dack 1o By
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9. Energy of a Spring The springs shown in Figure 5
are identical. Contrast the potential energies of the
bottom two springs.

e

What is the ratio in PE? and why this answer?

SN aMlape y9335
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4 Determine what affects the period of a simple pendulum. Studg:: IBtnnk

Period of a Pendulum

The period of a pendulum is equal to 27 times the square rnqL_of the length of the

pendulum divided by the gravitational field. < =
i
— £ i
T=2m\/§ ] e

wﬂﬁ TES~W |

EL MAHDY ACADEMY
=% ]

Notice that the period depends only on the length of the pmﬂﬂlﬁnmammml field,
not on the mass of the bob or the amplitude of oscillation. One practical use of the pendulum is
to measure g, which can vary slightly at different locations on Earth.

Figure 4 The pendulum’s motion is
an example of simple harmonic

- motion because the restoring force
E GEt It? is directly proportional to the

p
Compare the period of a very massive pendulum, like the one shown at the beginning displacement from equilibrium.
of the module, with the period of a pendulum with the same length but a tiny mass.




physics

1-If the pendulum'’s length increases 4 times, then the pendulum’'s periodic time

2-1f the pendulum's length is doubled, then the pendulum’s periodic time

3-If gravity increases 4 times, then the pendulum's periodic time

-A pendulum whose periodic time was calculated on Earth is then taken to the moon. Its plc"time will

(increase - decrease - remain the same)

5-The ratio between the periodic time of a pendulum with mass 20g and a pendulum mth mass

[ Fs EI
g-:,rl:hi

(less than - greater than - equal to) one. wag'@f i @@d%

_EL MAHDY ACADEM ¥

80g, both having the same length and in the same location, is

WL
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‘ 5 Differentiate between transverse, lﬂngl.mﬁmm and surface waves and give examples, Student Book 9 -10
Transverse Waves , mcé . Longitudinal Waves Surface Waves

The particles in the medium:
move perpendicular to the

ﬁarticles in the medium move paralle| Particles in a surface wave move in a

6 the direction of the wave's travel. circular path, which is both parallel
and perpendicular to the direction of

- ] [ ] '--_- = . i =
direction of the. wave's travel. ™n, 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 in the
rope up and down to create a wave same direction as the disturbance. _

N, lsrupted when the wave reaches the

shore, causing it to break.
hysms\

g @

that travels horizontally, Sea Wave
waves.

Transverse Wave Longitudinal Wave

el

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 —3

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,




Describe wave properties like amplitude, energy of a wave, wavelength, speed, phase, Student Book 10 > 11
period and frequency.

Amplitude

The maximum displacement or distance of a wave from its

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

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

: Amplitude
affects the amplitude.

Wave

Energy of a wave ., =@ |

Waves with a greater amplitude transfer more energy. = Boure® Awavisamalitudeits
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.




physics . G10 inspire
W&VE I e ngth }\J Mechanical Wave

Crest

The shortest distance between repeating points on a wave.

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

Speed and velocity

The speed of a wave is determined by the displacement of a crest

or compression divided by the time interval

t=0.01s

V — Af mechanical waves, speed depends on the medium and

not on amplitude, frequency, or wavelength.

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, dry air.




physics

EGet It?

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

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

one or more full wavelengths and have the same

displacement and velocity.

Points with opposite displacements and velocities are “180‘”’-._:~~ i

out of phase." The phase difference between two particles in

a wave can range from 0° to 360°.

The period T is the time it takes for a periodic wave to complete one full cycle

Figure 9 A mechanical oscillatar maves the ket
end of the rope up nd down, complting the cycke
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Student Book 12

8 | Calculate the frequency of a wave from its period and vice-versa (f 25). Practice Prgblem (21,.22,23) 14

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

1
i

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.

Wavelength
The wavelength of a wave is equal to the velocity divided by the frequency.

eriud
"
CEEENC -
L Il s

X =2 5 e
f Wﬂfi ((EW P )

_E L MAHDY zﬁCﬂDFWW
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21. How does the frequency of a wave change when the period of the wave is doubled?

when the period of the wave is doubled, the frequency is halved.
The frequency (f) and the period (T) of a wave are inversely proportional to each other.

