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Definition of periodic motion

. - - Be Smart
Periodic motion: ACADEMY

It 1s a motion that repeats itself within the same 1nterval of
time. This interval of time 1s called period (T)

Example:
The Earth revolves around the sun, the motion of a fan, ..




Definition of vibration (oscillation) ® *

What is a vibration? ACADEMY

A vibration i1s one complete cycle of repetitive back and forth
motion, about a position of equilibrium, from one extreme
(maximum or minimum) to another (minimum or maximum).

position at
| rest=0




Characteristics of a vibration
1.Amplitude (a):

It is the maximum distance covered by
the body during one vibration.

It is the distance between the position of

equilibrium and the maximum or
minimum.

\Qj j*o

:

Amplitude

)

I Amplitude

O = Equilibrium Position

A segment 1s the distance between the two extreme positions

1 vibration = 2 segments.
1 segment = 2 amplitudes.
hence 1 vibration = 4 amplitudes



Characteristics of a vibration

2.Period T : Cycle Time ACADEMY
Cycle 1 i,
It is the time needed to make one (seconds)
vibration st 2.3
t 2nd 2.3
T =— 3rd 2.4
n
4th 2.3
3.Frequency f: 5th 23
It is the number of vibrations 6th 2.3
during a certain interval of time We notice that each cycle

n 1 takes 2.3 s.
f = ? » f — ? Hence the period is:T = 2.3 s



Characteristics of a vibration
' Be Smant
ACADEMY
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Application 1: A mass is tied to a spring and begins

vibrating periodically. The distance between its
highest and its lowest position 1s 38 cm. The pendulum
is observed to complete 23 full cycles in 58 seconds.
I)Determine the amplitude of the vibrations?

Segment = 2 amplitudes ® 38 =2a ?a =19cm

2) Determine the period and the frequency of the pendulum

58 1 1

t
T:E:_3:2.525 f—?—252—039HZ
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Definition of a wave P »
| Be Smant

A wave Is a moving vibration. ( It iIs ACADEMY
the propagation of a vibration).

Remark:
Waves transport energy and does
not transport matter




Characteristics of wave

A wave is a moving vibration, so ACADENY

It has the same characteristics of

a vibration:

« Amplitude:

* Period:

* Frequency: £

« Wavelength: A wave move, this
means It covers a - certain
distance called wavelength (4).

» Speed of wave.




Characteristics of wave

1.Amplitude (a): is the distance ACADEMY
between axis and maximum
(crest) or minimum point
(trough).

2.Period: Is the time for one |
wave, In seconds. |

3.Frequency: Is the number of
waves per time. For one wave.

1
F=7




‘Characteristics of wave

4.\Wavelength: for one wave the
wave length 1s the distance
traveled.

5.A speed: It Is the distance
covered by the wave per unit
of time. It 1sIn m/s

Be Smart
ACADEMY

d A
V= =) V=r

V=At



Characteristics of wave

Application 2:
The adjacent figure represent a wave.
1)Using the figure determine: /\ /\ /\
a.The amplitude of the wave on the ™7 \/ \/
rope.
b.The wavelength of the wave.

ACADEMY
0.16 m

2)Knowing that the speed of the wave iIs 0.2m/s, calculate iIts
frequency.

3)A piece of fabric Is placed Initially at the first crest.
Determine the position of the piece of fabric after 2 s. Justify



Characteristics of wave

1)Using the figure determine:

a.The amplitude of the wave on the
rope 0.16 m

Amplitude = a = 29 — y

a= 0'206 B a=003m “”“'i /\\//\\//\

b.The wavelength of the wave
2A=0.16 M) 1 =0.08m

R, Con rt
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Characteristics of wave

2)Knowing that the speed of the wave Is
0.2m/s, calculate its frequency

f=2mpf=_"" mp f=2.5H

0.08

3)A piece of fabric Is placed Initially at the first crest.
Determine the position of the piece of fabric after 2 s. Justify

The piece of fabric be on acrest,| , -t _ 2 _ &

equilibrium or trough after 2 sec ? r 04 _
r_1_1 After 2 sec, the piece of

;=25 0-4s fabric is on the crest .
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Nature and types of wave

Waves

Mechanical
waves

Electromagnetic
waves

Longitudinal
waves

Transverse
waves

Transverse
waves

Sound waves

Water waves

Light waves
X-ray waves

Radio waves



Nature and types of wave

Mechanical waves:

It 1Is a wave that needs a
medium to propagate, so it
can’t propagate In vacuum,
such as sound wave, water
wave, and sound wave.

Direction of Sound Waves

.l e o ..l -

Rarefaction Compression

B

Be Smart

Electromag netic waves: ACADEMY

It IS a wave that doesn't require
medium to propagate. This wave
can propagate in_medium or in

vacuum, such as light waves

i

visible light ultraviolet X-rays gamma rays
icrowaves
) 29D "" .
N T ﬁ
: \e’p (O
- iy = g (o, S '
used to usedin | transmi makes things | absorbed by | used to view used in
broadcast cooking, radar, able to be the skin, inside of medicine for
radio and telephone and seen used in bodies and killing cancer
television other signals radiators fluorescent objects cells
tubes




‘Nature and types of wave

Transverse wave :

Causes the particles of the
medium vibrate 1 to the
direction of the wave motion
water waves, light waves...

direction of energy transfer

W)
= <
W, 3
@ 2, S &
= 3\? 700

direction of vibration

2AVAVAY

Longitudinal wave: ACADEMY

Causes the particles of the
medium vibrate parallel to the
direction of the wave motion.
Sound waves, spring..

direction of
energy transfer

lllll

direction of
vibration




Vibratory state of two points belonging to a wave
Points Iin phase:

Two points vibrate in phase if
they reach their highest and
lowest positions.

