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+ Define periodic motion and quantities associated with periodic motion like period and
amplitude. Student Book 3
+ Describe the characteristics of simple harmonic motion.

Periodic motion Amplitude period (T) Frequency Simple harmonic motion
iodic 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

Number of csﬂ_'

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

All are equivalenttoHertzHZ  or ldorS_'

@ secon
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The Relationship between Frequency and Period: Each is the reciprocal of the other.
. 1 1
(Period)T = — (Frequency)f = —
f /3

Example: A body makes 360 oscillations, waves, or cycles in one minute. Calculate its period and frequency.

_ _ 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 &
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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.
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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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Potential Energy in a Sprlng = Finding the Spring Constant
R Fl!  Slope = Spring constant
The potential energy in a spring is equal to one-half g |~ rise - BON-_s0N
times the product of the spring constant and the 3 =67 N/m
square of the displacement ‘§ 4
kr’- e
5prmg @4 /*/’
: 2 -
PE calculated from the area under the curve between (F & X) 5 ‘LA
= 8§00 002 0,04 0.06 0.08 010 012 014 06
Impl‘ll"tal‘lt ll{lte Stretch distance (m)

Potential energy is directly proportional to thpkgsare of the elongation. X

e [f the elongation doubles, the potential energy increases four times.

e [fthe 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,
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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.

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

_ Figure 5

/Physics\

SN aMlape y9335



Period of a Pendulum

The period of a pendulum is equal to 27 times the square root of the length of the
pendulum divided by the gravitational field.

T=2m\/t

fﬂcfhv

Notice that the period depends only on the length of the pendulum and the gravitational 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.

Eeet It?

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

@M

4 Determine what affects the period of a simple pendulum. Studg:: IBtnnk
sc\,

'JJJt

Figure 4 The pendulum’s motion is
an example of simple harmonic
motion because the restoring force
is directly proportional to the
displacement from equilibrium.
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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 with mass
80g, both having the same length and in the same location, is

(less than - greater than - equal to) one.

(1)
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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.
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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.
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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°%\. ¢

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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8 | Calculate the frequency of a wave from its period and vice-versa (f 25).

Student Book
Practice Problem (21,22,23)

12
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.

A=%
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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.

- s

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.

(17)
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