- -

22. Describe the change in the wavelength of a wave when the period is reduced by one-half.

the new wavelength is one-half of the original wavelength

23. If the speed of a wave increases to 1.5 times its original
speed while the frequency remains constant, how does
the wavelength change?

The wavelength increases to 1.5 times its original value. i‘f‘@ @gﬁ_@gﬂ
i‘wmf"}‘f‘ ACADE T‘u“tY
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+ Describe the behaviour of mechanical waves at boundaries (reflection and refraction).
9 | » Describe that a mechanical wave is inverted if reflected from a fixed end and remains Student Book 15 =16
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 boundary between two

—_

mediums, part of its energy is reflected back as a "reflected wave. ';A o Sl
w-&qgi wxmi

Wave at a Boundary EL MAHD®
.dt: p :

"'m:nenl

X Reflected wave orientation: The reflected wave can be elther

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

‘rl wrvumithid

Vehwcm i
N its speed is greater (e.g., a stiffer spring), the reflected wave
2. Qe i .|

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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When a wave pulse encounters a rigid boundary,

the following occurs:

vrrlh-f.m-ﬂ
—

, 3
The wave's shelgy reflected back. Figure 13 When a wave encounters a rigid boundary, the reflected wave is inverted
The reflected pulse has almost the same amplitude as the incident wave, "ot ! the amplitude is not affected by the rigid boundary

Almost all of the wave's energy is reflected, with very little being transmitted. o
The reflected pulse is inverted. :?4;3!{ 'z.:._sza,x:f.n

The reason for inversion: When a wave reaches a fixed barrier (a fixed point), it exerts a force on the barrier. In return, the

barrier exerts a reaction force on the wave that is equal in magnitude and opposite in direction. This opposing force causes

the wave to invert, meaning its phase changes by 180° or 11 radians

sladyl b duwslang ylafiall (3 & gluse Jad o,y B ol jaladl i (atiallig jaladl e 8ok 535 i (AL dalll) cub jala Jf da gall Jgio g aie 1 QUAY S ol
O 7r ol 180° ey a gl a3 20 1 o gall QVES (o il dusslaall § gill o3s .dx gall e

Reflection from a free end:
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




physics . G10 inspire

;",.J._EE-“

s Joog g2y Jo> 0w Mald Vs dnge ess Loaie .70
Lie oy oroel) Llgls j2iny (23 JSIJ) 3 nlge oo LS
Bl 33,50 i 1L g 80 Lesas i Y

JET-V. Ui Loy .8a51gJ1 duill] P d>qall jums aisy u.lJl dlo Bl wljljioyl sac go (f) 3ol ﬂ_——w

JUiil aie iy Y Al b eljljiodl sxe glo (Jusll JoUl jljioyl) dussi g dogall
gl a3yl g s 45T ) o 30 dpgall

s 6 s g a0

i ¥ ].E‘L@ el o e dwnSene dge daad e OMsY) axy Ly .71
falanld) ansdly
diagill glb solell slaitl oLl diaidl cuilS 13] i b luadl diil) dssasidly (dsgliie) dwgSinn oS culi Jlas go dusaiall diuill »
uSlaall slaitl  p diuidl gwlSail cuy las (Jisll e dusSlan 395 Gabog culidl jlasll gl &g . Laudl obitll b oS dausaiall




a,i, e G10 inspire

State and apply the principle of superposition to show that two overlapping waves add Student Book 16 =17
algebraically to give a resultant (or net) wave.

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.
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 Interference: The result of the

W:,t%'\ ¢ 2Dt

DR EL MA i ACADEMY superposition of two or more

waves Is called interference.

Reflected wave

Figure 14 Waves add algebraically during
superposition.
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e gl

Constructive Interference Destructive Interference:
Occurs when wave displacements are in the same direction. The  Qeccurs when waves with equal but opposite

resulting wave has a greater amplitude than the individual waves. displacements superimpose. The displacement
A point with the largest displacement is called an antinode. The at the point where the pulses meet is zero. A

resultant pulse is the algebraic sum of the two pulses point that does not move is called a node.