Points vibrating in phase :

- Aand G vibrate in phase.  TWo0 points vibrate in phase If
- B and H vibrate in phase  the distance separating them is

- C and Fvibrate in phase  Whole multiple of wave length:
d=kA




Vibratory state of two points belonging to a wave

Points vibrate in anti-phase:

Two points vibrate In anti-phase
If one reaches highest position
while the other reaches lowest
position at same time:

Points vibrating in antiphase:

B & E are vibrating in antiphase.
G & Jare vibrating in antiphase.

* E & H are vibrating in antiphase.

Two points vibrate in out
of phase If the distance
separating them is whole
multiple of wave length:

2
d=(2k+1)3




A
ri
-

Vibratory state of two points belonging to awave g

oplication 3: A vibratory point source S hits the surface of water In a

ople tank with a frequency f =50 Hz

ne distance measured along a wave ray between the first and the sixth

crest is d=3cm.

1) Indicate the nature and the type of the wave produced on water.

2) Calculate the wavelength and deduce the speed of the wave.

3) We choose at the surface of the water the points A, B,C and D such that

a) A with respect to C.
b) A with respect to D.

SA=1.7cm , SB=2.4 cm, SC=3.5 cm and SD=3.8 cm. Determine the
vibratory state of

c)S with respect to A.



Vibratory state of two points belonging to a wave
f =50 Hz, d=3cm. ACADEMY

1) Indicate the nature and the type of the wave produced on water.
The nature of this wave Is mechanical and its type transverse
2)Calculate the wavelength and deduce the speed of the wave.

54 =3 B 1=0.6cm

v=Af=0.6x50 W v=30cm/s



Vibratory state of two points belonging to a wave
f =50 Hz, d=3cm.

3)We choose at the surface of the water the points A, B,C and

D such that SA=1.7cm , SB=2.4 cm, SC=3.5 cm and SD=3.8
cm. Determine the vibratory state of:

a)A with respect to C.

ACADEMY

d SC-SA 3 =integer = K

AT 2 | |
Hence A and C vibrate in phase

d 3.5-17

A 0.6



Vibratory state of two points belonging to a wave
f =50 Hz, d=3cm.
b)A with respect to D.

ACADEMY

d_SD—SA_3.8—1.7_35_2k+1
A A2 06 T 2

hence A and D vibrate In anti phase

c) S with respect to A.

d SA 1.7
£=22-2-283
A A 0.6

hence A vibrate neither in phase nor in antiphase with respect
to S
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Study the stroboscopy technique P

e Smart

Stroboscopy Is a technical method used to ACADEMY

study fast motion.

The stroboscope: Is an instrument which

emits periodic, intensive and brief flashes.

* The period T.: of flashes Is the time EEES
separating two consecutive flashes.

* The frequency (f,): of flashes Is whic
expressed in flashes/second.




Study the stroboscopy technique L 8,

Be Smart

Observation a fast periodic motion using a stroboscope: ACADEMY

Consider a disk is in fast periodic motion of frequency f.

The disk Is illuminated In a dark room by a stroboscope which
emits flashes of frequency f,

We will obtain the following cases:

Casel:f=f,thenT =T,
We will observe motionless or one
stationary segment.




|

Study the stroboscopy technique ‘ P
Case 2: f = Kkf, ACADEMY

We will observe motionless or one
stationary segment.

f
Case 3: f, = Kf or fzfthen o 0

We will observe k motionless segment.
« [f k=1, we observe 1 motionless segment.
« [f k=2, we observe 2 motionless segment.




Study the stroboscopy technique

Cased: ft =1,
The segment seems In apparent slow motion In the real

direction of rotation of the disk.
The apparent frequency of the apparent motion of the disk is

given by f,,, = [fo — f]

Cases: f s f,
The segment seems In apparent slow motion In the real

opposite direction of rotation of the disk.
The apparent frequency of the apparent motion of the disk Is
given by f,,, = [fo — f]

ACADEMY



Study the stroboscopy technique

Application 4:

A black disk, with a white radial segment, rotating at f=50r.p.s
IS Illuminated in a dark room by a stroboscope of frequency f,.
Determine the apparent shape and apparent frequency of the

disk for the following cases:

1f, = 50 2 f, =25

3 f, =100

4 f, =47 5 f, =52

6 f.=5

Take the time of persistence of visionas Tp = 0.1s

R, Con rt
D€ VMariL




Study the stroboscopy technique
f=50r.p.sand Tp = 0.1s

DForf=f,=50
then one motionless segment is observed.
f f,—f|=50—-50=0

R, Con rt
D€ VMariL

appz‘

2) For f =50and f, = 25

then f = 2f,:

Then one motionless segment Is observed.
fapp = |fe —f| =25 — 50| ='|-25| = 25Hz



Study the stroboscopy technique P

e Smart

f=50r.psand Tp = 0.1s AGADEMY
3)For f=50and f, =100

then f, = 2f

Then two motionless segment Is observed.

4) For f =50and f, = 47
thenf = f,:
The disk Is observed In slow apparent motion in the real sense

of rotation
app = |f, — f| = |47 — 50| = |-3| = 3Hz




Study the stroboscopy technique
f=50rp.sand Tp = 0.1s

5) For f =50and f, = 52
thenf, = f

The disk observed In slow apparent motion in the opposite
sense of rotation.

fapp = |fe —f| =[52 — 50| = |2| = 2Hz

6) For f=50and f, =5

then f = 10f,:

We observe one fixed or motionless segment
fapp = |fe — [ = |5 — 50| = [-45]| = 45Hz