Destructive Interference Constructive Interference Different Amplitudes EGEt I?
: _,,-’:“-H N | 1- _,x"{’:-\'x\ﬁ_,—-/:&'\_ | PN - o Compare the wave medium'’s displacement at a node and at an antinode,
L4 o A node is a point in a standing wave where the
A
. A N o) & N AN T displacement is zero. This occurs due to destructive
- A interference between two waves of equal amplitude.
3 o N 3 / = 1‘-\ 3 2

An antinode is a point in a standing wave where the

ﬁft - g 8 i ’ =
4 "w’:“\- a S - *\R 4 7N displacement is at its maximum. This occurs due to
n constructive interference, where waves combine to form a
A ’i-\_ 5 /- \&/=\_ - F /—>__ pulse with an amplitude greater than the individual waves.
k. -

Figure 15 When waves add algebraically, the resulting combined waves can be quite different from the individual
waves. Summarize how woves behove during and affer superposition

R 1 _ . SN aMlape y9335
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‘ 11 ‘ < Describe the formation of standing waves on a string. Student Book
< Define nodes and antinodes and describe how they are formed.

o A wave traveling along a rope attached to a fixed point is reflected and inverted at that point.

e hen the reflected wave returns to the hand, it is inverted again and travels back down the rope.

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

A standing wave is a large-amplitude oscillation resulting from mechanical resonance. This occurs

hen the period of vibration matches the time it takes for a wave to travel to a fixed point and back.

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). f=3,A=3L

Figure 16 Interference produces
standing waves only at certain
frequencies

the wave to vibrate in multiple segments. Predict the wavelength if the frequency
is four times the lowest frequency.

. SN aMlase y9335

Increasing the frequency of vibration produces more nodes and antinodes, causing
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+ Describe the repreééntiﬁun of waves in two-dimensions.
+ Use a ripple tank to model wave behaviour in two dimensions (such as reflection and Student Book 18 =220
refraction of waves traveling on the surface of water).

Waves on the surface of water are two-dimensional waves. When a stone is dropped into water

A wavefront is a line that represents the crest of a two-dimensional wave, often shown as a series of
concentric circles spreading out from a source. Frgore 1 Waved oreed uti 4 Gkt o tho ik

el

Arayis alinedrawn at aright angle to the wavefront that shows the direction of the wave's motion

A ray is a line drawn at a right angle to the wavefront that

shows the direction of the wave's motion -
wo2 a6 $aal

=L MAHDY AC

E_l Al = MY
A : | f""i.

Wavelength: The distance from one wavefront circle to the next is the wavelength.
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A ripple tank, which is a shallow tank with a thin layer of water, is used to investigate two-dimensional

waves. A mechanical oscillator generates waves with straight wavefronts, and a lamp creates shadows of
the wave crests.

reflection wave a rigid barrier. incidence angle is the angle between the incident ray and the normal, and

the angle of reflection is the angle between the reflected ray and the normal.

The law of reflection states that the angle of incidence is equal to the angle of reflection (9 e 9 )
g - e

The normal is a line perpendicular to the boundary.
The angle of incidence is the angle between the incident ray and the normal.

The angle of reflection is the angle between the reflected ray and the normal.

The law of reflection states that the angle of incidence equals the angle of reflection, and this law

applies to different types of waves
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Power supply NMumination

Shallow tank
Oscillator of water

Wave patterns on a viewing screen

Ripple Tank

Two-Dimensional Wave

Shallower water,
lower speed, shorter
wavelength

Deeper water,
greater speed,
longer wavelength

Refraction

. G10 inspire
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Incident waves

SanEM paloaljoy

Law of Reflection
Figura 18 The ripple tank produces uniform waves that are useful for modeling wave behavior,

Figure 19 Waves in the ripple
tank change direction as they
enter shallower walter.

Describe how the wavelength
changes as the wave travels inlo
the shallow water.
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Refraction: The change in the direction of waves as they pass from one medium to another, which is

caused by a change in wave speed.

Wave Properties: When waves travel from a deeper to a shallower medium, their speed decreases, and

their wavelength becomes shorter, while their frequency remains the same

N JGY! 130 5384 .Jai)l cloll JI Gronll cloll o Wlliiil Jio 5T ] bawg oo calogall Jiiis bosic &aay ialogall jlusil

el pusig Lgie pus golasil
Reflection and Refraction: When waves encounter a boundary between two mediums, part of the

wave is refracted (passes through) and part is reflected (bounces back).

Examples: Examples of reflection and refraction include echoes from sound waves and rainbows from

light waves
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What happens when waves travel from one medium to another

(frequency - period - speed - wavelength - amplitude)

MAHD r'f -ADEN

> 9CCO

What happens when the wavelength changes the same medium¢ Speed - Frequency - Law
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Explain that the speed of sound varies with different mediums and temperatures.

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

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

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

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 temperature.

U —_— 331 ' 0 6 l where v is the speed of sound in m/s and T is the
— -

temperature in degrees Celsius

. SN aMlase y9335
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« Define sound pitch and relate it to the frequency of a sound wave, Skudetit Book
+ Define loudness and relate it to the amplitude of a sound wave.
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 Hz.

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

determined by the amph;ﬂﬂe of the pressure wave

Sound intensity is measured on a logarithmic scale called the sound level, with the unit being the decibel (dB).

i
g M
.

n_’.’;f' . -

,,_Hulf! w.;.:ans

» 9CCO
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« Define sound pitch and relate it to the frequency of a sound wave, Skudetit Book
+ Define loudness and relate it to the amplitude of a sound wave.
Feature Pitch Loudness

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? T

§~ g
Identify What characteristic of waves is pitch most closely linked to? F“ -
w#‘!t %Q-\-M!
& GetIt? L MAHDY ACADEMY
\=

Compare How much more intense is a sound that registers 80 dB than one of 40 dB? ‘ m

S0 alsse 19335
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< Define the Doppler Effect.
< Explain the Doppler Effect of sound.

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 to the
velocity of the wave, multiplied by the wave's frequency.

0=
fi=fv==

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.

G10 inspire

Student Book 30 =31

Figure 6 As a sound producing source
moves toward observer A, the wavelength
is shortened to A . As the source moves
away from observer B, the wavelength is
lengthened to A

Describe What is the relative difference in
the frequency of the detected sound for
each observer?

Observer i
—_— B - x A
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Moving Sound Source: When a sound source moves toward an observer, the sound waves are compressed,
leading to a shorter wavelength and a higher detected frequency. When the source moves away, the waves
are stretched, resulting in a longer wavelength and a lower detected frequency.

Moving Detector: A similar effect occurs if the detector is moving and the source is stationary. If the detector
moves toward the source, it encounters more wave crests per second, and a higher frequency 1s detected. If
the detector moves away from the source, it encounters fewer crests, and a lower frequency is detected.

gGet It?

Compare the wavelength and frequency heard by
an observer in front of the moving fire engine at

the beginning of the module with the wavelength
and frequency heard by an observer behind the

fire engine.
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in case of open and closed pipes.

Closed Pipe

Time
Closed pipes: high pressure
reflects as high pressure

Closed Pipe
Pressure node Displacement
(average-pressure region) antinode
Pressure antinode Displacement
(high- or low-pressure reglon) node |
Air pressure Displacement of air

By3gl
Define nodes and antinodes and discuss pressure and displacements at these points

Open Pipe

Time

Open pipes: high pressure
reflects as low pressure

Pressure node
(average-pressure region)

Pressure antinode
{high- or low-pressure region)

Pressure node
(average-pressure region)

Air pressure

Open Pipe

=

Displacement

Displacement

Displacement

iﬁﬁ;lﬂgwl

g

Student Book

G10 inspire

36 =37

Figure 11 In closed pipes, the sound ———
wave reflects off the closed end. ey
High-pressure waves reflect as high walﬁ ¢ 2Ll

pressure. In open pipes, the sound
wave reflects off an open end.
High-pressure waves are reflected as
low pressure.

EL MAHDY ACADEMY
— ]

~&ICCS

Sy =

Figure 12 Standing waves in pipes can be

antinode represented by sine waves.

Identify Which are the areas of mean
atmaospheric pressure in the air pressure
graphs?

node

antinode
Displacement of air
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Node: Anode is the stationary point where two equal wave pulses meet and are in the same location.

Antinode: An antinode is the place of largest displacement when two wave pulses meet. .

e /

Definition of resonance: Resonance increases the amplitude of a vibration by repeatedly «._
applying a small external force at the natural frequency of the air column.

Tube

Pitch control: The length of the air column determines the frequencies that will N
resonate, and changing its length varies the pitch of the instrument. Fgre 0 A i

Role ofthe mouthpiece and air column: The mouthpiece creates a mixture of frequencies, ="
while the resonating air column amplifies a specific frequency, turning noise into music.

The sound is at its loudest when the air column is in resonance with the tuning fork, as the resonating air column
intensifies the sound.
+ Use the relation between resonance length and wave-length to solve problems for

17 closed and open pipes. Student Book 36 =39
< Explain resonance on strings and identify the relations between wavelength, frequency, Get It 38

and the string length.

SN aMlape y9335
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Closed Pipe
Pressure node Displacement |
(average-pressure region) antinode

Pressure antinode Displacement |
(high- or low-pressure region) node |

Air pressure Displacement of air
Open Pipe
Pressure node Displacement ||
[average-pressure region) ! antinode |
Pressure antinode | Displacemant |
(high- or low-pressure region) nnﬁe :
Pressure node Displacerngﬂf
{average-pressure region) | antinode =
Air pressure Displacement of air

Figure 12 Standing waves in pipes can be
represented by sine waves.

Identify Which are the areas of mean
atmospheric pressure in the air pressure
graphs?

. G10 inspire
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Closed Pipe

Closed Pipe
Pressure node ” Node
(average-pressure region) J
! Antinode
| Node
Pressure antinode | E
(high- or low-pressure region) - Antinode |
}1.1 =4} }43
=YY=V =
L A 4L fs

Figure 13 A closed pipe resonates
when its length is an odd number of
quarter wavelengths.
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Open Pipe
Pressure node | ] Node |
(average-pressure region) l  Antinode
Pressure antinode | I Node
(high- or low-pressure region)
| Antinode
Pressure node
(average-pressure region) Node
Jh =2
f1 = §‘= :—,—h:; fz —

Figure 14 An open pipe resonates when
its length is an even number of quarter
wavelengths.

Explain How does the length at which an
open pipe resonates differ from the length

at which a closed pipe resonates?

8yi3al e G10 inspire
Open Pipe
uEas,- E{‘L; —=r_=:;.
o

walg'l ¢ AR]|

EL MﬁtHD‘f AC!@DEMY
A,

CCo

E Get It?

Predict A tuning fork plays a sound that has a wavelength of 0.78 m.
A pipe that is 0.39 m long resonates with the tuning fork. Is the pipe
open or closed? Explain your reasoning.

S0 alsse 19335
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Wave speed and tuning: The speed of a wave on a string depends
on its tension and mass per unit length. Increasing the tension
makes the wave travel faster, which raises the frequency of the

standing waves, allowing instruments to be tuned.

1. Determine the tenslon, £ in a violin string of mass m and length L that
will play the fundamental note at the same frequency as a closaed pipe
also of length L. Express your answer in terms of m, L, and the speed
of satnd in air, v. The equation for the speed of a wave on a string s

= g Ii‘ ,where F_ s the tension in the string and u is the mass per
unit length of the string.

2. What is the tension in a string of mass 1.0 g and 40.0 cm long that
plays the sameé rote as a closed plpe of the same langth?

E Get It?

Describe the relationship between the tension of a string and the speed of a wave as it
travels along the string.

Figure 16 A string resonates with standing waves when
its length is a whole number of half wavelengths.
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< Define timbre in music as the difference between sound waves of different instruments.
< Define the fundamental frequency and harmonics and their relation with the timbre of

a musical instrument.

Student Book 41

A clarinet's air column acts as a closed pipe, producing a complex ecoudior

sound wave. The lowest resonant frequency for a closed pipe of length

(L) is called the fundamental, with the formula e S
4L

Higher frequencies that are whole-number multiples of the fundamental

frequency are called harmonics. For a closed pipe, these are odd multiples | |
like 3f,and5f,. s } ' g s 1 '
- 21 -y
E] | E] B |
= T o e [ f e = = =
The unique timbre of a clarinet is created by the addition of these harmonics. < J I. T — 1 =L i 1 3
Akl SO “Raley | Ll
0 500 1000 1500 2000 2500 O 500 000 1500 2000 2500 0 500 000 15l|:|0 2000 2500
Frequency (Hz) Frequency (Hz) Frequency (Hz)
urei8 A guitar, @ stesal drom, and a violin produce charactenstic sound specira. Each spectnum i unigue, as 5

: timhbre of the instrument

Some instruments, such as a flute, act as open-pipe resonators. Their fundamental frequency, which

is also the first harmonic, is f! = E with subsequent harmonics at 2_.!'.. 3__(1, 4ft, and so on. Different

combinations of these harmonics give each instrument its own unique timbre. Each harmonic on the EG =
et It?

instrument can have a different amplitude as well. A gmphl of the amplitude of a wave versus its Exploin the reltionship between the fundamental and the hermonics of a musice)
frequency is called a sound spectrum. The spectra of three instruments are shown in Figure 18.

instrument.




frequencies of the two waves

+ Define a beat as nscil]ag high and low sound levels produced from the interference
of two sound waves of nearly identical frequencies. Student Book
< Calculate the frequency of a beat as the magnitude of the difference between the

7
i

13

Beats

Octave: Two notes with a frequency ratio of 1:2 You have seen that consonance is defined in terms of the ratio of frequencies. When the ratio

are an octave apart. The fundamental and its

harmonics are related by octaves

Other Intervals:

A "major third" has a frequency ratio of a:5.
A *fourth” has a frequency ratio of 3:4.

A *fifth" has a frequency ratio of 2:3.

£ 0 i $L N b al o gl §ah n

Rl o L oy Bt 22 R S L ot 1:2 22 3 ety i o[ Dcive) By »
i i

8 el
.5 al il (major (Nirdh " w8 <8 d o
i 10 N T ) e e
B B L = ]

BB g el e T T i e e B | Mafor Chiord) et 2 -
e OO0 e 5 R i "o 8 e ot e o g ki 3 L ey

becomes nearly 1:1, the frequencies become very close. Two frequencies that are nearly identical
interfere to produce oscillating high and low sound levels called a beat. This phenomenon is
illustrated in Figure 19. The frequency of a beat is the magnitude of difference between the
frequencies of the two waves, f,_, = |f, — f,|. When the difference is less than 7 Hz, the ear
detects this as a pulsation of loudness. Musical instruments often are tuned by sounding one
praerres = against another and adjusting the frequency of one until the beat disappears.
R
) e

=l

wor 361 @i DI Amplitude v. Time

ElL MAHDY ACADEMY

N

Figure 19 Beals occur as a result of the
superposition of two soond waves of shghtly different
frequencies.
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Y+ Describe the characteristics of simple harmonic motion.

L+ Describe simple harmonic motion (mass — spring oscillator and a simple
pendulum) at maximum displacement and at equilibrium positions in terms of
velocity, acceleration, restoring force, and kinetic and potential energy.

1]'JIET

Student Book
Figure 1

L

L Describe the energy transformations between potential energy and kinetic energy
for both a horizontal oscillating (mass — spring) system and a simple pendulum.

L"""

Student Book
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Figure 1 The forte exsred on
K rmass by (e sping s
diecily prapartional 15 the
mass’s displacement
Determine e disghocamant if
tne ass s 0.5 g
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3yl
E L+ Calculate the potential energy stored in a spring graphically from the area under a Student Book

£,| force vs extension graph. Example, Problem 1
“ Calculate the spring constant graphically from the slope of force vs extension graph,| Practice Problem Q(1,2)

+ Describe the motion of an oscillating simple pendulum.

physics . G10 inspire

iﬁﬁzﬂi

=

5

Student Book 7
5 =+ Apply the equation (T= 2n F ) to calculate the period of a simple pendulum for Example, Problem 2 8
™ g Practice Problem Q(6,7) 8

small-angle oscillations.

THE SPRING CONSTANT AND THE ENERGY OF A SPRING A spring stretches by
18 cm when a bag of potatoes weighing 56 N is suspended from its end.

a. Determine the spring constant.
b. How much elastic potential energy does the stretched spring have?

I

1. What is the spring constant of a spring that 3. A spring has a spring constant of 56 N/m. How far
stretches 12 cm when an object weighing will a block weighing 18 N stretch it?
24 N is hung from it? 4. CHALLENGE A spring has a spring constant of

2. What is the elastic potential energy of a spring 256 N/m. How far must it be stretched to give it an - L MAHDY ACADEMY
with k = 144 N/m that is compressed by 16.5 cm? elastic potential energy of 48 J? - s = —”

»CCS

. Dol i ase 1933
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FINDING g USING A PENDULUM A pendulum with a length of 36.9 cm has a period of 1.22 s. What is
the gravitational field at the pendulum'’s location?

w0237 € D)

EL MAHDY ACADEM
=12 [

5. What is the period on Earth of a pendulum with a length of 1.0 m?
6. How long must a pendulum be on the Moon, where g = 1.6 N/kg, to have a period of 2.0 s?
7. CHALLENGE On a certain planet, the period of a 0.75-m-long pendulum is 1.8 s. What is g for this planet?
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+ Determine wave properties such as wavelength, period, frequency, amplitude, and radint Bock 12
= speed using a graphical or a visual representation of a periodic mechanical wave.,
s ; Example, Problem 3 13
— | b Apply the relation (v = A[) to calculate the speed, wavelength, or frequency of a Practice Problem Q.(14,20) 14
23 wave. Gl

CHARACTERISTICS OF A WAVE A sound wave has a frequency of
192 Hz and travels the length of a football field, 91.4 m, in 0.271s

a. What is the speed of the wave?

b. What is the wavelength of the wave?

c. What is the period of the wave?

= A 5
d. If the frequency were changed to 442 Hz, what would be the new T
wavelength and period? ’
T:r:ig.;lllf—'-;:“?
Mﬁﬁwi ﬁ&i.ﬂuﬂ

:L MAHDY Lu”ﬁD!::nJ!"f
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15.

16.
17.
18.

19.

20.

physics 853l Py G10 inspire

. A sound wave produced by a clock chime is heard 515 m away 1.50 s later.

a. Based on these measurements, what is the speed of sound in air?
b. The sound wave has a frequency of 436 Hz. What is the period of the wave?
c. What is its wavelength?

How are the wavelength, frequency, and speed of a wave related? How do they depend on the medium
through which the wave is passing and the type of wave?

What is the speed of a periodic wave disturbance that has a frequency of 3.50 Hz and a wavelength of 0.700 m?
How does increasing the wavelength by 50 percent affect the frequency of a wave on a rope?

The speed of a transverse wave in a string is 15.0 m/s. If a source produces a
disturbance that has a frequency of 6.00 Hz, what is its wavelength?

Five wavelengths are generated every 0.100 s in a tank of water. What is the speed of the wave if the
wavelength of the surface wave is 1.20 cm?

A periodic longitudinal wave that has a frequency of 20.0 Hz travels along a coiled spring toy. If the distance
between successive compressions is 0.600 m, what is the speed of the wave?
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Apply the Doppler effect equation ( f,=/, [‘EE‘%]J to calculate different frequencies Exai::?:n;mm 1 e ;; L
and velocities. Practice Problem Q.(2.3.4) 3z

THE DOPPLER EFFECT A guitar player sounds C above middle C (523 Hz)
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.

> +
2. You are in an automobile, like the one in Figure 7, }rf‘?f";ﬂ‘e’:‘ ¢ f‘%?jf
EL MAHDY ACADEMY

traveling toward a pole-mounted warning siren. If S
the siren’s frequency is 365 Hz, what frequency do -w 0 P
you hear? Use 343 m/s as the speed of sound.

f, = 365 Hz ((((n :
‘e

vy=25.0m/s
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Apply the Doppler effect equation ( f, =/, li—u]J to calculate different frequencies Exai?p?: nI:"rn:ﬂ:ulern 1 N ;2 N
and velocities. Practice Problerm Q.(2.3.4) 3z

3. You are in an automobile traveling at 55 mph
(24.6 m/s). A second automobile is moving toward
you at the same speed. Its horn is sounding at
475 Hz. What frequency do you hear? Use 343 m/s
as the speed of sound.

4. A submarine is moving toward another submarine

at 9.20 m/s. It emits a 3.50-MHz ultrasound. What
frequency would the second sub, at rest, detect?

The speed of sound in water at the depth the
submarines are moving is 1482 m/s.

;35 G10 inspire
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Use the relation between resonance length and wave-length to solve problems for Ancent Boek =
g closed and open pipes ’ Reasple, Frobier # 28
il ; Practice Problem Q.(15,16) 40
FINDING THE SPEED OF SOUND USING RESONANCE When a tuning fork with a frequency of &
392 Hz is used with a closed-pipe resonator, the loudest sound is heard when the column is 21.0 cm &= e T
and 65.3 cm long. What is the speed of sound in this case? Is the temperature warmer or cooler than
normal room temperature, which is 20°C? Explain your answer. @7 T &5.% cm




physics

i 5
8y e G10 inspire

15. A 440-Hz tuning fork is held above a closed
pipe. Find the spacing between the resonances
when the air temperature is 20°C.

16. CHALLENGE A bugle can be thought of as an
open pipe. If a bugle were straightened out, it
would be 2.65-m long.

a. If the speed of sound is 343 m/s, find the
lowest frequency that is resonant for a bugle
(ignoring end corrections).

b. Find the next two resonant frequencies for the
bugle.

[ T !
3| p—

EL. MAHDY ACADEMY
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. Student Book 55
g Apply the equation for illuminance of a point source to numerical problems. Example, Problem 1 56
ve Practice Problem Q.(3,5.6) 56

Luminous flux With the ray model of light, a source that is brighter produces
more light rays than a less bright source. Imagine again a single lightbulb sending
rays in nearly all directions. How could vou capture all the light it emits? You would
need to construct a surface that completely encloses the bulb, as in Figure 5. The rate
at which the bulb, a luminous source, produces light energy is called the luminous
flux (P) and is measured in lumens (Im). The total amount of light that strikes the
surface in a given unit of time depends only on the luminous flux of the source.

Hluminance
_ 1750
Ea E;= o 1%
E —— m]x
4m2?
E 1750
E;= Ix
B P 7 4n3?
. B se—
%+ 4nr’
3E .
r 3r r
Figure & llluminance (E)is the quantity of light that strikes a surface. As the
distance from the luminous source (r) increases, E decreases. E depends on the
é inverse of r squared.
P

I=Er2 I=
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. Student Book 95
g Apply the equation for illuminance of a point source to numerical problems. Example, Problem 1 56
ve Practice Problem Q.(3,5.6) 56
Luminous flux With the ray model of light, a source that is brighter produces
muore light rays than a less bright source. Imagine again a single lightbulb sending
rays in nearly all directions. How could vou capture all the light it emits? You would
need to construct a surface that completely encloses the bulb, as in Figure 5. The rate
at which the bulb, a luminous source, produces light energy is called the lum
flux (P) and is measured in lumens (Im). The total amount of light that ﬂtnkes tﬁpu
surface in a given unit of time depends only on the luminous flux of the source.
llluminance
— 1750
" Ey= o Ix
T _ 1750 |
X
T am2?
E 1750
E;= Ix
7 an3?
1
P =
3 .,
r 3 r

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

E Get It?

Define illuminance, and state the units that are used for illuminance.




physics . G10 inspire

Jﬁzﬂi

lluminance Once you know the quantity of Ei 5

light being emitted by a luminous source, you E=

can determine the amount of illumination the - 4mr

source provides to an object, such as a book. e

The luminous flux falling on a given surface i€ ;

area at any instant is called illuminance (E). It . J

is measured in lux (Ix), which is equivalent to 5
lumens per square meter (Im/m?). In this 1=k o Am

module, we assume, for simplification, that all
light sources are point sources.

Luminous intensity Some luminous sources are specified in candelas (cd). A candela is not a
measure of luminous flux but of luminous intensity. The luminous intensity of a point source is the

luminous flux that falls on 1 m? of the inside of a 1-m-radius sphere, so luminous intensity is
1750 Im

luminous flux divided by 4. A bulb with 1750 Im of flux has an intensity of == — = 139 cd.
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ILLUMINATION OF A SURFACE What is the illuminance on your desktop if it is lit by a 1750-Im lamp
that is 2.50 m above your desk?

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

p=

175x10% Im

250 m
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5. What is the illumination on a surface thatis 3.0 m

below a 150-W incandescent lamp that emits a
luminous flux of 2275 Im?

6. A public school law requires a minimum
illuminance of 160 Ix at the surface of each
student’s desk. An architect’s specifications call
for classroom lights to be located 2.0 m above the
desks. What is the minimum luminous flux that the
lights must produce?
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